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tion of functional residual air, with certain addi- 
tions: (a) sets of evacuated gas sampling tubes 
are attached to the inspirator}' tubing (at A), and 
to the expiratory tubing (at B) ; (b) a side tube 
leads off from a three-way valve, between inspira- 
tory flutter valve and mouthpiece, for the collec- 
tion of alveolar air samples; (c) a shut-off valve 
is interposed between expiratory tube and soda 
lime bottle. The volume of the dead space of this 
breathing circuit, as measured by Christie’s 
method, was 1830 cc. 

The method, briefly stated, was to fill the 
spirometer with a measured volume of oxygen, to 
have the subject breathe through the circuit until 
redistribution of inert gas (nitrogen) between 
lungs and spirometer was completed ; then to take 
simultaneous samples of inspired and expired air, 
at successive intervals during this subsequent 
equilibrium period. Our interest lay in the na- 
ture of the equilibrium state existing after the 
initial redistribution of gases was completed. 

The time required for redistribution of inert 
gases between lungs and spirometer in an appa- 
ratus of this kind has been estimated by Van 
Slyke and Binger (1) to be about 5 minutes. 
These investigators used a hydrogen-oxygen mix- 
ture in the spirometer, and found that at the end 
of 5 minutes of normal quiet respiration, the 
N 0 /H 2 ratio in the spirometer reached a level 
which thereafter remained essentially constant. 

The details of technique in our experiments 
were as follows. With the subject (usually under 
basal conditions) attached to the apparatus by 
mouthpiece and noseclip, and breathing room air 
through Valve I, samples of alveolar air were first 
taken by having him make a single forced expira- 
tion through Valve III and the side tube, Valve I 
being turned from room air to apparatus. When 
respiratory equilibrium was again established 
(after 3 minutes). Valve I was turned, at the end 
of a normal expiration, and the subject then 
breathed for 8 minutes in the closed circuit. Dur- 
ing this time oxygen was, of course, being ab- 
sorbed from the system, and the oxygen concen- 
tration was therefore progressively decreasing. 
The course of respiration and of oxygen con- 
sumption was recorded on the drum. 

At the end of 6 minutes’ breathing, a sample of 
air was taken, during the course of an expiration, 
at A. This was the air which was to he inhaled 


at the next following inspiration. The subject 
was then allowed to take this next inspiration. 
At the end of the immediately following expira- 
tion, an expiratory sample was taken at B. Thus, 
in the A and B samples, as taken, we had essen- 
tially the composition of an inspiratory sample of 
air, and of the last part of the next following 
expiration. 

The A sample would, of course, represent the 
exact composition of all the inspired air of the 
next breath, only if the composition of air were 
constant along the whole inspiratory tube, from 
spirometer to mouthpiece, and if the volume of 
inspired air equalled the volume of this inspira- 
tory tubing. The volume of inspiratory tubing 
was about 420 cc. ; and as the spirometer air dif- 
fered in O 2 and No concentrations from air in A 
samples by only about 0.25 per cent, it is probable 
that the average value of nitrogen concentration 
of inspired air differed from the corresponding A 
sample nitrogen concentration by less than 0.1 per 
cent. 

Similar A and B samples were obtained at the 
end of 7 minutes’ breathing, and at the end of 8 
minutes. Immediately upon taking the 8th min- 
ute expiratory sample. Valve III was turned, the 
subject directed to make a forced deep expiration, 
and an alveolar air sample was taken from the side 
tube. 

The gas samples were analyzed by a Haldane 
apparatus, provided with a burette graduated be- 
tween 5.0 and 10.0 cc. 

Several experiments of this type were run on 
each of three normal individuals. The results of 
all were consistent. 

The results of a typical experiment, with the 
normal subject A.C., are given in Table I. The 
first horizontal row of figures shows the concen- 
trations of gases in the alveolar air sample taken 
while the subject breathed room air; the "A 
sample ” here represents room air, the “B sample ” 
alveolar air. It will be seen that expired nitrogen 
concentration is greater than inspired nitrogen 
concentration, as one would expect. 

The next three horizontal rows of figures give 
the concentrations of gases in inspired (A) and 
expired (B) samples, at the end of 6, 7 and 8 
minutes’ breathing, in the closed circuit, during 
which time the oxygen concentration in the sys- 
tem was steadily decreasing, and nitrogen concen- 
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TABLn 1 


Contposilion of inspired (/I) and expired^ (B) air, vith pro- 
grcssirdy decreasinp, axys:en in inspired air (closed 
circuit), Subject A.C., December 3, 1935 
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1.23 
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43.3 

37.0 

1.06 

56.5 
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+0.3 

Spirouietcr. 










Eth minute . 


0.1 


43.0 



56.9 




tration increasing. It will be seen that in these 
samples, expired nitrogen concentration is less 
than inspired nitrogen concentration. The differ- 
ences are given in the last column on the right. 
Associated with this decrease in expired nitrogen 
concentration is a relative increase in expired 
ox}-gen concentration, so that the R.Q. as meas- 
ured is greater than 1. 

One’s first thought in attempting to explain the 
e.xcess of inspired over expired nitrogen, and the 
high R.Q., is that the subject was hyperventilat- 
ing. From other data in the experiment, this 


seems unlikely: as the expired CO; values were 
not low, were in fact near the alveolar CO, levels ; 
the alveolar CO, at the end of the breathing period 
was not lower than at the beginning; and the total 
volume of ventilation was low. This question 
was, however, decided by experiment. Two fur- 
ther sets of breathing experiments were run, on 
each of two normal subjects, using the same ap- 
paratus: one set in which the inspired air was 
kept constant in composition; and the other in 
which the inspired air was increasing in its ox>- 
gen concentration during the 8 minutes of breath- 
ing. The first was arranged by remo\-ing the 
spirometer bell, ha\Tng the subject inspire room 
air through the inspiratory' (A) tube, and collect- 
ing expired air as it issued from the expiratory 
tubing. The second was carried out by running 
o.xygen into an opening in the expiratory' tubing 
at a constant rate of 500 cc. per minute. 

In both these two accessory experiments it was 
found that the nitrogen concentrations of the ex- 
pired air samples were regidarly greater than 
those of the inspired air. 

Figure 2 shows the results of the three sets of 
experiments. In the first, with progressively de- 
creasing inspired oxygen, expired nitrogen con- 
centration is less than inspired nitrogen concen- 


Inspircd 
minus 
Expired 
N2 °/o 



O—— Progressively decreasing, inspired oxygen 
A--- Progressively increasing inspired oxygen 
X— —Constant inspired oxygen concentration 

Fig. 2. Dutesexce betweex Ixspieed axd Expired Air NTTPnnr,.- 
CoXCEXTRATIOXS [AN, (I — E)]. 

Normal subject For explanation see text 



4 


H. C. A. LASSEN, A. COURNAND AND D, W. RICHARDS, JR. 


tration; in the other two, willi constant or in- 
creasing inspired oxygen, expired nitrogen is tlic 
greater. The alveolar air sample taken at the end 
of the Sth minute shows a similar c(Tccl, though 
in the decreasing oxygen experiment the nitrogen 
deficit is less marked. Some of this relative in- 
crease in expired nitrogen in the alveolar samples 
is due to the extra time (about 5 seconds) re- 
quired for a complete forced expiration, with fur- 
ther concentration of nitrogen in the lungs in this 
interval. 

The true explanation of tliis qualitative shift in 
nitrogen concentrations, in the decreasing oxj'gcn 
system, is not difficult. If one has a volume of 1 
liter of a gas mixture of 50 per cent oxygen and 
50 per cent nitrogen, then adds to this liter a 
volume of 200 cc. of 45 per cent oxygen and 55 
per cent nitrogen, the resulting concentrations of 
gases in the whole 1200 cc., after mixture, will be 
approximately 51 per cent nitrogen and 49 per 
cent oxygen (Figure 3). A mixed sample re- 
moved will, of course, have the same concen- 
tration. 

In the same manner the lungs are a storehouse, 
as it were, of earlier breaths, all of which in this 



Inspired 

Air 


Fig. 3. Diagram of Mixing, with Decreasing 
Inspired Oxygen. 


instance have had higher oxygen and lower nitro- 
gen concentrations than in the immediately pre- 
ceding inspired sample. 

Granting the above principle, one must next in- 
quire whether in the actual breathing circuit which 
we have employed, the “ o.xj’gen storage effect” 
will be quantitatively sufficient to explain the ex- 
pcnmcntally found c.xccss of inspired over ex- 
pired nitrogen concentrations. 

If wc take figures from a group of experiments 
performed with normal subjects we find that the 
average change in conqxisition of inspired air per 
breath is — 0.25 per cent for oxygen and -f- 0.25 
per cent for nitrogen. Other average measure- 
ments, obtained experimentally, of lung volumes, 
ventilation, and composition of alveolar air, are as 
follows : 

Functional residual air 2160 cc. 

Tidal air (inspired) 495 cc. 

Tidal air (expired) 490 cc. 

Alveolar CO- 5,50 per cent 

Respiratory dead space (approximate) . 100 cc. 

Respiratory quotient 0.81 

COj excreted per breath 21.5 cc, 

Oj absorbed per breath 26.5 cc. 

Respiratory rate, per minute 10 

Using these figures we wish to calculate the 
gaseous composition of a series of expired 
breaths; as successive inspired breaths are in- 
haled, mixed with existing pulmonary air, and 
again exhaled; each inspired breath containing 
0.25 per cent more No than its predecessor. 

For convenience we will arbitrarily choose, as 
a starting point, a condition of the breathing cir- 
cuit in Avhich nitrogen is equal in lungs and spi- 
rometer, Suppose the concentration of nitrogen 
to be 50 per cent in spirometer, and 50 per cent 
in lungs, at the end of an inspiration; the alve- 
olar COo 5.50 per cent, and alveolar oxygen 44.50 
per cent. 

As expiration is carried out, 490 cc, are ex- 
haled. The first 100 cc. (dead space) contain un- 
changed inspired air; the remaining 390 cc. con- 
tain: 5.50 per cent X 390 = 21.5 cc. of CO^; 
44.50 per cent X 390= 173.5 cc. of Oo; and 50.0 
per cent X 390 = 195 cc. of Nj. 

There also remains in the pulmonary dead space 
100 cc. of expired air of the above concentrations. 

The next inspired air will contain 49.75 per 
cent O,, and 50.25 per cent of N,. The volume 
is 495 cc. ; only 395 cc. will, however, reach the 
alveolar spaces, as 100 cc. remains in the pul- 
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changes this concentration from 39.0 to 38.1 per 
cent. Comparing these figures with the actual 
alveolar values of 6.2 per cent CO, and 37.6 per 
cent Oo, one infers that the distribution of COj 
through the expirable part of the functional re- 
sidual air is good, in this subject; the oxygen 
somewhat diminished in concentration in the deep 
alveolar specimen. Tliere is, however, no large 
discrepancy; and mixture of gases through alve- 
olar spaces can therefore be considered fairlj' satis- 
factory, so far as distribution of nitrogen is 
concerned. 

The question remains whether the principles of 
mixture which we have just outlined are sufficient 
to explain the entire discrepancy between expired 
nitrogen values with decreasing oxygen in inspired 
air, as compared with these values with constant 
or increasing inspired oxygen. Our calculations 
indicate that quantitatively these principles are 
sufficient to explain this discrepancy. Whether 
there are also in the human lungs other methods 
of mixing or distributing successive inspired 
breaths, cannot be determined from present data. 

The practical value of the above considerations 
is their application to the determination of re- 
sidual air. In normal individuals the nitrogen 
concentrations of the alveolar air samples (cor- 
rected) can be taken to represent, approximately, 
the average nitrogen concentrations throughout 
the residual air. If determinations of alveolar air 
are made, therefore, both before and at the end of 
the period of bi'eathing through the closed circuit, 
and the nitrogen concentration of the air in the 
spirometer determined as in the manner prescribed 
by the method of Christie (3), then the functional 
residual air can readily be calculated by a slight 
modification of Christie’s formula. 

The principle of the equation is the same : nitro- 
gen in system at the start -1- 65 cc. = nitrogen in 
system at the end of the breathing period. 

In the above equation, also, we have altered 
Christie’s practice slightly, by including the 65 
cc. of nitrogen excreted from the lungs during 
the period of rebreathing; rather than making a 
flat correction in the final value of the residual 
air. 

The equation in detail is as follows ; 

(F) CAlv. a) + (D.S.) (.791) -1-65= (F) (Alv. 

-1- (D.S. -1- Oo) (Spirom. No) ; 


where 

V — volume of functional residual air, 

Alv. fl = alveolar nitrogen concentration taken while 
subject breathes room air, 

Alv. p = alveolar nitrogen concentration taken im- 
mediately after end of breathing through 
closed circuit, 

D.S. = volume of dead space of apparatus, 

Oj = volume of excess oxygen in system at end 
of breathing period, 

Spirom. Nj = concentration ot nitrogen in spirometer at 
end of breathing period. 


It is not actually necessary, for the purposes of 
this formula, to correct the alveolar samples for 
the number of seconds taken in obtaining them; 
inasmuch as the correction will be the same for 
each sample and will therefore cancel out as the 
equation is solved for V. 

The above equation represents volumes at the 
temperature existing in the apparatus; after V 
has been calculated, the actual volume of air in 
the lungs is then obtained by correcting for the 
increase due to the temperature (37° C.) within 
the lungs; as has of course been described by 
Christie and others. 


There is also a further small correction theo- 
retically necessary due to the excess pressure of 
water vapor within the lungs (which must occupy 
some space). This pressure amounts to about 
46 mm. in the lungs, and about 25 mm. in the 
apparatus at room temperature. The correction 
gives another slight increase to the figure for ac- 
tual functional residual air; the ratio by which 
the calculated lung volume is multiplied being 

1.02. This correction in normal sub- 

760 — 46 

jects amounts to only about 50 cc. and may be 
neglected. 

The correction provided by the inclusion of 
values of actual alveolar air (or expired air), in 
the calculation of functional residual air, is not 
negligible, as will be seen from Table III (first 
two experiments). As also shown in Table III, 
we have been able to calculate, by a few simple 
modifications of the formula just given, the values 
of functional residual air for each of the 6, 7 and 
8 minute breathing periods, in the closed circuit 
experiments described in the first part of this 
paper, with decreasing inspired oxygen concentra- 
tions. This was accomplished by making small 


corrections in A- and 5-sample values so as to 
make them approximately equal to spirometer and 
alveolar air values respectively. Since both A and 
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TARLE in 


Values pfjur.dioucl residual air, calculated (/) by assumption 
of equal mixture in breathing circuit, {II) by use of 
actual values of expired or alveolar air 


Subject • 

D.\tc 

Kutnber 

of 

minute? 

brciithinc 

} 

I 

(Equal 

mixture) 

u 

(Actual 

mixture) 

H.C..VL. 

Febru.arv 11, 1935 

7 

3660 

3410 

A. C 

Januarv 24, 1935 

i 

23S0 

2210 

A.C 

XovemW 27, 1935 

6 

2477 

2278 



7 

2659 

2367 



8 

2S90 

2438 

A. C 

December 3, 1935 

6 

2540 

2312 



7 

2560 

2309 



8 

2660 

2343 

D.R 

January 3, 1936 

6 

4300 

3460 



7 

4690 i 

3518 



s 

4945 

3538 


_ * Total pulrnonan* volume of Subject A. C. was 6200 cc., 
vital capacity 4500 cc.; total pulmonaty’ volume of Sub- 
ject D. R. was 8100 cc.; vital capacity 5800 cc. 


B, and alveolar air and spirometer values are ob- 
tained e.\perimentally for the 8th minute, the 
necessary corrections for 6th and 7th minutes are 
easily made.* 

It will be seen in Table III that the error due 
to assumption of equal mi.xture of nitrogen 
through the system is always appreciable, and 
may be considerable, in normal subjects. In Sub- 
ject D. R., with large total capacitt' and large re- 
sidual air, the excess in nitrogen concentration of 
inspired over expired air, after 6 to 8 minutes of 
breatliing in the closed system, was about 1.3 per 


-The complete formula may be illustrated by the cal- 
culation of functional residual air for 7 minutes’ breath- 
ing in the experiment of December 3, 1935 (see Tables 
I and III) : 

.814 V -h (1830) (.791) -}- 65 = ( J31 -f .006) V 

-f (1830 -f 2090 — 60) (.537 -f 0.004) -f 60 (.511); 
V — 2190 cc. (not corrected for temperature) ; 

where 

1830 = volume of dead space of apparatus, 
cm excess oxygen in sj-stem, 

.531 -f- .006 — B sample nitrogen concentration corrected 
so as to equal alveolar nitrogen concen- 
tration at 7th minute, 

.537 -f .004 — A sample nitrogen concentration corrected 
so as to equal spirometer nitrogen con- 
centration at 7th minute, 

60 = volume removed from system when A and 
B samples are taken at end of 6th minute 
of breathing, 

(60) (.511) — volume of nitrogen removed when A and 
B samples are taken at end of 6th minute 
of breathing. 


cent, and the error due to the above assumption 
was therefore large. 

SUMMxVRY 

1. When a normal individual breathes for sev- 
eral minutes in a small closed circuit in which the 
oxygen concentration is steadily decreasing, an 
equilibrium state is reached and maintained, in 
which the e.xpired nitrogen concentration is less 
than the inspired nitrogen concentration. This is 
due to the progressive increase in inspired nitro- 
gen concentration with each breath, to mixing of 
inspired air in the lungs with air previously in- 
haled, and to the exhalation of mixed samples. 

2. In the determination of residual air volumes 
by quiet breathing, in a closed circuit apparatus, 
use of alveolar air samples, obtained before and 
at the end of the breathing period, enables a cor- 
rection to be made for the inequaliU' of concentra- 
tions of inert gases through the system. This cor- 
rection may amount to several hundred cubic 
centimeters in normal subjects. 
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In the preceding paper (1) we have shown that 
in a small closed breathing circuit of steadily di- 
minishing volume (due to absorption of oxygen 
and CO-), an}’ inert gas in the system will not be 
evenly distributed, when mixture of all respira- 
tor}- gases reaches equilibrium. Due to the fact 
that the lungs are a rcserv’oir containing air from 
many earlier breaths with correspondingly lower 
concentrations of nitrogen (or other foreign inert 
gas), the pulmonai}’ air at any moment contains 
a lower nitrogen concentration than the spi- 
rometer. 

It was found that rrith quiet breathing by nor- 
mal subjects, tidal air was sufficiently well dis- 
tributed through pulmonary' spaces, so that by- 
sampling either e.xpired air or deep alveolar air, 
the concentration of nitrogen in the pulmonary air 
could be measured fairly accurately. By the use 
of this ^’alue as well as that of the sample from 
the spirometer, at the end of a period of from 6 
to S minutes’ quiet breathing, functional residual 
air could be calculated. 

In the present investigation we have attempted 
to extend the same method of study to a group of 
cases of pulmonary fibrosis and emphysema. 

It is dear that in the system under considera- 
tion, the lag in nitrogen concentration within the 
lungs, or difference between the nitrogen concen- 
trations of inspired air and expired air, rvill de- 
pend upon a number of variables, among which 
are the volume of residual air in the lungs, the 
volume of effective tidal air (actual tidal air 
minus pulmonary' dead space), the rate of change 
of inspired nitrogen (and oxygen) concentrations 
per breath. 

Tidal air \-aried between 300 cc. and &X) cc., in 
the cases that we studied. Change in inspired 
nitrogen concentration per breath varied between 
0.25 and 0.40 per cent. 

If the functional residual air is small, one would 


e.xpect that there would be a more effective wash- 
ing out of pulmonary' air spaces with each breath, 
and less “ o.xy'gen storage ” or “ nitrogen lag ” in 
the lungs during tlie closed circuit breathing. 

We have made measurements of functional re- 
sidual air in a group of cases of pulmonary fibro- 
sis and other conditions tending to reduce residual 
air volume. The method used was that of 
Christie (2), modified by' the additional use of 
ah'eolar air samples taken both before and at the 
end of the period of breathing in the closed cir- 
cuit, as described in the preceding paper (1). 

TABLE I 

Functional residual air, calculated (7) by assumption of equal 
mixture of nitrogen through system; (II) by actual 
measurement of expired (alveolar air) nitrogen 


Subject 

Age 

Sei 

Condition 

Functional 
residual air 





I 

II 

H.L. 

yters 

38 

M 

Normal 

cc. 

3660 

CC, 

3410 

D.R. 

40 

M 

Normal 

4690 

3518 

A. C. 

40 

M 

Normal 

2380 

2210 

S.F. 

25 

M 

Tuberculosis, fibrosis 

2990 

2570 

G.L. 

38 

M 

Tuberculosis, fibrosis 

2405 

2300 

F.W. 

28 

F 

Tuberculosis, fibrosis 

1530 

1400 

A.M. 

27 

F 

Tuberculosis, thoracoplastv 

1168 

1153 

D.M. 

50 

M 

Old empyema, fibrosis 

1138 

1128 


Table I gives the residual air values for five 
such cases, and for three normal individuals. The 
principal pulmonary' abnormalities of each case 
are listed. Each of these cases of pulmonary 
fibrosis was also studied quite extensively from 
the point of Hew of circulatory and pulmonary- 
function. These details need not be reHewed 
here, but it is important to note that none of the 
cases had evidence of much disturbance in pul- 
monary' gas exchange, or in distribution of tidal 
air through the lungs: that is, CO, levels of 
alveolar air and of arterial blood were rvithin 
normal limits, resting ventilation was not in- 
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creased (cf. Nielsen and Sonne (3)), and arterial 
oxygen saturation was normal at rest. (For tech- 
nique of these studies see Cournand et al. (4)). 

In Table I, the functional residual air has been 
calculated in two ways : first, assuming equal mix- 
ture of inert gas (nitrogen) through the S3\stcm, 
and second by the use of actual pulmonary (al- 
veolar) samples. It will be seen that the difTer- 
ence between the results by the two methods of 
calculation is less, the smaller the functional re- 
sidual air. This is due largely to the fact (as 
predicted above) that with small functional re- 
sidual air, concentration of nitrogen in expired 
air is not less than that in inspired, but is either 
the same or larger. In other words, the “ nitro- 
gen lag ” in the lungs is much less than is the case 
with normal individuals having larger residual 
lung volumes. A given volume of tidal air 
washes out the existing residual air more effec- 
tiveljL 

We may consider now the application of this 
method of study to cases of pulmonary emphy- 
sema. 

Theoretically, as indicated above, a large re- 
sidual air will tend to increase the “nitrogen 
lag ” in the lungs, after the distribution of gases 
in the closed breathing circuit has reached equi- 
librium. It is possible to calculate what will be the 
expected nitrogen percentages in lungs and spi- 
rometer (or in inspired and expired air samples), 
after a given number of breaths, in a system with 
known values of residual air, tidal air, pulmonary 
dead space, and change per breath in nitrogen con- 
centration of inspired air. As values typical of 
advanced emphysema we have chosen the follow- 
ing: 


Functional residual air 

Tidal air (inspired) 

Tidal air (expired) 

Alveolar CO^ 

Pulmonary dead space 

Respiratory quotient 

CO 2 excreted per breath 

0» absorbed per breath 

Respiratory rate, per minute 

Difference in inspired nitrogen concen- 
tration, per breath 


5000 cc. 

403 cc. 

400 cc. 

6.48 per cent 
175 cc. 

0.81 

14.6 cc. 

18.0 cc. 

16 

0.25 per cent 


The calculation is carried out in a manner simi- 
lar to that described in the preceding paper. As 
one would expect, with larger residual air and 
smaller effective tidal air, it takes longer for an 
equilibrium state to be established, than was the 


case with the normal values. It required, as a 
matter of fact, aliout 40 breaths before this equi- 
librium state existed, in the calculation with the 
above values. Table II shows the essential re- 

TABLE II 

Calculated changes in concentrations of respired gases, in 
closed circuit, with progressively decreasing 
inspired oxygen concentrations 


Assumed 
residual air 

Number of 
brcatlis 

OxvKcn 

NitroKen 


In- 

spired 

Ex- 

pired 

In- 

spired 

Ex- 

pired 

R.Q. 



Prr 

cent 

Per 

cent 

per 

cent 

per 

cent 


Normal 







2160 cc. 

1st breath 

49.75 

44.40 

50.25 

50.10 

0.92 


10th breath 

47.50 

42.60 

52.50 

52.10 

1.00 


12th breath 

47.00 

42.15 

53.00 

52.35 

1.01 

Emphysema 






0.92 

5000 cc. 

1st breath 

49.75 

43.48 

50.25 

50.04 


15th breath 

46.25 

42.11 

53.75 

51.41 

1.34 


20th breath 

45.00 

41.35 

55.00 

52.17 

1.49 


30th breath 

42.50 

39.57 

57.50 

53.95 

1.80 


40th breath 

40.00 

37.52 

60.00 

56.00 

2.09 


suits of this calculation, and compares them with 
those already given for normal values in Table II 
of the preceding paper (1). It will be noted how 
marked a discrepancy exists after 30 or 40 
breaths, between inspired and expired air; result- 
ing in an excess of 4 per cent in nitrogen concen- 
tration of inspired over expired air, and a respira- 
tory quotient over 2.0. 

It should be noted, in this calculation just as in 
that of the preceding paper, that we have made 
several assumptions here, especially that each in- 
spired breath (exclusive of the pulmonary dead 
space) is evenly distributed throughout the func- 
tional residual air. Also, nitrogen excretion from 
the lungs has not been accounted for in our cal- 
culation ; this would tend to increase expired 
nitrogen values slightly. 

If, however, the conditions represented by the 
calculation are approximately fulfilled in emphy- 
sematous subjects, one would expect that the 
nitrogen concentration of expired air would be 
much less than inspired air, and that residual air 
calculated by the assumption of equal mixture of 
nitrogen through the system would have a much 
greater value than residual air calculated by the 
use of actual pulmonary nitrogen concentrations. 

To test this postulate, we have made experi- 
ments, similar to those described in the preceding 
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paper, on several subjects with marked pulmonarj* 
emphysema. In these e.\'pcrimcnts, correspond- 
ing samples of inspired and of expired air were 
obtained, at the end of 6, 7, and 8 minutes’ breath- 
ing in the dosed circuit ; and alveolar samples ob- 
tained before the closed circuit breathing began, 
and at the end of the eighth minute. The results 
of an experiment on each of two emphysematous 
subjects arc given in Table III. 

tahle in 

Emphysema. Composilion of inspired (/I) and expired (B) 
air, scith progressively decreasing oxygen con- 
centration in inspired air 


Siwdtatn 

COi 

Oi 

RQ 

Xj 

AX, 

A 

B 

A 

B 

A 

B 


trr 


ffr 

per 



per 

ter 


coii 

1 

crr.t 

cfr.t 

i 

cent 


cent 

cent 

cent 

SUBJECT S, B. 

, FEBRU.ARY IS, 

1936 



1 

Alveolar, be- 

1 

1 

1 

1 


1 

1 


fore 

.03 

6.2 

20.9 

12.3 

0.72 

79.1 

81.5 

-2.4 

7th minute . . . 

.02 

5.1 

26.6 

22.1 

I.OS 

73.4 

72.8 


8th minute . . . 

.06 

5.3 

22.9 

18.3 

1.15 

77.0 

76.4 

-hO.6 

Alv'eolar, Sth 









minute 

.06 

7.2 

22.9 

15.9 

1.03 

77.0 

77.0 

0 


SUBJECT F. S., FEBRUARY 19, 1935 


Alveolar, be- 







! 


fore 

0 

8.4 

120.9 

9.5 

.74 

79.1 

S2.I 

-3.0 

7th minute. . . 

0 

5.4 

38.9 

33.7 

1.04 

61.1 

60.9 

-hO.2 

Sth minute . . . 

0 

6.0 

36.1 

31.1 

1.20 

63.8 

62.9 

-fO.9 

Alveolar, Sth 






1 


minute 

0 

8.8 

36.1 

26.2 

.89 

63.8 

65.0 

-1.2 


Both these subjects had advanced generalized 
pulmonarj' emphysema, with chronic bronchitis 
but without clinical evidence of any large local- 
ized pulmonary- infection; nor any evidence of 
cardiac failure. The first patient, S. B,, was a 
man of 38, whose symptoms were cough, and 
severe dyspnea, occurring always on slight ex- 
ertion, and frequently in paroxj'sms even at rest. 
Physical examination showed characteristic signs 
of emphysema. His Htal capacitj' was about 
1,200 cc., his residual lung volume (according to 
our measurements) greatly increased. Arterial 
blood was 90 per cent saturated at rest. His 
sjTnptoms were somewhat relieved by continuous 
oxj’gen therapj'. 

The second patient, F. S., was a man of 54 
who had had chronic sinusitis for many j'ears. 


and for several years past, increasing cough and 
dj'spnea on exertion. He was moderately cya- 
notic. Habitus was asthenic, with long chest, and 
atonic abdomen. Chest signs were characteristic 
of emphysema. The heart was not enlarged. 
Measurements of lung volume were variable, vital 
capacity varying from 1,500 cc. to 3,100 cc. (after 
adrenalin). Measurements of residual air were 
always high, though also variable. Intrapleural 
pressure was -{• 10, — 5. Arterial blood was 
markedly unsaturated, even at rest, vary'ing be- 
tween 78 and 88 per cent o-xj-gen saturation. The 
patient was somewhat relieved by oxj’gen therapy, 
greatly relieved by adrenalin. 

Examination of the figures in Table III shows, 
in the first place, in both subjects, a considerable 
discrepancy between the CO, and oxygen values 
of expired air as compared with corresponding 
values of alveolar air, at the end of the 8th minute. 
This discrepancy is greater than can be accounted 
for on the basis of the time taken by these pa- 
tients (8 seconds by S. B., 10 seconds by F. S.) 
in making an extreme expiration, after a normal 
expiration. In the case of F. S., with the more 
marked emphysema, oxj-gen absorption in 10 
seconds was about 50 cc., CO, output about 40 cc. 
Functional residual air, as measured, w’as 5,845 cc. 
Thus, the CO, content of the residual air, accord- 
ing to the expired air ralue, w'ould be (5,845 X 
,060) =351 cc. ; whereas according to the alveo- 
lar air value it would be (5,845 X .088) — 40 = 
465 cc. Correspondingly, the oxj'gen content of 
the residual air, according to the expired air value, 
would be (5,845 X -311) = 1,818 cc.; according 
to the alveolar air value, would be (5,845 X .262) 
4-50 = 1,582 cc.; a difference of 236 cc The 
difference in nitrogen concentration of expired as 
compared with alveolar samples (Table III) is a 
further index of inequality’ of deep alveolar as 
compared w’ith the last part of the expired tidal 
air. 

Thus w'e have in the emphysematous subject 
eridence of considerable inequality' of concentra- 
tions of respiratory' gases through the lungs. 
This concept is not new. The most conclusive 
recent investigations have been those of Sonne and 
his collaborators (3, 5), who have shown that 
even in normal indiriduals there are alveolar 
spaces which are hypoventilated ; whereas in 
emphysematous subjects this tendency becomes 
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ver}^ much more pronounced. In normal subjects 
there are apparently certain alveolar spaces wliich, 
though hypoventilated are also hypoper fused, so 
that the air in them is not greatly vitiated, COo 
being less in this air, and oxygen greater, than in 
other alveolar spaces. In patients with emphy- 
sema, on the other hand, all deeper alveolar air is 
high in COo and very low in oxygen, suggesting 
that the poorly ventilated regions are still rela- 
tively over-perfused by pulmonary blood. 

It has been recognized for some years that the 
Haldane-Priestley “ alveolar ” specimen is a more 
or less empirical function; as evidenced by the 
fact that the correspondence in COn tension be- 
tween alveolar sample and arterial blood depends 
upon the particular teclinique of obtaining this 
sample; and that this technique is different for 
different physiological conditions, such as rest and 
exercise. With Sonne’s concept of the distribu- 
tion of gases within the lungs, the Haldane- 
Priestley sample becomes frankly a roughly ap- 
proximate mixture of air from various regions of 
the lungs. 

In the case of the patient F, S,, several deter- 
minations of the deepest possible alveolar air 
were found to be approximately the same in COo 
tensions, as the CO 2 tension of arterial blood 
drawn at the same time. This suggests that there 
are regions in the lungs in which the air is more 
vitiated than that in the alveolar specimen; as 
well as hyperventilated regions in which the air is 
less vitiated. 

Returning to the inspired and expired air values 
in Table III, we find that they are consistent with 
the concept just discussed. That is, the concen- 
tration of nitrogen in the expired air is not 3 or 4 
per cent less than that in the inspired air, as one 
would expect from our calculations, but is less 
than one per cent less. This suggests that the 
volume into which the tidal air passes and in 
which it mixes with the air of earlier inspired 
breaths is about the same as the residual air vol- 
ume of normal individuals (see data in preceding 
paper) ; rather than the much larger volume of 
total residual air in this emphysematous subject. 
The above suggestion is of course not to be con- 
strued strictly anatomically. Instead of a cer- 
tain volume into which all tidal air is well and 
evenly distributed, there probably exists a certain 
reduced volume in which this even distribution 


takes place, and in addition a large volume which 
some tidal air reaches but only in very small 
amount at each breath, so that such spaces con- 
tain at all times greatly vitiated air. The greater 
nitrogen concentration that always exists in deep 
alveolar specimens, as compared with that in the 
corresponding specimens of e.xpired air, is con- 
sistent wdth this notion. 

In a clinical case of emphysema there is apt to 
be much variation, from day to day, or even from 
hour to hour, in the severity of symptoms; and 
one would naturally expect corresponding varia- 
bility in distribution of air through pulmonary 
spaces ; associated with changes in patency of air 
passages, and in other functions. In a number of 
experiments, of the type illustrated in Table III, 
on a group of five emphysematous patients, our 
results quantitatively with each patient were quite 
variable. Expired air nitrogen Avas sometimes 
considerably less than inspired air, at another time 
nearly equal, or even greater. The values of al- 
veolar air gases, and the relations between these 
and the expired air gases, or between these and 
outside air, were also variable. 

Similarly, our efforts to obtain consistent re- 
sults in values for functional residual air in such 
subjects, even after applying the correction for 
actual nitrogen concentrations of alveolar air (see 
previous paper), were unsuccessful. Some of 
these variations may have been due to actual 
change, from day to day, in resting mid-position 
of the chest; but frequently the variation in fig- 
ure for functional residual air was considerably 
greater than could be explained by this factor, or 
by any probable alteration in pulmonary vascular 
bed or other anatomical cause. 

Table IV gives some values obtained on three 
emphysematous sub j ects. Calculations were made 
as described in the preceding paper. It will be 
seen that several types of inconsistency exist in 
these residual air figures. In all subjects there is 
usually a large correction factor due to the use of 
actual alveolar air nitrogen values. This is due 
in part to “ oxygen storage ” and “ nitrogen lag,” 
in part to the fact that with a large amount of 
nitrogen in the system, dilution with a given vol- 
ume of oxygen (run into the spirometer before 
rebreathing begins) causes less percentile change 
in total nitrogen concentration. The latter factor 
makes the divisor in the equation small, i.e., nitro- 
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TABLE IV 


F{!,ures for functional residual air in emphysematous subjects 


Subject 

Arc 

SC3C 

D.Uc 

Num- 
ber of 
minutes 
brcntli- 
ing 

Fund 

rcsidu 

I 

(assum- 
InK cuu-al 
mixture) 

:ional 
al aCr 

II 

(usinK 

nlvcol.'.r 

s,implc.') 


yrerf 


JPSO 



(C. 

A. G... 

39 

M 

March 24 

7 

3280 

3200 




March 27 

6 

4160 

3645 





7 

4215 

3640 

i 

1 




s 

4410 

3710 

E. P....i 

S6 

M 

January 13 

7 

6940 

5930 




January 16 

6 

3560 

2940 





7 

3890 

2965 

S.B.... 

42 

M 

February 18 

7 

9150 

5520 




March 2 

6 

5420 

4650 





7 

6550 

5150 





s 

8960 

6750 




March 13 

6 

9390 

6730 


gen concentration in the lungs at the start minus 
nitrogen concentration at the end. A 2 per cent 
error in nitrogen concentration (due to failure 
to use actual alveolar nitrogen concentration) 
therefore produces a greater proportional effect 
upon this divisor, than if the divisor were numeri- 
cally larger. 

In Subject A. G. it will be seen that the cor- 
rected values for functional residual air, are 
fairly consistent. In Subject E. P., on the other 
hand, there occurred in two successive examina- 
tions a large and unaccountable difference in re- 
sidual air value. This subject was particularly 
cooperative, and technically both tests appeared 
satisfactory. In Subject S. B. there was not only 
a very large difference between corrected and un- 
corrected values, but the former %'aried widely 
among themselves. 

With Patient F. S., also, we tried for several 
weeks during the spring of 1934, and again at 
frequent interr-als in the \vinter and spring of 
1935, to establish a consistent level for functional 
residual air. Table V shows the results of a 
group of experiments. These were technically 
satisfactorj'-, yet gave most diverse figures. 

It will be noted that several of the experiments 
recorded in Table V were performed while the 
patient was in an oxygen chamber, in which the 
oxygen was maintained at 35 to 50 per cent. The 
effect of high oxygen upon anoxemic subjects is 


TABLE V 

Measurements of functional residual air, under various 
conditions, in emphysematous subject (F. S.); I, as- 
suming equal mixture in system; II, using 
actual alveolar nitrogen values 


Date 

1 Conditions 

i Vitsi 

1 ca- 

Alveo- 

lar 

nitro- 

gen 

Functional 
residual air 

I 

(equal 

mix- 

ture) 

11 

(ac- 

tual 

mix- 

ture) 




cc. 


CC. 

u. 





cent 



December 13» t934 

Room air 

1810 

81A 

s.iso 

4790 

Februarj' 

20. I93S 

Room air 

1785 

81.7 

6,053 

5843 

March 

s, ms 

Oxj'gen room 

2120 

53.9 

1 9,770 

6440 

March 

11. 193S 

Oxi'gcn room, be- 







fore adrenalin 

1530 

67.2 

11,400 

7730 

March 

11. 1933 

45 minutes after 







1 mgm. adren- 

1 






alin 

3100 

70.7 

3,370 

2510 

March 

18, 1933 

Oxi'gen room, be- 







fore adrenalin 


38.4 

7.320 

6400 

March 

IS. 1933 

45 minutes after 







1 mgm. adren- 







alin 

1710 

60.6 

5,160 

3990 


to increase greatly the alr-eolar and blood COj 
levels, as well as to provide increased arterial 
oxygen saturation (Richards and Barach (6)). 
This probably occurs secondar)'- to diminished 
ventilation of alveolar spaces. Thus, in Patient 
F. S., the alveolar CO; increased from about 8 
per cent to about 11 per cent. So far as calcula- 
tions of residual air are concerned this effect 
should increase the alveolar nitrogen concentra- 
tion as compared with that of the inspired air; 
and this in turn will increase the correction factor 
prornded by our formula (see preceding paper) 
for residual air, a formula which includes alveolar 
values in the calculation. Table V demonstrates 
this. Another factor acting in this same direc- 
tion is the fact that the dirisor in the corrected 
formula (i.e., the difference betrveen nitrogen of 
alveolar air before and after the closed circuit 
breathing) is usually smaller when room air nitro- 
gen is only 60 per cent instead of 79.1 per cent. 

Even more striking are the effects of adrenalin, 
in this patient, upon the residual air figures, as 
shorni in Table V ; much greater than the corre- 
sponding changes in ratal capacit}'. The mecha- 
nism of this is not entirely clear. Presumably, 
some of the effect is due to more adequate ventila- 
tion of deep hypoventilated alveolar spaces; partly 
because of greater patenej- of air passages, partly 
because of the general h}'pen’entilation induced 
by adrenalin. 
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It should be emphasized that the wide dis- 
crepancies in these various figures for functional 
residual air occurred in cases of extreme emphy- 
sema. A group of less advanced cases might well 
have shown more consistent results with the 
method used. 

In conclusion, it seems clear that the unequal 
distribution of respiratory gases, which has been 
shown to exist in the lungs of emphysematous 
subjects, makes it difficult, if not impossible, to 
obtain reliable measurements of residual air with 
the method which we have used, of quiet breath- 
ing in a small closed circuit. Most of the errors 
appear to be in the direction of producing figures 
for residual air that are too large. 

We have been experimenting recently with a 
modified method, which includes a preliminary 
period of breathing pure oxygen, for the purpose 
of washing out the nitrogen of hypoventilated al- 
veolar spaces; followed by a period of closed- 
circuit breathing in which the volume of the sys- 
tem is kept constant, and in which the diluent inert 
gas is largely helium (with greater diffusing 
velocity). These experiments are not yet suffi- 
ciently advanced to be reported. 

' SUMMARY 

1. Subjects with small residual lung volumes 
have correspondingly small “ nitrogen lag ” within 
the lungs, after breathing through a small closed 
circuit whose total volume progressively di- 
minishes. By “nitrogen lag” is meant the ex- 
cess of concentration of nitrogen in inspired over 
that in expired air. 


2. Subjects with large residual lung volumes 
(emphysema) would be expected to have large 
“ nitrogen lag.” Due, however, to poor distribu- 
tion of tidal air through the lungs, this does not 
occur. 

3. In emphysematous subjects, poor distribu- 
tion of tidal air, with hypoventilation throughout 
a large part of the pulmonary air spaces, may pro- 
duce large errors in the determination of residual 
lung volumes by methods of quiet breathing in a 
closed circuit. 
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Bordet and Gengou (1), in 1906, perfonned 
serological tests on pertussis employing the or- 
ganisms which they discovered and claimed to be 
the causative agent of whooping cough as the 
antigen for the complement fixation test. The}' 
got a positive reaction in most cases of the disease. 
Yet, later investigations failed to confirm these 
results. 

Among those who confirmed their results were 
Renaux (2) who examined 73 cases, ChieUetz 
and Meyer (3) with 112 cases and Giese (4) 
with 123 cases. In recent years good results 
were reported particularly by German authors 
who employed a method which wll be described 
later. Keller, Klopstock and Klopstock (5) ex- 
amined 131 sera of 88 cases with pertussis; 77 
sera showed a positive reaction, 17 were doubtful, 
and 37 sera were negative. Gundel and Schluter 
(6, 7) reported a study of 70 pertussis patients; 
54 of these were positive, 3 doubtful, and 13 nega- 
tive. In a later series of cases they found that of 
140 sera from children with pertussis and sus- 
picious cases, 105 gave a positive reaction. The 
reason given to explain the negative reactions 
were, either that the children did not suffer from 
whooping cough or were too young or too sick to 
form antibodies. 

The method emplo 3 'ed by the German authors 
mentioned above consists in preparing an antigen 
by using whole pertussis bacilli supended in alco- 
hol to w'hich a small amount of lecithin is added. 
The addition of lecithin tends to render the result 
more specific and at the same time to decrease the 
anticomplementary effect of the antigen. In a re- 
cently published paper, Hansing (8), using the 
same method on the sera of 189 patients, found 
that 48 per cent were positive, 22 per cent doubt- 
ful, and 29 per cent negative. 

The failure of many workers to obtain good re- 
sults with complement fixation in pertussis may be 
explained by the fact that no method was av'ailable 


to differentiate bettveen pertussis and influenza 
bacilli. Only recently PoUtzld (9) found that 
Bordet-Gengou badlli grew well on a definitely 
acid medium (pH 5.0) whereas the Pfeiffer bacil- 
lus was inhibited by it. Furthermore, Gundel and 
Schluter (10) found that genuine pertussis badlli 
when injected intradermally into white rabbits al- 
ways produced severe necrosis while influenza 
bacilli only caused infiltration and eiythema. 

Because, in the past, there was uncertainty re- 
garding the differentiation of both organisms the 
proper antigen was not always employed for the 
complement fixation test. The agglutination 
method, on the other hand, did not prove success- 
ful owing to the insuffident amount of antibodies 
during the natural disease. Besides, spontaneous 
agglutination is often observed and nonspedfic re- 
sults thus obtained. If it could be shon-n that the 
complement fixation test becomes positive in 
pertussis and also follows the injections of bacillus 
pertussis, this would seem to be another point in 
favor of the Bordet-Gengou badllus as the eti- 
ological factor in whooping cough.^ 

The problems studied were the spedfidty' of the 
reaction, its value in the diagnosis of whooping 
cough, its occurrence during the disease and the 
duration of the antibody content. 

METHOD 

The complement fixation test was carried out in the 
manner employed by Dr. Thomson of this laboratory for 

1 MacDonald and MacDonald (17) produced experi- 
mental whooping cough in two htunans and protected two 
others by prophylactic injections of Sauer’s vaccine. All 
four children developed a positive complement fixation 
test while two non-immunes were negative. 

Sauer and Hambrecht (12) injected B. pertussis into 
the larjmx of five healthy j-oung monkeys and observed 
spontaneous paroxj'smal cough after a period of incuba- 
tion of from one to three weeks. 

Rich et al. (13) produced experimental whooping 
cough in apes. They found that the complement fixation 
test became positive during the period of cough- 
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the complement fixation test for gonorrhea. A test with 
a total volume of 0.5 cc. in each tube was used, the vari- 
ous dilutions of the reagents being added in quantities of 

0.1 cc. A 5 per cent suspension of red sheep cells, sensi- 
tized with 4 units of hemolytic amboceptor, was em- 
ployed. In all tests 2 units of complement were used. 
The sera were diluted 1 : S and inactivated for one-half 
hour at 56° C. Scrum and antigen controls were in- 
cluded in all tests. The reagents were titrated in the 
customary way,' Tlic time of fixation was 40 minutes in 
the water bath at 37° C. Twenty-five minutes after lidd- 
ing the sensitized cells all test tubes were centrifuged and 
final readings taken. The antigens were tested against 
positive antisera prepared by injecting rabbits intra- 
venously with increasing amounts of heat-killed or live 
pertussis bacilli. Three antigens were used during this 
study. All sera were examined with Antigen A while 
Antigen B and C were employed in the latter part of 
our investigation only. The antigens were prepared from 
3 different strains, 1, an old stock strain grown on choco- 
late agar; 2, an old stock strain grown continuously for 
several years on Bordet agar by Dr. Povitzki, and 3, a 
strain recently isolated by Miss Mishulow of this lab- 
oratory. It may be stated here that these three strains 
apparently belong to one type — Type B of the classifica- 
tion of Krumwiede, Mishulow and Oldenbusch (14), 
since most sera reacting positively with antigens prepared 
from one of the three strains also gave fixation with anti- 
gens derived from the other strains. There were, how- 
ever, occasional discrepancies, which could be accounted 
for by quantitative differences in the antigens, due to 
the method of preparation. 

The pertussis bacilli of Strain 1 were grown on three 
different media. 

1. Chocolate agar, prepared by adding about 15 per 
cent defibrinated horse blood to veal agar, pH 7.4, heat- 
ing the mixture gradually up to 70° C. and pouring plates 
at this temperature. 

2. Blood veal infusion agar, prepared by adding 30 per 
cent defibrinated horse blood to veal infusion agar (pH 
7.4). 

3. Unadjusted Bordet medium, pH 5.8 to 6.1, which 
was used as 3 per cent agar and to which 30 per cent 
defibrinated horse blood was added. 

No great differences in the antigenicity of Strain 1 
were observed in complement fixation tests while growing 
the organisms on any of the three media, though the 
authors found that the antigen grown on_ 30 per cent 
horse blood veal infusion agar was especially suitable. 
The two other strains employed in this work were grown 
on Bordet agar only. 

Antigen preparation 

A. Cultures of pertussis bacilli were grown on one of 
the media described above. After 48 to 72 hours incuba- 
tion at 37° C., the growth was washed off with a small 
amount of sterile physiological salt_ solution (0.85 per 
cent) and centrifuged for an hour in graduated centri- 
fuge tubes at 3,000 r.p.m. This suspension was mixed 


with 50 per cent alcohol in the proportion of 1 cc. of 
centrifuged organisms to 200 cc. of 50 per cent alcohol. 
Thus the supernatant fluid was retained in the above 
mixture. The bacilli were shaken vigorously for about 
20 minutes, using glass beads to break them up and then 
filtered through glass wool. Thus, a homogeneous sus- 
pension was obtained. Various amounts of 1 per cent 
Iccitliin were added to this stock antigen and tested in 
preliminary tests. After evaporating the alcohol in an 
evaporating dish, the bacilli were suspended in an amount 
of saline solution corresponding to the original volume. 
For instance, 1 cc. antigen was placed in an evaporating 
dish and, after evaporating the alcohol, was resuspended 
in 1 cc. of 0.85 per cent salt solution. The saline was 
added drop by drop and the rounded end of a test tube 
was used for bringing the dried material into suspension. 
In most experiments, an antigen dilution of 1:10 or 
1 : 15 was found suitable for performing the test. In 
some positive cases the antigens were further diluted 
1:20, 30, 40.... In using serum from an immunized 
rabbit or a strongly positive serum of a patient with 
whooping cough, one can determine the best dilution of 
the antigen to be used. 

B. This method is similar to that employed by Mc- 
Neil (18) for the preparation of gonococcus antigen. 
The 48 hours growth on unadjusted Bordet agar was 
scraped and put into about 10 times its volume of absolute 
alcohol. After mixing, it was centrifuged for 10 minutes, 
the alcohol poured off, fresh alcohol added, put into a 
water bath and stirred intermittently for 30 minutes at 
56° C. The alcohol was poured off, ether added, the 
mixture stirred intermittently for 30 minutes at room 
temperature, and then the tubes put into the ice box to 
settle for 15 minutes. The supernatant fluid was pipetted 
off, and the tubes centrifuged at the lowest speed for 2 
minutes with centrifuge lid open. The rest of the ether 
was poured off, the tubes returned to the ice box, and 
covered with a light sterile plug to dry. When thor- 
oughly dried, the material was pulverized and weighed. 
One gram dried powder was diluted in 200 cc. 0.85 per 
cent saline. The solution was then heated for 1 hour 
at 60° C. 

The antigen thus prepared was used by the authors in 
the first series of experiments in the following way: The 
antigens were diluted 1:15 to 1 : 20, heated for one-half 
hour at 56° C. and centrifuged for 10 minutes at low 
speed to remove coarse particles. In later experiments, 
however, the antigen was centrifuged, at high speed for 
40 to SO minutes and a translucent fluid was obtained 
which contained the soluble proteins of bacillus pertussis. 
This fluid was used undiluted in some tests (correspond- 
ing to an original dilution 1 ; 200) and in dilution of 1 : 2 
or 1:3 in others. The authors found that treating the 
fluid with N/20 HCI removed a considerable amount of 
protein, for after centrifuging, the clear supernatant 
fluid, on being neutralized with N/20 NaOH, exhibited 
no antigenic effect. 

C. Another method for preparing the antigen was : The 
48 to 72 hours’ growth of pertussis bacilli on Bordet agar 
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Considering all the single tests performed on 
children older than 1 year, the authors found 62 
positive, 7 doubtful and 16 negative results. 
Among the negative and doubtful results there 
were numerous sera from children coughing but 
2 weeks or less. Thus we find 73 per cent posi- 
tive results among all sera of children older than 

1 year, regardless of duration of cough. In all 
sera examined — including those of infants — the 
result was positive in 66 per cent only. Among 
the single specimens examined of children of 1 
year of age or older with a cough of more than 

2 weeks’ duration, about 80 per cent showed a 
positive complement fixation test. For diagnostic 
purposes, the test has a limited value because af- 
ter 2 weeks of cough the clinical and hematological 
findings are usually sufficient to establish the diag- 
nosis. There were, however, a few cases where 
the diagnosis could be made very early. 

In some children, we tried to compare the sero- 
logical finding with the clinical severity of the 
disease, in order to determine whether it has any 
prognostic significance. Only in a very limited 
number of cases could definite prognostic conclu- 
sions be drawn from the result of the complement 
fixation test. Severe cases with pneumonia and 
even fatal cases reacted negatively. Since these 
patients were infants, this result is not surprising. 
In other severe cases of pneumonia, the reaction 
was positive early. A more comprehensive study 
on a larger number of older infants, who are more 
likely to form antibodies, might possibly clear up 
this question. 

On the occasion of a small epidemic of whoop- 
ing cough in a children’s home, it was possible to 
examine the blood of 8 children vaccinated with 
various whooping cough vaccines a short time pre- 
viously, and that of 3 control children of the same 
institution. The 8 children (Cases 1 to 8 of Ta- 
ble III) had been coughing at the time of our 
examination for about 2^ to 3 weeks only. All 
of them had been vaccinated about three months 
prior to the disease. 

As may be seen from Table III, the blood of at 
least 7 of the vaccinated patients showed a con- 
siderable titer of complement fixing antibodies in 
spite of the short persistence of the cough. It is 
likely that the results have been influenced by the 
previous vaccination. Since a series of injections 
given to those children had been finished about 3 


TABLE III 

Results of complement fixation test in children with whooping 
cough who had been previously vaccinated 


Case 

number 

Arc 

Duration 
of cough 

Result 

1 

years 

4 

weeks 

2i 

+ + + + 

2 

3 1 

3 

+ + + + 

3 

u 

2h 

+ + + + 

4 

2} 

2i 

+ + 

5 

2 

2i 

+ + + + 

6 

14 months 

2i 

+ + + + 

7 

2 

2i 


8 

2i 

1 


+ + + + 


Controls 


1 

2 

3 

+ + + 

2 

2 

35 

+ 

3 

3 

3 

+ +++ 


months before the blood was examined, it is not 
likely that these children would have shown a 
positive complement fixation test at the outbreak 
of the epidemic. As will be demonstrated in an- 
other paper, the titers of most patients examined 
following the vaccination show a definite decline 
3 to 4 weeks after the last injection and in several 
children are completely negative 5 to 6 weeks fol- 
lowing the last injection of the whooping cough 
vaccine. It seems more likely that the antibody 
response in the group of children mentioned above 
represents a form of secondary stimulus in a pre- 
viousl)’- vaccinated individual. The 3 control cases 
do not justify any final statements as to the anti- 
body response in unvaccinated children (with re- 
gard to this epidemic), since their number is too 
small. It is noteworthy, however, that 2 of these 
3 children had a definitely lower titer of comple- 
ment fixing antibodies as compared with the vac- 
cinated patients. 

An attempt was made on several occasions to 
establish the duration of the positive serological 
findings following the end of the whooping cough 
period. Since, however, most of the ward pa- 
tients left the hospital 4 to 8 weeks after the be- 
ginning of the disease and failed to reappear in 
the clinic for bleedings, several months later, the 
number of cases available to settle this question 
was insufficient. Therefore, we examined chil- 
dren with various diseases whose history revealed 
a pertussis a short time previously. Table IV 
gives a survey of the results of the complement 
fixation tests on these patients. 
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TABLE IV 


Result cf cpmplcv, cut fixation tests in ehitdrcn loith a positive 
history of schoopin^ coii^h 


Case 

number 


Time elapsed 
»incc (rhewpinc 
coujli 

1 Diycafc 

i 

Result 

1 

yfcsTS 

7 

3 months 


0 

2 

7 

2 months 



3 

4 

2-3 months 

Chickenpox 

+++ 

4 

5 

2-3 months 

Chickenpox 

+ + + 

5 

6 

2-3 months 

+ 4-++ 

6 

7 

? 

Diphtheria 

+ + + 

7 

s 

1 year 


0 

s 

IH 

S-10 months 


+ + + 

9 

2 

1 year 


0 

to 

7 

2-3 years 


0 

11 

7 : 

1-2 years 

Parotitis 

-{- + 

12 

t 

2 Years 


0 

13 

5 

2-3 years 

Scarlet fever 

0 

14 

7 

2-3 years 

Scarlet fever 

++ 

15 

4 

2-3 Years 


0 

16 

61 

2 Years 

Measles 

0 

17 

41 

35 Years 


++ 

IS 

6 

5 years 




Judging from these obsen'ations, the reaction 
seems to remain positive for about 5 to 8 months 
after the actual disease. The blood of these chil- 
dren with a historj' of pertussis several years be- 
fore ordinarily failed to show fi.xation. It is not 
certain whether the positive findings on some of 
the children (as Case 6 of Table IV, where the 
exact time interval elapsed since the pertussis is 
not known, or as Case 17 and 18, where the chil- 
dren had suffered from the disease several years 
before), were actuall}'' caused by the whooping 
cough. The explanation for the positive findings 
in these cases may be analogous to that given for 
the adult cases described below. 

Besides the cases represented in Table TV, the 
authors were able to examine the sera from nor- 
mal children as well as those from children with 
various diseases with regard to, 1, previous 
whooping cough infection, and 2, the specificity 
of the complement fixation test in children. In 
cases of measles, the blood was taken during the 
first 3 to 4 days after the rash appeared, in scarlet 
fever — ^usually during the first two weeks of the 
illness, in tuberculosis — during different stages. 

From these experiments, it may be seen that in 
children free from whooping cough, a positive 
complement fixation test usually occurs for a lim- 
ited time only, after the end of the disease. How- 
ever, weakly positive or doubtful results were ob- 
served in some cases where there was no history 


TABLE v 

Results of complement fixation tests on children si'ith various 
diseases 


j 

Result 

Measles 

Scar- 

let 

fever 



Varicelhe 

0 

11 

38 ' 

6 1 

38 

6 

Doubtful 

Positive.. 

2 

1* 

2 1 

1* 

1* 

1 

4* (2 cases had per- 
tussis 2 to 3 
months before 
test) 


* WTiooping cough in the history. 


of pertussis. The various diseases mentioned in 
Table V, as measles, scarlet fever, chickenpox, 
tuberculosis, had no influence on the results of the 
test itself. Nonspecific reactions were of rare 
occurrence. 

Considering the complement fixation tests per- 
formed on all children, there was a total of 140 
cases, free of pertussis within the last 8 months or 
not previously immunized. Only 7 of these were 
positive, 7 doubtful and 126 negative. In other 
words, 5 per cent w’ere positive and 5 per cent 
doubtful, irrespective of a histor}' of whooping 
cough. However, most of these 14 cases had a 
positive historj' of pertussis. 

It would therefore appear that the complement 
fixation test in children, if positive, may be used 
as a diagnostic test. In a number of cases of 
whooping cough the diagnosis is often difficult, 
particularly when the patients are seen late in the 
disease at a time at which the cough plate is likely 
to be negative and the cough and blood cotmt may 
not be tj'pical. 

An additional advantage of the complement 
fixation test is the simplicity of the method. 

Different results, however, were obtained when 
we examined the sera of adults. These sera were 
taken from a number of healthy' adults, patients 
with syphilis, gonorrhea, and various other dis- 
eases (as well as sera from volunteers), and also 
from professional blood donors. The latter group 
was chosen because it comprises young, healthy' 
men only. Sufficient data as to a history' of per- 
tussis during childhood, could not be obtained in 
all cases. 

From Table VI it may be seen that if the -J— 1- 
results are disregarded, 76 cases out of 562, 13.5 
per cent, showed a strongly' positive complement 
fixation. 
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TABLE VI 

Results of complement fixation tests in healthy adults 


0 

+ 

-{-■f 

++ + 


Total 

447 

8 

31 

35 

41 

562 


This large percentage is rather surprising and 
cannot be explained on the basis of an amnesic 
serological reaction due to pertussis during child- 
hood. As has been stated above, the serological 
reaction remains positive for a limited time only. 

Besides, we tried to find whether there was any 
relationship between a history of pertussis in these 
adults and a positive complement fixation test. 
As far as could be ascertained, no such connection 
existed. Patients with a history of having had 
pertussis in childhood would show a completely 
negative reaction, whereas others who denied hav- 
ing had the disease showed complete fixation. 

The next question to be answered was : do the 
sera of these adults with a positive complement 
fixation test contain specific amboceptors against 
Bordet-Gengou bacilli or do they give nonspecific 
reactions? Absorption tests were performed, ac- 
cording to the method described above, on a num- 
ber of sera. It was found that the specific anti- 
bodies were removed after the sera was absorbed 
with pertussis bacilli suspensions. 

When some of the sera were tested against an 
influenza bacilli fixing reagent, prepared in the 
same way as is our Antigen A, the results were 
negative reactions. At the same time, absorption 
experiments with pertussis and influenza bacilli 
demonstrated that sera treated with the latter or- 
ganisms remained unchanged, while those treated 
with the pertussis bacilli showed a loss in the anti- 
bodies. Table VII gives an example of such an 
absorption experiment. 


TABLE VII 

Re,«U of, oomplemenlfixalio’, loot 


Serum unabsorbed 

Ab- 
sorbed 
■with B. 
per- 
tussis 


0 


0 

-1--}-/-}- + + 

0 

4- + + 

0 


0 


Case 

num- 

ber 


1 

2 

3 

4 

5 


Absorbed 

with 

B. influenzae 


-l-4--l-/+-b + -b 
-b-f" 

-b + 

+ + 

-b + -l- 


In other experiments, a positive complement 
fixation test carried out at low temperature indi- 
cated the specific character of the reaction, ac- 
cording to the conclusions of Gundel (10, 11) and 
Sachs (15) and coworkers. The method, as per- 
formed by us, confirmed the observation that the 
sera of normal healthy adults contained specific 
antibodies against pertussis bacilli. We cannot at 
present explain this finding. Some of these peo- 
ple may have suffered a short time ago from slight 
attacks of whooping cough, hardly noticeable clin- 
ically. Successive examinations of these adult 
sera for several months could possibly help to 
decide this question. In one instance, where it 
was possible to examine the sera of an individual 
(a laboratory technician) several times during 
one year, the complement fixation test did not 
change. 

We examined the sera of about 15 adults 
(nurses, physicians, technicians) who were fre- 
quently exposed to whooping cough. The per- 
centage of positive cases was about the same as in 
our group of normal adults. Further examina- 
tions are necessary to decide the question of the 
increase of complement fixation test by exposure 
without the development of pertussis disease. 

It is a well known fact that adults may acquire 
whooping cough. We may assume that some of 
the adults with a positive complement fixation 
test suffer from subclinical infections which give 
rise to antibody formation. In children, the in- 
fection probably leads to a manifest disease, and 
positive complement fixation without any connec- 
tion with whooping cough is rare. 

In examining a larger number of adult sera we 
had the opportunity of studying the sera of 20 
maternity patients. In all cases the blood from 
the umbilical cord was also tested. Sera from 
three of the women gave positive reactions. In 
these 3 instances there was a remarkable con- 
formity of the results, in that the specimens of 
serum from the umbilical cords exhibited • reac- 
tions almost identical with those obtained with the 
blood from the corresponding mother. 

TABLE VIII 

Results of complement fixation tests of maternal and cord blood 


Case number Maternal blood Cord blood 

1, W. E + + +++ 

2, Ca + + + + + 

3, Hi -b-{- + + 

4 to 20 Negative Negative 
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TABLE IX 

A titsbody response of adulls vaccinated anth Sauer’s vaccine 



Result of complement fixation test 

Dnc 

.M.ireh 13 

M.irch 20 

Mnnrh 27 

April 4 

April 12 

May 8 

Anliccnililution 


1 : 20 I 

: 10 

1 : 20 

1 : -10 

1 : 20 1:40 

1 : 20 I : 40 

1 ao 

X.ime 









n. Wa 

0 



+ -f + + 

++ + 

Same 



n. Br 

0 


+ 

+ -}- + + 

4-+ ' 

4-|-i-4- 4-4-4- 

i| » 4 *^ **| * *i| ■ »i|m> 


E. Ti 

0 

+++ 



++4-+ 

Same 


4-4-4- 

B. Sm 

0 

0 

0 

0 


0 

0 


S. Wi 

0 

-h-h++ 

+ 

+ - 1 -+ + 

4-4- 

4-4-4-4- 4-4-4- 



B. C 

-f-f 



+ +++ 

4- 4- 4- 4- 

+ 4 . 4 - 4 . +++ 

4-4-4- 



On March 13 and March 20 all patients received 30 billion organisms. 


These results seem to indicate that amboceptors 
against Bordet-Gengou bacilli can pass through 
the placenta. This fact, as far as we know, has 
not been observed as yet. In experiments with 
actively immunized rabbits, C. Bennholdt-Thom- 
sen (16) has shown that antipertussis antibodies 
can pass the placenta of these animals. 

In a number of adults injected with Sauer’s 
vaccine the serological response was studied. Ta- 
ble IX gives a survey of the results in a few pa- 
tients so treated. 

The antibody response in most vaccinated indi- 
viduals was immediate. The highest titer of anti- 
bodies was found 2 to 3 weeks following the last 
injection. Since it was not possible to follow up 
all these cases after vaccination, no final conclu- 
sion should be drawn. It is remarkable that from 
a group of 17 patients treated with Sauer’s vac- 
cine, 4 failed to show any antibody response, and 
this, in spite of the fact that they had received 30 
billion organisms or 60 billions, depending on 
whether they got one or tivo injections. 

No difference was obsen'ed in the titers and the 
rate of antibody formation behveen those adults 
harung had whooping cough in childhood and 
those with a negative histor}% 

In another paper to be published soon, more 
data on whooping cough vaccination will be re- 
ported. 

CONCLUSIONS 

1. The complement fixation test in pertussis, as 
described in this paper, represents a fairly specific 
serological test giving positive results in about 80 
per cent of the cases with whooping cough above 
1 year of age and after the second week of cough. 


2. The test in most cases becomes positive to- 
wards the end of the second week of the disease 
and usually remains positive for about 5 to 8 
months following the cough. 

3. In about 90 per cent of normal children the 
complement fixation test was negative irrespective 
of a previous history of pertussis. Five per cent 
gave doubtful and 5 per cent positive results. 
Thus the complement fixation test, if positive, is 
of value, as a diagnostic test in whooping cough. 

4. In at least 13 per cent of normal healthy 
adults, positive reactions were also obseiwed. Ab- 
sorption experiments and fixation tests at low 
temperature proved these antibodies to be specific. 
No relation exists beriveen the findings in normal 
adults and a positive histoiy of pertussis. 

5. In comparable tests with maternal blood and 
that obtained from umbilical cords, the results 
suggest that specific antibodies against Bordet- 
Gengou bacilli passed through the placenta. 

6. Some data on vaccination of adults with 
Sauer’s vaccine are given in this paper. 

The cases of whooping cough were from the service 
of Dr. Sylvian Lazarus to whom we are much indebted. 
We are also indebted to Dr. Spielholz and Dr. Chargin 
for their very kind cooperation. We further wish to 
thank Dr. Thomson of the Department of Health Lab- 
oratories, for furnishing the reagents for the comple- 
ment titration and Mr. Koopmann, who supplied most 
of the adult sera. 
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Nunicfmis tests for cnrcliric ofilcieiicy litivc Iteen 
])ro]K)sc(l in tiie ])ast, Init relatively little attention 
lias been foctised upon breatlilessne.ss in patients 
with respiratory disorders. Eundainental studies 
of the ini])ortance of ventilation in heart disease 
have been made by Pc.ahody and his fellow work- 
ers (1). 'I'liey demonstrated that the degree of 
dys])nea was ])ro|)ortional to the reduction in the 
vital capacity and in the “ jtulmonary reserve.” 
Harrison and his coworkers (2) recently have 
studied very thoroughly the pathogenesis of car- 
diac dyspnea on exertion. They suhstantiated the 
work of Peabody in that “ a person hccomes short 
of breath when his actual volume of hreathing be- 
comes more than a certain fraction of his maxi- 
mum possible volume and the closer the actual 
ventilation approaches the maximum possible 
ventilation the severer dyspnea hccomes.” In 
addition, the)' found that the degree of dyspnea 
was fairly closely proportional to the expression 
total ventilation 

■ vital capacity ^ 

the ventilation index. 

In regard to the pathogenesis of dyspnea in 
heart disease these investigators believed that it 
is of nervous origin, due to refle.x stimulation of 
respiration from the muscles, heart and lungs. 
Christie and Meakins (3) by measuring the pul- 
monary elasticity and distensibility came to a simi- 
lar conclusion that breathlessness in patients with 
heart disease can be explained on the basis of 
increased sensitivity of the Hering-Breuer reflex 
due to a decrease in the distensibility of the lungs. 

Observations on the respiratory response dur- 
ing exercise on cases other than heart disease have 
been few in number. Campbell and Poulton (4) 
investigated this question in cases of chronic bron- 
chitis and found that at rest the minute volume 
and respiratory rate were increased and during 
e.xertion were higher and more prolonged in the 
group of patients than in the controls. 


Attempts have been made to utilize the existing 
liulmonary reserve by means of the maximum 
ventilation in order to determine pulmonar}' func- 
tion. Sttirgis, Peabody, Hall and Fremont-Smith 
(5) were among the first to obtain the maximum 
ventilation in response to exercise in normal indi- 
viduals. Their results showed that the average 
value for the maximum ventilation was 60.5 liters 
or approximately 12 times the average breathing 
volume of such a group at rest. These values 
were obtained by increasing the respiratory rate 
to 35 per minute and their tidal volume to 33 per 
cent of the vital capacity. Hermannsen (6), Jan- 
sen, Kni])ping and Stromberger (7) considered 
that these values were too low and believed that 
100 to 150 liters represented the maximum minute 
ventilation for male subjects. Marzahn, Gilbeau 
and Zaeper (8) found in 49 normal individuals 
that the average maximum ventilation was 70 
liters per minute with an average vital capacity of 
3.8 liters. In a series of patients with pulmonary 
empltysema they found the pulmonary reserve 
greatly reduced. 

The respiratory exchange of gases has also been 
the subject of extensive investigations in heart 
disease, in an attempt to measure the degree of 
dyspnea. Herbst (9) studied the amount of oxy- 
gen which was absorbed per liter of air inspired, 
and found that the “ utilization coefficient ” 
(amount of oxygen retained by the body out of 
one liter of inspired air) was reduced in cases of 
cardiac insufficiency when resting. Knipping, 
Lewis and Moncrieff (10) and Knipping and 
Moncrieff (11) applied the “ventilation equiva- 
lent for o.xygen ” (the volume of inspired air that 
gives up 100 cubic centimeters of oxygen to the 
body) to cases of cardiac and respiratory diseases. 
In heart disease, they found that at rest this e.x- 
pression was raised roughly in proportion to the 
degree of failure present and that on physical 
exertion there was a further increase, due to the 
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fact that the minute volume increased out of pro- 
portion to the oxygen consumed. In 2 cases of 
pneumonia the value for the equivalent was ele- 
vated, but in isolated cases of pulmonary tubercu- 
losis they concluded that the test was of no par- 
ticular value. 

Moncrieff (12) recently studied 86 patients 
with chronic respiratory disease. He divided the 
patients into five groups on the basis of clinical 
details, and found that as respiratory efficiency 
was reduced, there was a reduction in the vital 
capacity and the “ dead space ” represented a 
larger portion of the tidal air. The ventilation 
equivalent for oxygen, however, showed consid- 
erable irregularity. 

In order to measure the degree of dyspnea by 
objective means and to understand better the 
pathogenesis of shortness of breath in patients 
with chronic pulmonary disease, the present in- 


vestigation was undertaken. 'riic ventilation, 
respiratory rate, tidal volume, oxygen consump- 
tion and carI)on dioxide i)roduction were deter- 
mined during a standard form of exercise in 20 
normal subjects and in 28 patients with cardio- 
respiratory abnormalities. These results were 
correlated with anatomical measurements of the 
lungs and chest and with the gaseous content of 
the arterial blood. The results are presented in 
this communication. 

METHODS 

In general, tlic metliocl in tliesc experiments was to 
collect the expired air at rest, during five minutes of 
exercise and 3 minutes thereafter. In order that each 
subject might perform equal amounts of work, an ac- 
curateh' caliiwated stationary bicycle ergometer was used 
(Figure 1). On the main shaft of the ergometer were 
mounted a heavy fly wheel and an electrical brake. An 
automobile speedometer was used as a speed indicator, 



Fig. 1. Bicycle Ergometer. 


A. Mouthpiece with a set of flutter valves. B. Tissot spirometers. C. Recording drums. D. Rheostats to 
control the current through the electromagnets of the electrical brake. E. Lever arm of the electrical bra 'e. 

Fly wheel. G. Electrical brake. 
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the face of whidi could be readily seen by the subject by 
means of a mirror. Above the bicycle and suspended 
from the ccilins: of the room was a mouthpiece with a 
set of flutter valves, so arranged that, during inspiration, 
air was withdrawn from the room and during expiration 
it was directed by means of an expiratory valve through 
a large corrugated rubber tubing to a three-way valve. 
The connections from the s-alvc were arranged so that 
the expired air could be collected either in a ISO liter or 
in a 550 liter Tissot spirometer. Both spirometers were 
equipped with recording pens and revolving drums. 

The course of the experiments was as follows: the 
subject rested on a chair close to the crgoinctcr for 20 
minutes, following which he rested an additional 5 min- 
utes on the scat of the bicycle. The mouthpiece was then 
connected and the nose clip was adjusted. The three-way 
valve was turned so that the air \\’as collected for 4 or 
5 minutes in the small spirometer. After this period the 
air was expelled and the procedure repeated. Finally, 
during the third collection, the period was accurately 
clocked by a stop watch and the number and volume of 
each respiration were recorded on the revolving drum. 
At the end of this period the mouthpiece was discon- 
nected. Samples of the expired air were then withdrawn 
from the spirometer and analyzed later for carbon diox- 
ide and oxygen according to the method described by 
Van Slyke and Sendroy (13). Duplicate determinations 
were made on each sample. 

The mouthpiece was then reconnected and during rest 
the expired air was collected in the large spirometer for 
one minute. Exactly at the end of that time the subject 
was given the command “ride.” He was instructed be- 
forehand to pedal so that the speedometer registered 30 
miles per hour, which corresponded to 67 revolutions of 
the pedals and 167.5 revolutions of the shaft per minute. 
At this speed the resistance of the ergometer without a 
load was 108 kilogrammeters per minute. Weights were 
so adjusted on the lever arm of the electrical brake that 
the sum of the resistance of the ergometer and the effect 
of the brake equalled 300 kilogrammeters per minute. 
The subject continued to pedal for five minutes, at the 
end of rvhich time he was given the command “stop,” 
The air was collected in the spirometers during the five 
minutes of exercise and three minutes of rest thereafter. 

After the subject rested for 30 minutes, greater 
amoimts of work were performed for a similar period 
of time. In the final run, the subject was asked to ride 
the bicycle as long and as fast as possible, until a state 
of complete exhaustion was reached. 

At the completion of each exercise the subject was 
questioned concerning respiratory distress, muscle fa- 
tigue and other symptoms. 

The records were measured and the ventilation and 
respiratory rate and average tidal volume were deter- 
mined for each one-half minute. The volumes were re- 
duced to standard temperature and barometric pressure. 

The maximum minute ventilation was obtained by 
averaging the ventilation during the last one and one- 
half minutes of maximum exertion, and the pulmonary 


reserve determined by subtracting the average minute 
ventilation at rest from the maximum minute ventilation. 

The methods of determining the residual air and other 
components of the total pulmonary capacity as well as 
the methods of radiographic technique and measurements 
have been described elsewhere (14, 15). The vital capac- 
ity was determined both in the lying and sitting positions. 

Blood was obtained from the radial artery and stored 
over mercury in ice water until the analyses were made. 
Both before and immediately after exercise the blood was 
secured while the patient was in a semi-recumbent posi- 
tion. 

MATERIAL 

This series includes 20 normal subjects, be- 
tween the ages of 18 and 48 years. The history 
and physical and fluoroscopic examinations re- 
vealed that they were free of any discernible dis- 
ease. Of the remaining 28 cases, 11 had varying 
degrees of pulmonary fibrosis, most of which were 
due to the inhalation of silica; 8 cases of emphy- 
sema, all of which except one had histories of 
repeated attacks of bronchial asthma and 4 of 
these had co-existing pulmonary fibrosis; 2 cases 
of chronic bronchitis; 2 cases with histories of 
attacks of bronchial asthma since childhood, but 
at the time of examination apparently normal ex- 
cept for clubbing of the fingers in one (H. S.) ; 
and five cases of rheumatic heart disease (Ta- 
ble I). 

Complete medical histories were taken and 
physical examinations were made in each case. 
None of the patients with pulmonary fibrosis had 
symptoms or signs of active pulmonary tubercu- 
losis, but many had superimposed bronchial infec- 
tions and one (S. B.) had repeated attacks of 
bronchopneumonia during the past 3 years. Two 
of the patients (S. W., J. B.) had definite evi- 
dence of complicating heart disease. Cough and 
dyspnea on exertion were the two most common 
symptoms, while clubbing of the fingers was a 
rarity. The cases of fibrosis were grouped ac- 
cording to the lesion as seen by the radiograph and 
recently described by McCann, Hurtado, Kaltrei- 
der and Fray (16). Varying degrees of emphy- 
sema, as evidenced by the increase in the residual 
air, was shown by the patients with pulmonary 
emphysema. All the patients with heart disease 
had mitral stenosis and insufficiency of rheumatic 
origin and one (S. V.) had in addition aortic 
stenosis and incompetency. Two of the cases 
(W. C., J. W.) had mild congestive failure, while 



TABLE I 

The pulmonary capacity, expansion of the chest ani arterial blood in pulmonary fibrosis and emphysema and heart disease 
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tidal volume, ,The patients with cardiorespiratory 
disorders are contrasted with the normal subjects 
in respect to minute volume per square meter of 
body surface area, respiratory rate and tidal vol- 
ume (Figure 2). At rest, the average minute 
volume of the patients with fibrosis was 6.1 liters 
or 36 per cent higher than the average value for 
the normals. The average minute ventilation for 
the patients with heart disease was 16 per cent 
higher than the normal controls, while that of in- 
dividuals with emphysema was 3 per cent higher. 

As a result of moderate exercise (300 kilogram- 
meters per minute for five minutes), the minute 
volume was increased in all groups, but it reached 
a considerably higher level in the patients with 
heart disease and those with fibrosis than it did 
in the patients with emphysema and the controls 
(Figure 2). During the fifth and last minute of 
exercise the average minute volumes for the cases 
with fibrosis and heart disease were 41 and 54 
per cent respectively higher than the controls, 
while in the patients with emphysema it was only 
16 per cent higher. 

After three minutes of rest the average values 
for the minute ventilation were much higher in 
the three groups than in the normal subjects. 

The respiratory rate at rest was considerably 
higher in the patients with fibrosis than the nor- 
mals, while the rates of the other two groups were 
only slightly higher. During exercise, the rate 
increased in all groups, but the increment was 
much greater in the patients with heart disease 
and fibrosis than in the other two groups. At the 
end of three minutes of rest, the respiratory rate 
remained elevated in the cases of cardiorespiratory 
disease, while it returned to the resting level in 
the control group. 

There were equally marked changes in the tidal 
volume during exertion in the four groups. ^ At 
rest, the volume of each respiration was essentially 
the same for the normal subjects and for those 
with heart disease and emphysema, while the indi- 
viduals with fibrosis had somewhat smaller tidal 
volume. During exercise the increase in the tidal 
volume was greater in the controls than in the pa- 
tients with cardiac or pulmonary disorders. The 
smallest increase was in the patients with fibrosis. 

An analysis of the second part of Figure 2 
shows that in patients who develop dyspnea on 
moderate or slight exertion, the minute volume 


and the respiratory rate were greater while the 
tidal volume was smaller during exercise than in 
those patients and normal subjects who develop 
shortness of breath only on severe exertion. 

It appears, then, from these results that there 
is a tendency for higher minute volumes to be 
associated with higher respiratory rates and 
smaller tidal volumes. These observations cor- 
roborate the studies of Peabody and Sturgis (19) 
on heart disease. The close similarity of the pa- 
tients with pulmonary fibrosis and those with 
heart disease in respect to ventilation during exer- 
cise is striking. 


The relation of the expression, 


total ventilation 
vital capacity 
to dyspnea. In Table II are presented the results 
of the total ventilation for 5 minutes of exercise 
and the following 3 minutes of rest per square me- 
ter of body surface area. While performing 1500 
kilogrammeters in 5 minutes, the average value 
for the 20 normal subjects was 83 liters with ex- 
tremes of 60 and 104 liters per square meter. In 
11 cases of fibrosis the total ventilation was 
greater than that of the controls with an average 
value of 114 and extremes of 88 and 173 liters 
per square meter. Similar values were obtained 
for the 5 patients with heart disease, while 8 pa- 
tients with emphysema showed values midway be- 
tween the normal subjects and those with heart 
disease and fibrosis. 

When the patients are arranged according to 
their disability as estimated from the history, the 

, . total ventilation . ^ , 

values for increased as dyspnea 

surface area 

is more readily produced. The average value for 
the subjects in Group B, none of whom com- 
plained of dyspnea while performing 1500 kilo- 
grammeters in 5 minutes, was 96, with extreme 
variations of 74 and 118 liters. In Group C all 
the individuals except two (R. P. and D. V.) 
complained of breathlessness while performing 
this amount of exercise, and the average value for 
the group was 108 liters. All the patients in 
Group D noticed dyspnea, and the average value 
was 114 liters. There was considerable over- 
lapping of the values for the total ventilation in 
this series as shown in Table III. Thus it appears 

that is only roughly proportional 

surface area 

to the degree of dyspnea. These results substan- 



TABLE H 

The response of vctililalion during moderate and severe exertion 
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TABLE III 

Ventilatory response during exercise related to the degree of dyspnea 
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M.M.V, = maximum minute ventilation. 




























































































RKSriRATORY RKSPONSE IN EMPHYSEMA 


31 


tialc tlic findings of Harrison and his coworkers 
(2) in heart disease. 

Peabody (1) called atlcnlion to the relation- 
ship between the vital capacity and the degree of 
dyspnea in heart disease. It has been shown by 
Hurtado et al. (17, IS) that this relationship holds 
true in cases of pulnionar)' emphysema and fibro- 
sis. In this series of cases the relationship be- 
tween the vital capacity and the ease with which 
dyspnea is produced is shown in Table HI. 
W^hen the observed vital capacity was less than 
70 per cent of the predicted, hy the formula of 
Hurtado and Fray (15), dyspnea was nearly al- 
ways produced by moderate physical exertion. 

Harrison and others (20) found that the de- 
gree of dyspnea in heart disease was more closely 

, , , . total ventilation . 

related to the expression — : — ; r — than to 

vital capacity 


either of these factors alone. The results of this 

V 

series of cases are very similar to those reported 
by these investigators. The values for this ex- 
pression while performing work are given in 
Table II and Figure 3. At any value below 40 

... . total ventilation ^ 

for the expression — ; — ; r — none of the 

vital capacity 

individuals complained of dyspnea, while at val- 
ues between 40 and 66 mild dyspnea was noted. 
The average value at which breathlessness was 
noted in all the normal subjects was 51. As the 
values for this expression increased the degree 
of dyspnea became more marked, so that when 
they approximated 80 moderate to severe distress 
was experienced. None of the normal subjects 
noticed shortness of breath while performing 300 
kilogrammeters per minute for 5 minutes and all 
the values were below 48. As the amount of 



A normal 

B DYSPNEA OH SEVERE CXCRTIDN 
C OrSPHEA ON MOOERAIt tXERTION 
0 DYSPNEA ON SLIGHT EXCRTIOH 



WORK- KG.M./MIN. 


300 KG.M./MIN. 



T- ^ -o - T- Total Ventilation 

Fig. 3. Relationships between the Expression, — rr , Work 

' Vital Capacity 
AND THE Level of Dyspnea. • 


The area shaded with dots represents the range of values for the normal 
subjects. The horizontal lines through the various symbols designate the value 
at which dyspnea was noticed. 
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Fig. 4 . Rexationships between the Ratio 


Minute Ventilation 


Maximum Minute Ventilation 
Work and the Level of Dyspnea. 


X 100, 


The dotted area represents the range of values for the normal subjects. The hori- 
zontal lines at the various symbols designate the value at which dyspnea was noticed. 
The observed values for the maximum minute ventilation were used in the ratio, where 
the symbols are connected by unbroken lines, while the predicted values were used where 
the symbols are joined by broken lines. 


tained in patients with heart disease. However, 
if this volume is predicted from the observed vital 
capacity and the minute ventilation is then ex- 
pressed as percentage of the maximal ventilation, 
the values increased during moderate exertion 
from 41 per cent in the case of J. O., who was 
compensated, to 100 per cent in the case of A. B. 
who was in a state of congestive failure. The 
values for the pulmonary reserve ranged from 
62 liters in the former to 46 in the latter. 

It is of interest to compare the pulmonary re- 
serve of these individuals when they are grouped 
according to the disability as estimated from their 
clinical findings. This comparison is shown in 
Figure 5 The maximum minute ventilation of 
Group a’ ( normal subjects) was 71 liters and the 


minute volume at rest was 8 liters or a reserve 
of 63 liters. As the clinical condition progres- 
sively became worse, the pulmonary reserve de- 
creased, so that the individuals in Group D 
(dyspnea on slight exertion) had a maximum 
minute ventilation of only 38 liters and a reserve 
of 28 liters. When the minute volume at rest was 
expressed as percentage of the maximum volume, 
there was a gradual increase in the percentage 
from 12.4 in the normal subjects to 25.7 in the 
individuals who developed dyspnea on slight ex- 
ertion. It is evident that the reduction in pul- 
monary reserve in those more severely disabled, 
was due to two factors, reduction in the maximum 
minute ventilation and an increase in the ventila- 
tion at rest. 
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During niodcrntc physical exertion tlie normal 
ubjccts utilij^ed only 35 per cent of the maximal 
'entilation. None of them complained of dysp- 
ica as they still retained 24 per cent of their 
symptomatic reserve. Although the individuals 
n Group B were actually using 12 per cent more 
»f their maximal ventilation than the controls, 
lyspnea was not noticed as they still had an 
isymplomatic reserve of 12 per cent. The situa- 
ion, however, was quite different in Groups C 
ind D. Here the individuals during moderate 
:xertion had not only exhausted their reserve 
ivithout symptoms hut had greatly encroached 
ipon their reserve with symptoms, and shortness 
)f breath was complained of by all but two pa- 
ients in Group C and by all in Group D. 

Similar results were found when the values for 
he maximum minute ventilation were predicted 
n each case, Figure 5. 


The ventilation equivalent for oxygen. Forty- 
six subjects were studied in reference to the 
ventilation per. 100 cc., oxygen absorbed under 
conditions of rest, and during the fifth minute 
of moderate physical exertion (Tables III and 
IV). The average value for the ventilation of 
normal individuals was 2.40 liters per 100 cc. 
oxygen absorbed, with extremes of 1.83 and 3.98 
liters. These values are in close agreement with 
those reported by Knipping and Moncrieff (11). 
The average values for this equivalent were in- 
creased in all groups of patients with cardiores- 
piratory disease. The average value in the group 
with fibrosis was 3.15 with extremes of 2.23 and 
4.40 liters, while in that with emphysema it was 
slightly lower, 2.98 liters. Equally high values 
were found in the group of five patients with 
heart disease. 

During moderate physical activity the ventila- 
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Fig. 5. The Pulmonary Reserve Expressed in Relative and Absolute Values for 
Normal Subjects and Cases of Chronic Pulmonary Disease and Heart Disease. 


Moderate exertion refers to 300 kilogrammeters per minute for five minutes. A 
designates normal subjects; B, patients who develop dyspnea on severe exertion; C, dysp- 
nea on moderate exertion; and D, dyspnea on slight exertion. 
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TABLE IV 


Ventilation cgiiivalent for oxygen 


Ventilation equivalent* 

Rest Exercise 

Normal 

2.40 

1.83-3.98 

1.86 

1.37-2.20 

Fibrosis 



1. R. D 

3.39 

2.58 

2. L. S 

2.S4 

2.14 

3. W. S 

2.59 

2.79 

4. R. A 

3.82 

2.31 

5. S. B 

4.40 

2.73 

6. R. P 

2.76 

2.00 

7. D. V 

2.23 

2.37 

8. D. E 


2.93 

9. M. M 

3.55 

4.16 

10. S. W 

3.07 

2.16 

11. G. H 



Average 

3.15 

2.62 


Emphysema 


J. 

13. E. W 

2.97 

2.37 

14. M. M 

2.30 

2.05 

15. J. H 

3.37 

3.68 

16. S. R 

3.59 

2.31 

•17. F. S 

2.73 

2.22 

18. H. H 

2.33 

2.21 

19. A. D 

3.58 

2.97 

Average 

2.98 

2.54 

20. R. C 

2.11 

1.85 

21. E. N 

2.81 

2.51 

22. J. R 

3.55 

1.96 

23. H. S 

2.76 

1.72 


Heart disease 



24. J. 0 

2.52 

2.26 

25. S. V 

2.15 

2.17 

26. J. W 

2.87 

2.92 

27. W. C 

4.08 

3.59 

28. A. B 

3.37 

5.74 


Average 3.00 3.34 


* Ventilation in liters per 100 cc. O 2 absorbed. 


tion equivalent for oxygen fell in all groups ex- 
cept one, patients with heart disease, in which the 
values increased from 3.0 to 3.34 liters. Knip- 
ping and Moncrieff found that during physical 
exertion the values for the equivalent remained 
the same in normal subjects, but increased in pa 
tients with heart disease. In the patient A. B., 
who had decompensated rheumatic heart disease, 
the value rose from 3.37 at rest to 5.74 liters 
during exercise, while in the patient J. O., who 
developed dyspnea only on severe exertion, the 
value fell from 2.52 at rest to 2.26 liters during 

exertion. . . 

An analysis of the results in these patients with 

pulmonary disease when they are arranged in 


groups according to their disability, showed that 
at rest the average value for this equivalent in- 
creased from 2.4 liters in Group A, to 3.36 liters 
in Group D. Similar changes were noted during 
moderate exertion. Although the average values 
increased as the clinical condition became worse, 
there were marked individual variations and the 
overlapping among the several groups was 
marked. It appears that it is only a fair measure 
of the degree of dyspnea. 

Oxygen in the arterial blood before and after 
exercise. Blood was obtained from the radial 
artery at rest and immediately after moderate 
severe exercise. The results in 9 cases (7 cases 
with pulmonary fibrosis and 2 with emphysema 
and fibrosis) are presented in Table V. In all 


TABLE V 

Arterial blood before and immediately after exercise 



Carbon 

dioxide 

content 

Oij'gen 

content 

Oxygen 

capacity 

Oxygen 

saturation 

Hemoglobin 
per 100 cc. 


Be- 

fore 

After 

Be- 

fore 

After 

Be- 

fore 

After 

Be- 

fore 

After 

Be- 

fore 

After 


roi- 

rol- 

toU 

rol- 

rol- 

to!- 






times 

times 

umes 

times 

times 

times 

per 

per 

grams 



per 

per 

per 

per 

per 

per 

cent 

cent 



cent 

cent 

cent 

cent 

cent 

cent 





5. S.B.... 

44,3 

39.4 

16.6 

17.9 

17.9 

18.7 

92.0 

05.7 

13.3 


6. R. P... 

47.6 

34.8 

17.5 

18.7 

18.6 

20.3 

94.0 

92.1 

13.9 

15.2 

8. D.E... 

49..6 

39.9 

LM 

17.9 

17.8 

19.2 

84.7 

93.2 

13.3 

14.3 

9. M. M. . 

42.6 

32.2 

17.2 

19.3 

18.5 

20.3 

93.0 

95.2 

13.8 

15.1 

10. S.W... 

49.3 

48.3 

19.8 

19.3 

27.7 

25.2 

71.8 

76.7 

20.6 

18.8 

18. 

48.3 

37.6 

19.3 

20.5 

20.6 

21.9 

94.1 

03.5 

15.3 

18.4 

29. L. F. . . 

44.7 

40.4 

17.5 

18.3 

20 4 

20.0 

85.9 

91.3 

15.2 

14.9 

30. 

48.4 

37.6 

18.4 

18.9 

20.0 

22.1 

91.9 

85.3 

14.9 

16.5 

31. C.P. .. 

41.0 

43.7 

21.4 

20.4 

21.8 

22.9 

97.7 

88.9 

16.3 

17.1 


but one case (C. P.), the carbon dioxide content 
was less after exercise than immediately before. 
The oxygen content of the arterial blood increased 
following exercise in all but two cases (S. W. and 
C. P.) while the oxygen capacity showed a rela- 
tively smaller increase in most of the cases so 
that the oxygen saturation was increased follow- 
ing exercise in all but 3 cases. There was a 
marked decrease in the oxygen saturation follow- 
ing exercise in 2 cases and a slight fall in two 
others. All the other individuals responded as 
normal subj'ects, i.e., increase in the oxygen con- 
tent and capacity with a slight rise in the oxygen 
saturation (Himwich and Barr (23)). 

Observations of this nature in patients with 
chronic respiratory disease are not numerous. 
Himwich and Loebel (24) found in three patients 
with pulmonary emphysema that the oxygen con- 
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tent increased slightly after moderate exercise in 
two mild eases while in the third case there was 
marked reduction in the oxygen saturation as 
well as in its content. After exhausting exer- 
cise the saturation of hemoglobin may fall slightly 
even in normal subjects (24). Similar decrease 
was noted by Harrop (25) in a convalescent pa- 
tient and also in three patients with polycythemia 
(Harrop and Heath (26)). 

Numerous investigators have shown that almost 
invariabl)' the hemoglobin and the red blood cells 
increase in both the venous and arterial blood fol- 
lowing exercise, both in normal subjects and in 
patients with various diseases. The red blood 
cells, hematocrit and viscosity of the arterial blood 
was determined in 3 cases before and after exer- 
cise and in each case they were found to be in- 
creased following moderate effort. 

DISCUSSION 

From the results presented, it appears that in 
patients with cardiorespiratory disorders the de- 
gree of dyspnea during effort can be expressed 
fairly accurately in quantitative terms by means 

c .. • total ventilation , , , 

of the expression — t—. : — and the pul- 

vital capacity 

monary reserve. The factors responsible for in- 
creased ventilation at rest and for the appearance 
of dyspnea during moderate exertion in cases of 
heart disease have been amply discussed by Pea- 
body and his associates (1), Harrison and his 
coworkers (2) and Christie and Meakins (3). It 
is our purpose to discuss similar factors responsi- 
ble for the increase in total ventilation and the 
reduction in pulmonary reserve, which are usually 
associated with the appearance of breathlessness 
on moderate effort in patients with chronic pul- 
monary disease. 

The greater increase in total ventilation in car- 
diac patients over the normal controls during 
moderate effort has been shown to be due in part 
to reflex stimulation of respiration by afferent im- 
pulses arising in the heart and lungs (2, 3). Al- 
though no direct measurements of the rigidity of 
the lung have been made in fibrosis, it is reason- 
able to suppose that, due to anatomical changes in 
this organ, there is decreased distensibility which 
may well cause increased sensitivity of these re- 
flexes. Harrison and his coworkers (2) believed 


that an initially high venous pressure and subse- 
quent increase in this pressure during exercise in 
heart disease over that of the normal controls 
were important factors in the high total ventila- 
tion in such cases. In our series the venous pres- 
sure was elevated above the normal limits in 3 of 
the patients with heart disease, but it was not ele- 
vated above the limits of normal in any of the 5 
cases of uncomplicated pneumonokoniosis in 
which it was measured. Thus far there has been 
no evidence presented in the literature that would 
indicate the heart is demonstrably involved in 
pneumonokoniosis which is uncomplicated by in- 
fection. Brooks (27), working in our laboratory, 
found that the cardiac output in patients with 
fibrosis was unaltered at rest and recently Miller 
(28) found that the blood velocity in such cases 
uncomplicated by heart failure was normal in 
contrast to those with heart disease where it was 
prolonged. Therefore, one is inclined to believe 
that the lungs rather than the heart are responsible 
for the reflex stimulation of respiration in cases 
of fibrosis. Several of the cases in this group had 
cardiac involvement and here additional factors 
are responsible for the increase in total ventilation. 
Not infrequently an extensive diffuse fibrosis with 
or without emphysema may give rise to hyper- 
trophy of the right heart and later failure as a 
result of increased pressure in the lesser circuit 
due to a great reduction in the capillary bed of the 
lungs. Two of the patients (S. W. and J. B.) of 
this series fall into this category. 

Factors such as increasing carbon dioxide ten- 
sion and changes in acid base balance, in addition 
to those mentioned above, probably play a role in 
the production of dyspnea, but as Wiggers (29) 
wrote, " Until methods are devised which enable 
the experimenter to follow successive changes in 
carbon dioxide and alkali within shorter intervals 
of time, we may consider it probable that small 
transient variations are still being overlooked by 
the experimenter but not by the vigilant respira- 
tory center.” Another factor which seems of im- 
portance, which has been totally neglected, is the 
effect of cardiorespiratory disease on the mechani- 
cal efficiency of the human body as a machine, 
that is, on the ratio of energy converted into 
external work to total energy expenditure. 

Aside from the above changes, the point of 
onset of dyspnea will vary in different individuals 
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according to the vital capacity. Peabody and his 
associates (1) have shown that the appearance of 
dyspnea is more closely related to the vital capac- 
ity than to the total ventilation. In cases of heart 
disease they found that dyspnea was proportional 
to the decrease in vital capacity. Hurtado et al. 
(17) drew similar conclusions in a study of pa- 
tients with pulmonary fibrosis. The reduction of 
the vital capacity in the latter affection is probably 
due to the encroachment of fibrous tissue upon the 
functioning alveolar air spaces and by fixation of 
the diaphragm and ribs by pleural adhesions, 
thereby limiting maximum inspiration and expira- 
tion. Reduction in the vital capacity predisposes 
toward dyspnea, because it lowers the pulmonary 
reserve by reducing the maximum minute ventila- 
tion. The pulmonary reserve in normal indi- 
viduals is great, and they can increase their resting 
ventilation by P-fold. But in patients with cardio- 
respiratory disease, not only is the ventilation at 
rest higher but the minute volume during exertion 
reaches a higher level than in the normal controls. 
In addition, due to the reduction in the vital ca- 
pacity, the highest ventilation that can be main- 
tained is smaller than in the normal subjects. As 
a result of these alterations the pulmonary reserve 
in cases of chronic pulmonary disease is reduced 
and even moderate exertion produces the sub- 
jective sensation of dyspnea. 

Patients with pulmonary emphysema have a 
great mechanical disadvantage in ventilating dur- 
ing effort. As a result of the loss of pulmonary 
elasticity, the intrapleural pressure fluctuates 
around that of the atmosphere, thereby decreasing 
the effectiveness of the diaphragm during inspira- 
tion. This is accompanied by an increase in the 
residual air, a reduction in the vital capacity and 
inefficient alveolar ventilation. The chest is al- 
ready in the inspiratory position and the responsi- 
bility for any further increase in ventilation is 
placed upon the respiratory muscles. In conse- 
quence of the loss of elasticity of the lungs, pa- 
tients with emphysema, in contrast to normal in- 
dividuals, are unable to increase both the depth 
and rate of respiration. Either the depth is in- 
creased, accompanied by slower rate, or the rate 
is augmented at the expense of the depth. This 
is probably the most important factor in the pre- 
vention of hyperventilation on effort in such pa- 
tients. This has been clearly demonstrated by the 


results in this series of patients and substantiates 
the views of Christie (30). 

An. analysis of the changes in the arterial blood 
before and after exercise in cases of pulmonary 
fibrosis and emphysema throws further light on 
the pathological physiology of such disorders. 
Since most of the patients with fibrosis responded 
as do normal individuals in respect to oxygenation 
of the blood during moderate exertion, it appears 
that the amount of oxygen diffusing through the 
alveolar membrane is more than enough to com- 
pensate for the increasing rate of blood flow 
through the lungs. Although there are other fac- 
tors that influence the saturation of the hemo- 
globin, Himwich and Barr (23) felt that they may 
be neglected for these two major ones. Of in- 
terest, however, are the cases of pulmonary em- 
physema and fibrosis which did not respond in 
the usual manner. These patients responded more 
like normal individuals performing exhaustive 
exercises. Under such conditions the saturation 
of the hemoglobin is decreased, and Himwich and 
Barr believed that under these circumstances the 
volume of blood flow may increase to an extent 
proportionately greater than the increase in oxy- 
gen diffusion. 

Little is known concerning the rate of blood 
flow in chronic pulmonary disease during exer- 
tion. However, there are certain factors responsi- 
ble for increasing the alveolar oxygen tension 
present in normal subjects during exercise that 
are lacking in patients with marked emphysema. 
Bohr (31) found that during exercise the residual 
air was increased in normal subjects. Our pre-- 
liminary experiments substantiate his observa- 
tions. Pulmonary distention of this nature will 
open more alveoli (32), will cause a stretching of 
the alveolar membrane resulting in a thinner and 
more permeable one (33), and will increase the 
ventilation coefficient, since the increase in tidal 
volume is much greater than the increase in the 
residual air. This increase in the alveolar air or 
so-called " mechanical buffer ” tends to prevent a 
rapid fall of alveolar oxygen. 

The benefit to be derived from these compensa- 
tory mechanisms must be almost negligible in 
emphysema. Although no measurements of the 
residual air have been made in emphysema during 
exertion, it is difficult to conceive how it can be 
significantly increased when the lungs and chest 
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at rest arc already in an inspirator}' position. 
Likewise, tlie relatively small increase in ventila- 
tion will not tend to increase the oxygen tension 
of the alveolar air. 

Finally, the factors responsible for the de- 
creased saturation of the hemoglobin after c.xcr- 
cise in some eases of pulmonary fibrosis, may well 
be due to an impediment to the passage of oxygen 
through the alveolar membrane (Cases S. W. and 
H. B. had extensive fine reticular fibrosis through- 
out both lungs), cither by thickening of the mem- 
brane or by a reduction in the area by the en- 
croachment of fibrosis tissue. Another factor 
which may play a role is rapid and shallow breath- 
ing during moderate cfTort. 


SUMMARY AND CONCLUSIONS 

Measurements of the minute volume, the respi- 
ratory rate and the tidal volume were made in 20 
normal individuals and 28 patients with chronic 
cardiac and pulmonary diseases during moderate 
and exhaustive effort. The ventilation equivalent 
for ox}’gen was determined at rest and during the 
fifth minute of moderate exertion. The results 
were correlated with the pulmonary capacity and 
its subdivisions, the ability to expand the chest and 
the ox}'gen saturation of the arterial blood. Blood 
was obtained from the radial artery immediately 
before and after moderately severe exercise in 9 
cases of pulmonary fibrosis and emphysema. 

From the results presented the following con- 
clusions can be drawn. 

1. Individuals with pulmonary fibrosis, rheu- 
matic heart disease and obstructive emphysema 
have a greater minute ventilation and a more rapid 
and shallow type of breathing at rest and during 
moderate exertion than do normal individuals per- 
forming the same amount of muscular work. 
There are striking similarities between the pa- 
tients with fibrosis and heart disease in their ven- 
tilatory response to exercise. 

2. The degree of dyspnea is proportional to the 

• total ventilation 

expression — r— j — . Dyspnea is experi- 
vital capacity ^ 

enced when the value is greater than SI, and when 

this value is exceeded at low levels of work (300 

kilogrammeters per minute for 5 minutes) it is 

an indication of pathological dyspnea. As the 

value for this expression increases, the vital ca- 


pacity and the oxygen saturation of the arterial 
blood decreases and the ability to expand the chest 
diminishes, ho'-ij 

3. The maximum minute ventilation that can 
be maintained for one and one-half minutes is 
only roughly proportional to the vital capacity in 
normal individuals, while in cases of chronic pul- 
monary disease the relation is closer. The maxi- 
mum minute ventilation of an individual may be 
predicted from the observed vital capacity by as- 
suming that the tidal volume will equal 41.4 per 
cent of the vital capacity and that the rate of 
breathing will be 35.5 per minute. 

4. The pulmonary reserve is a measure of the 
tendency to dyspnea. Normal individuals can in- 
crease their resting minute volume 9-fold, while 
in patients who are disabled by pulmonary fibrosis 
and emphysema, the pulmonary reserve is so re- 
duced that on moderate exertion the ventilation 
will constitute more than 60 per cent of the maxi- 
mum minute ventilation. 

5. The ventilation per 100 cc. oxygen absorbed 
increases from 2.40 liters for the normal subjects 
to 3.36 for the patients who complained of dysp- 
nea on slight exertion. It is not a very good in- 
dex of the degree of dyspnea, since there are 
marked irregularities in the individual values. 

6. After exertion the oxygen content and the 
oxygen saturation of the arterial blood increases 
in the majority of the patients with pulmonary 
fibrosis. In several patients with marked em- 
physema and fibrosis the oxygen content and 
saturation were found to be decreased immedi- 
ately after exercise. 
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A veterans’ camp of the Civilian Conservation 
Corps was opened in Madison County in New 
York State early in 1935 ; reforestation was the 
principal activity. The enrolled men were drawn 
in approximately equal numbers from civil life, 
from a veterans’ camp in Vermont, and from 
one in New Jersey. A few came from a soldiers’ 
home in a nearby county and a small number 
was transferred from other C.C.C. camps. Most 
of the men were between the ages of 37 and 49; 
the youngest was 32 and all but eight were under 
50. The population had been in a continual state 
of flux. A large contingent from the camp in 
New Jersey arrived on November 21. From this 
date, however, until the investigation was con- 
cluded, on December 17, only one or two men 
entered. 

During the latter part of October and early 
November, the men had been confined to barracks 
and to the recreation building, where they were 
in close contact throughout several rainy days. 
At this time, over half of them developed respira- 
tory infections, which in many instances were per- 
sisting when the first investigation was under- 
taken on December 8. 

The first case of pneumonia developed on No- 
vember 9, in the course of this epidemic of colds, 
in a camper who had been transferred from the 
New Jersey camp eight days previously. He was 
treated in the camp infirmary, the sputum was 
not typed, and following an uneventful recovery, 
he was discharged from camp. It is noteworthy 
that no Type II pneumonia had previously oc- 
curred at this New Jersey camp. Between No- 
vember 12 and December 1, six other cases of 
pneumonia developed in the Madison County 
camp, and still another occurred in a nearby vil- 
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lage; the individual in this instance was a bar- 
tender in a cafe which was a favorite rendezvous 
of the campers. All except the first patient were 
treated at the Cortland County Hospital where 
laboratory studies demonstrated the presence of 
Type II pneumococci. All of the patients recov- 
ered except one individual who, before the onset 
of his illness, suffered extreme exposure while 
under the influence of alcohol. Among those 
who recovered, Type II pneumococci were iso- 
lated once from the blood of one individual and 
on two separate occasions from that of another. 
The testing of a strain obtained from the latter 
patient, which was maintained in semisolid me- 
dium, revealed that it was highly virulent for 
mice ; that is, mice weighing between sixteen and 
twenty-two grams, inoculated in duplicate with 
0.(X)000001 cc. of an 18-hour broth culture died 
within forty-eight hours. None of the patients 
received antipneumococcus serum. 

On December 8, 1935, an investigation was 
undertaken to determine the incidence and dis- 
tribution of carriers of Type II pneumococci 
within the camp. Throats of the campers were 
cultured, and pertinent data were secured through 
the taking of individual histories. 

Cultures were obtained at the rate of from fifteen to 
thirty a day, usually just before mess when the men 
were congregated in their respective barracks; care was 
taken in swabbing out the tonsillar crypts and in reaching 
as high in the nasopharynx as a straight swab would 
allow. The swabs were then placed immediately in 
Avery’s broth, and were incubated for from four to 
seven hours at 37.5° C. ; of the resulting growth, from 
0.3 to 0.5 cc., depending on the density, were inoculated 
into mice. The peritoneal exudates of those mice which 
died spontaneously were examined directly for the pres- 
ence of Type II pneumococci by the Neufeld technic; 
the heart’s blood, in each instance, was streaked on 
blood-agar plates, and after twenty-four hours’ incuba- 
tion, the resulting growth was examined directly by the 
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Neufeld method." Most of the strains of pneumococcus 
Type II were then transferred to blood-agar slants, for 
confirmatory tests by the macroscopic tube agglutination 
method. Mice which failed to develop symptoms of ill- 
ness within forty-eight hours were not examined. Dur- 
ing the final survey in April, however, such animals were 
chloroformed and autopsied; in rare instances, pneumo- 
cocci were isolated in this manner, but the types were of 
minor interest. 

Among 142 individuals examined in the five 
barracks, twenty-seven were found to be carriers, 
an incidence of 19 per cent. Table I indicates 


TABLE I 

Distribution of cases of Type II pneumonia and carriers of 
Type II pneumococci 


Barrack 

number 

Number of 
men in 
barrack at 
time of 
survey * 

Number 
of cases 

Number 
of carriers 

I 

34 

2 

5 

II 

31 

2 

4 

III 

30 

1 

6 

IV 

28 

1 

4 

V 

26 

1 

8 


* All but seven men were studied. 


the relatively even distribution among the five bar- 
racks of the cases of Type II pneumonia and of 
individuals carrying pneumococci of that type in 
the throat. 

Among seven officers examined, who were liv- 
ing in the officers’ quarters, two whose special 
duties brought them into intimate contact with the 
enrolled men were found to be carriers. No car- 
riers were discovered among nine foresters living 
in the forestry quarters or among six men on 
special duty scattered in various other buildings. 
Only one of the three men in the infirmary con- 
valescing from Type II pneumonia proved to be 
a carrier. Two healthy bartenders at the cafe 
mentioned previously were not found to be car- 
riers. The relationships between the carrier state 
and upper respiratory infection as well as between 
the carrier state and history of contact were not 
striking. Of the carriers, 30 per cent were suf- 
fering from some form of upper respiratory in- 
fection at the time of the investigation, 40 per 
cent gave a history of a recent cold, and 30 per 


2 The pneumococcus typing and virulence tests during 
these surveys were undertaken by Miss Florence M. 

Varley. 


cent gave no such history; 25 per cent of the 
carriers recalled intimate contact with one or more 
of the patients having pneumonia immediately 
prior to or during the illness. Of the noncarriers, 
21 per cent were suffering from upper respiratory 
infection, 31 per cent gave a history of a recent 
cold, and 48 per cent gave no such history; 16 
per cent of the noncarriers recalled contact with 
one or more of the pneumonia patients. It was 
possible only in rare instances to formulate a defi- 
nite idea as to the source of the Type II pneumo- 
cocci in a given case or carrier, since the opportu- 
nity for chance contact in the mess hall and gen- 
eral assembly room was great. 

An incident of considerable interest was the 
subsequent development of a case of Type II 
pneumonia in barrack Number IV, on December 
21, three weeks after the onset of the next pre- 
ceding case, and only six days after the man’s 
throat had been cultured. He had not been found 
to be a carrier of Type II pneumococci, but of 
Type XXI ; however, his bed was next to that of 
a Type II carrier. 

In order to secure information relative to the 
persistence of the carrier condition, a second sur- 
vey was undertaken. The camp in Madison 
County was disbanded early in 1936, and most of 
the men were transferred to other companies in 
two camps located in Orange County, where they 
were engaged in flood control. The nature of 
their work entailed considerable exposure, which 
might be expected to favor the development of 
respiratory infections. However, no such epi- 
demic had occurred since the beginning of the 
year. On February 26, twenty of the original 
carriers and three of the men who had recovered 
from Type II pneumonia were again examined to 
determine whether or not a sufficiently large num- 
ber of them were still harboring the Type II pneu- 
mococci to warrant making a general survey. 
From the throats of nine of the original carriers 
and two of the recovered cases. Type II pneumo- 
cocci were isolated. It was learned at this time 
that although a few sporadic cases of pneumonia 
had occurred in these camps, none of them had 
been incited by Type II pneumococci. In view of 
the possibility that these strains of Type II pneu- 
mococci might be of comparatively low virulence, 
tests were performed with the eleven strains iso- 
lated at this time from the heart’s blood of each 
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mouse whicli had been inoculated with Avery’s 
brotii cultures, and stored at 8° C. for twelve days 
in scrum semisolid medium (1). All of the 
strains were found to be highly virulent; mice 
inoculated in duplicate with 0.00000001 cc. of a 
14-hour broth culture, died witliin forty-eight 
hours; pour plates of this dilution indicated that 
an average of five microorganisms had been in- 
jected. 

In conjunction with these studies of the viru- 
lence of the eleven strains of Type II pneumo- 
cocci, the factor of individual host resistance was 
investigated.^ With the blood serum which had 
been obtained from the three recovered cases and 
from all but one of the twenty original ■* carriers 
who were studied at this time, mouse protection 
tests were performed against pneumococcus Type 
II. With sera of selected individuals in this 
group, similar tests were made using pneumococ- 
cus Type I. Twenty of these sera were also tested 
for agglutination and precipitation. For purposes 
of control, the sera of ten normal men, who gave 
no history of pneumonia, who were of approxi- 
mately the same age as the campers, but who had 
no connection with the camps, were similarly 
tested. Throat cultures obtained from this group 
of control individuals, at the time the blood %vas 
collected, failed to reveal the presence of pneumo- 
cocci Types I or II. 

In the mouse protection tests, 0.1 cc. of serum was 
tested with different doses of a 16-hour culture of the 
standard strains. Type II (Number 53) and Type I 
(Number 1). The dilutions of culture and of serum 
were prepared so that the required amount of each was 
contained in 0.5 cc. The 0.5 cc. of diluted culture and 
the 0.5 cc. of diluted serum were thoroughly mixed in 
the barrel of the syringe and immediately injected into 
the peritoneum of a mouse weighing from eighteen to 
twenty-two grams. Two dilutions of culture were used 
in each test, and three mice for each dilution. Those 


® These serological tests were performed at the central 
laboratory in Albany under the supervision of Miss 
Jessie L. Hendry. 

* “ Original carriers ” refers to those men who were 
shown to be carriers of Type 11 pneumococci during the 
December survey. 

“ Persistent carriers ” refers to those original carriers 
who were again shown to be carriers of Type II pneu- 
mococci in February. 

“ Former carriers ” refers to those original carriers 
who, by February, had apparently ceased to be carriers 
of Type II pneumococci. 


mice surviving for ninety-six hours or longer were con- 
sidered protected by the serum. Heart’s blood cultures 
were made at autopsy. Determinations of the minimal 
fatal dose (M.F.D.) made with each test according to 
the method described in a recent paper by Kirkbride, 
Hendry, and Murdick (2) indicated that the injection 
of one microorganism was sufficient to kill. In most 
instances, the results presented were obtained in two 
tests; in the others, three or only one was necessary. 

"Wniile all of the twenty-two sera were tested 
against the Type II standard culture, only thir- 
teen were tested with the Type I culture; these 
thirteen included sera from five men who had been 
inoculated in 1934 with Type I and Type II sol- 
uble antigen (an active form of the polysaccharide 
of Heidelberger and Avery) as a prophylactic 
measure against pneumonia of these types (3) ; 
of the five, three were persistent carriers and two 
were former carriers. The ten control sera were 
tested against both the Type I and Type II strains. 

The results of these protection tests are sum- 
marized in Table II. The serum from only one 
of the three cases which had recovered from Type 
II pneumonia protected against as much as 100 
M.F.D. of the Type II culture. On the other 
hand, sera from seven of the eleven former car- 
riers and from five of the eight persistent carriers 
protected against 100 or more M.F.D. of the Type 
II culture; among the sera showing a significant 
degree of protective activity, those from two for- 
mer and two persistent carriers, none of whom 
had received the immunizing dose, protected 
against as much as 10,000 M.F.D. ; indeed, the 
sera from only three of the five who had received 
the Felton antigens protected against as much as 
100 M.F.D. Only two of the ten control sera 
protected against as much as 100 M.F.D. In cor- 
responding tests with the Type I culture, the 
serum from not one of the three recovered cases 
and from only one of the five carriers, none of 
whom had received the Felton antigens, afforded 
protection against as much as 100 M.F.D. In 
contrast, the sera from three of the five carriers 
who had received the Felton antigens protected 
against 100 or more M.F.D., and of these three, 
one protected against 10,000 M.F.D. Only two 
of the ten control sera protected against as much 
as 100 M.F.D. 

All but two of the sera were of sufficient 
amount to permit agglutination tests in which cell 
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TABLE II 


Results of potency tests of sera obtained February 26, 1936, from original carriers 


Condition 

Number 

tested 

Individual sera whicli, in 0. 1 cc. amounts, 
protected against tlic following doses 
of Type 11 pneumococcus culture, 
strain Number 53 

Number 

tested 

Individual sera which, in 0.1 cc. amounts, 
protected against the following doses 
of Type I pneumococcus culture, 
strain Number 1 




1 or 

-1 M.F.D. 1 

! 

100 M.F.D. 

10,000 

M.F.D. 



1 or 

-1 M.F.D. 

100 M.F.D. 

10,000 

M.F.D. 

Recovered cases 

3 

1 

2 

1 

1* 

1 


3 

1 

3* 



Persistent carriers 

F.A. 

3 

5 


2 

F.A. 

2 

1 

F.A. 

2 

1 

F.A. 

3 

3 

F.A. 

2 

2 

F.A. 

1 

1 

F.A. 


Former carriers 

2 

9 

1 

It 

3 

n 

4 

m 

2 

2 

2 


2 

It 


It 


Total sera of carriers studied 

5 

14 

2 

S 

3 

5 

m 

4 

5 

5 

2 

4 

2 

1 

1 


19 

7 

8 

i 

4 

10 

6 

3 

1 

Controls 

10 

8 

2§ 

1 


10 

8 

2 



F.A. = Received Felton Type I and Type II antigens in 1934. 

* Undiluted serum of one person agglutinated the Type II cells and precipitated the supernatant broth culture, 
t Skin reaction elicited in this person with Type I polysaccharide, March 31, 1936. 

t Undiluted serum of this person agglutinated Type I cells. Skin reaction elicited with Type I polysaccharide, 
March. 31, 1936. 

§ One probably less than 100 M.F.D. 


suspensions of the standard Type I and Type II 
strains were used, and also precipitation tests in 
which the supernatant fluids from the broth cul- 
tures were employed (4). The sera were tested 
both undiluted and diluted 1:5. Reactions were 
obtained with only two of these sera, and with 
none of the control sera; the undiluted serum 
from one of the recovered cases agglutinated the 
Type II cells and precipitated the supernatant 
fluid ; ® the undiluted serum from one former car- 
rier who had received the Felton antigens, ag- 
glutinated only the Type I cells. 

As a result of the findings obtained during the 
second survey, a third and final one was made 
beginning March 31. On this occasion, skin tests 
were performed according to the method of Tillett 
and Francis (5), employing pneumococcus type- 
specific polysaccharides I and II, prepared by Dr. 
Rachel Brown of this laboratory. Eleven avail- 
able members of the group of twenty-two whose 
blood sera were studied during the preceding sur- 
vey were selected for the tests. None of the men 
shLed any appreciable skin reaction to the Typ 
II polysaccharide, but of four original carriers in 


« Unfortunately this individual was not available for 
, kin testing in the subsequent investigation. 


this group who had received the Felton antigens, 
two developed marked skin reactions within thirty 
minutes after the injection of the Type I poly- 
saccharide, characterized in one case by wheal and 
erythema, and in the other, by a large area of 
erythema alone. 

After the completion of the skin testing, the 
third survey of pneumococcus carriers was under- 
taken. A certain company in the smaller of these 
two camps in Orange County was chosen for 
study since the largest number of persistent car- 
riers had been assigned to this company, and also 
because of the fact that a severe epidemic of upper 
respiratory infection had occurred among the men 
during the early part of March, at which time a 
number of them required hospitalization in the 
infirmary. Of the eight original carriers and two 
former cases assigned to this particular company, 
among whom four carriers and one case had been 
found still to harbor Type II pneumococci at the 
time of the survey in February, all but one were 
still available for study. Of the four carriers 
from whose throats Type II pneumococci were 
isolated in December and again in February, three 
were found to be carriers of this microorganism in 
April. None of the other four original carriers 
could be shown to have reverted to the carrier 
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slate; one of the two former cases still available 
for study had apparently ceased to be a carrier 
since the previous examination. 

The throats of seventy other men in the com- 
pany were cultured. This number represented 
practically all who were remaining in preparation 
for cvacu.ating the camp in the middle of April. 
Eighteen were men transferred from the camp in 
I\Iadison Count)' who during the survey there in 
December were not found to be carriers of Type 
II pneumococci. Most of the others had been 
transferred in October, 1935. from a camp in 
Montgomery County where the men were said to 
have been remarkably free from respiratory infec- 
tions. 

Strains of pneumococcus Type II were isolated 
from the throats of only two of the seventy men 
studied. Neither gave a history of contact with 
patients having pneumonia, and neither had been 
in the camp in Madison County. Both were 
housed in a barrack in which none of the proven 
carriers were lodged. The inference is fairly 
strong, although by no means conclusive, that 
these two men developed the carrier state through 
association with the carriers in the mess hall, in 
the recreation hall, or in the field. The throats 
of these two men were recultured two days later, 
and virulence tests were performed with the two 
strains of Type II pneumococci isolated from the 
heart’s blood of each inoculated mouse. Further- 
more, because of the possibility that the virulence 
of the strains might have been raised by passage 
through mice, successful attempts were made in 
these two instances to isolate Type II pneumococci 
from blood-agar plates streaked with Avery’s 
broth culture. While in one instance the strain 
was isolated with considerable difficulty, in the 
other, no trouble was encountered, for examina- 
tion of Avery’s broth culture by the Neufeld tech- 
nic indicated that an almost pure culture of Type 
II pneumococci was present. Strains isolated 
from the heart’s blood of the two mice and di- 
rectly from the blood-agar plates all proved to be 
highly virulent; 0.00000001 cc. of a 12-hour broth 
culture, injected into mice in duplicate, killed them 
within forty-eight hours ; pour plates of this dilu- 
tion indicated that an average of two micro- 
organisms had been injected. 

The relationship between the carrier state and 
upper respiratory infection in this survey in April 


was no more evident than in the December survey. 
Of the three persistent carriers, one was suffering 
at this time from a head cold ; none gave a history 
of recent respiratory infection. Of the two car- 
riers who were detected for the first time during 
the April survey, one gave a history of a slight 
throat irritation some weeks previously, while the 
other, from whose throat Type II pneumococci 
were isolated in large numbers, gave a negative 
history. Of the noncarriers, 14 per cent were suf- 
fering from upper respiratory infection; 36 per 
cent gave a history of a recent cold; and 50 per 
cent gave no such history. 

Although a general survey of the larger of these 
two camps seemed impractical, four of the men 
who were found to be carriers both in December 
and in February were again examined; Type II 
pneumococci were isolated from the throats of 
three of them ; all four gave a history of very re- 
cent respiratory infection. 

Quite apart from the main purpose of the in- 
vestigation, some of the strains of pneumococci 
isolated from the throats of men who were not 
found to be carriers of Type II were also stud- 
ied. Less attention was paid to this feature dur- 
ing the first survey than during the last two when 
the types of all strains of pneumococci isolated 
from the heart’s blood or peritoneal exudate of 
each inoculated mouse were identified. Eighty- 
four, sixteen, and fifty-four strains of pneumo- 
cocci were isolated and typed during the three 
successive investigations respectively. 

Table III is a recapitulation of the incidence 
of various types of pneumococci exclusive of 
strains of pneumococcus Type II isolated from 
recovered cases. In only six instances was the 
same type of pneumococcus isolated on more than 
one occasion from the same individual. Pneumo- 
cocci Types I, V, VII, and XIV, which fre- 
quently incite pneumonia, were not encountered 
during any of these surveys. On the other hand. 
Types III and VIII, both important pathogenic 
agents, were not infrequently observed. 

LITERATURE 

Reports in the literature indicate that the oc- 
currence of Type II pneumococci in a normal 
throat is unusual. Stillman (6) in 1917, exam- 
ined the saliva of 297 normal individuals, and 
found pneumococci in 116 instances; pneumococ- 
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TABLE HI 


Types of pncimococci found in throat cultures {excluding 
strains of Type II from recovered cases) 


Pneumococcus type 

December 

Februarj' 

April 

I 


1 


II 

29 

9 ! 

8 

Ill 

13 

1 i 

10 

IV 

4 

3 1 

7 

V 




VI 

! 6 

1 

2 

vn 

t 



VIII 

i 4 

1 

4 

IX 

i 1 



X 

1 


2 

XI 

2 


6 

XII 




XIII 

1 


2 

XIV 




XV 

1 


1 

XVI 

1 


1 

XVII 

1 

1 


XVIII 

5 


6 

XIX 

1 



XX 

3 



XXI 

1 



XXII 

2 


1 

XXIII 

2 



XXIV 

2 


1 

XXV 




XXVI 

1 


1 

XXVII 




XXVIII 

1 


1 

XXIX 

2 


1 

XXX 




XXXI 




XXXII 




Total numbers of pneumo- 




coccus strains, isolated 




and typed 

84 

16 

54 


cus Type I was observed in one specimen, and 
Type II not at all. More recently, Webster and 
Hughes (7) found pneumococci in about 80 per 
cent of the 105 healthy adults and children stud- 
ied. In a total of more than 3,000 cultures, Type 
II pneumococci were found in but three single 
cultures from two individuals and Type I was 
obtained on only one occasion from a single in- 
dividual. 

In order to determine the frequency with which 
normal individuals in contact with cases of Type 
I or Type H pneumonia acquire these types of 
pneumococci, Stillman (6) dispatched a nurse to 
the home as soon as possible after a patient suf- 
fering from pneumonia due to Type I or Type II 
pneumococcus was admitted to the Rockefeller 
Hospital. Specimens of saliva were collected 
from all persons who had come in contact with 
the patient. Of 107 contacts in a total of twenty- 


eight households where cases of Type I pneu- 
monia had occurred, 15 per cent were found to 
harbor Type I pneumococci; of seventy-seven 
contacts in a total of twenty-four households 
where cases of Type II pneumonia had occurred, 
6 per. cent were found to harbor Type II pneu- 
mococci, The average carrying period for Type 
I was twenty-five days, and for Type II, forty- 
three days. 

Cole (8) states that “ in most instances in 
which pneumococci of Type I or Type II have 
been found in the mouths of normal persons, 
these persons have very recently been closely as- 
sociated with patients suffering from pneumonia 
due to the same type of pneumococcus as that iso- 
lated ” and again (9) “ One of the most interest- 
ing facts which has appeared as a result of the 
study of the different types of pneumococci is that 
pneumococci of the so-called fixed types, I and 
II, which are responsible for such a large propor- 
tion of the cases of pneumonia, are not found in 
normal mouths, and that within a relatively short 
time after convalescence they disappear from the 
mouths of those who have suffered from pneu- 
monia due to one or other of them.” 

In a study of the epidemiology of pneumonia, 
Smillie (10) examined strains of pneumococa in 
the nasopharynx of immediate family contacts, 
and concluded from his series of 582 contacts and 
493 controls that Types I and II were much 
more prevalent in the nasopharynges of contacts 
than in the population at large. This finding did 
not prove to be true with regard to many of the 
types of pneumococci which were formerly in- 
cluded in Group IV. 

The epidemic nature of lobar pneumonia and 
the probable role of the carrier has been dis- 
cussed by Gundel and Wallbruch (11, 12) in a 
survey of a small village of three hundred in- 
habitants near Berlin, where an epidemic of Type 
I pneumonia had occurred during February, 1935. 
This outbreak folloAved two weeks after an epi- 
demic of “ grippe ” ; the first case developed in 
the village school, where the disease spread rap- 
idly to other pupils and then among their respec- 
tive families. These authors have convincingly 
traced the spread of the disease from one indi- 
vidual to the next, through the medium of cases 
and carriers, of which there were a large number 
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among the examined contacts. On the basis of 
these findings and of the few similar, reports in 
the literature, these authors emphasize that lobar 
pneumonia should he classed as a true contagious 
disease, which may, under certain circumstances, 
become epidemic. 

With regard to the serological studies in con- 
nection with the carrier condition, Tilghman and 
Finland (13) have reported suggestive findings 
in tests performed with the blood of individuals 
in contact with eases of pneumonia, comparable 
to the results described in this paper. They have 
shown that specific antibodies may develop in 
individuals who are carriers of the disease- 
producing pneumococcus but who do not become 
ill with the infection. 

SUMMARY AND CONCLUSIONS 

An epidemic of respiratory infection in a vet- 
erans’ camp of the Civilian Conservation Corps, 
located in Madison County in New York State, 
was followed by an outbreak of lobar pneumonia, 
in which the mortality rate was low; only one of 
nine cases died (Type II pneumococci were iso- 
lated from the blood of tAvo of the patients who 
recovered). 

After the outbreak of pneumonia, an investiga- 
tion was undertaken to determine the incidence 
and distribution of carriers of Type II pneu- 
mococci within the camp. Nineteen per cent of 
the enrolled men living in the barracks were 
found to be carriers of this microorganism. 

The last case of Type II pneumonia at this camp 
developed three weeks after the next preceding 
one. This lapse of time, together with the failure 
to demonstrate the presence of Type II pneu- 
mococci in the throat only six days before the 
onset of pneumonia, lends strong support to the 
belief that the infection was acquired in this in- 
stance not from one of the cases but rather 
through contact with a carrier, not unlikely the 
carrier in the adjoining bed. 

Ten weeks after the conclusion of the first in- 
vestigation, a second was undertaken in camps 
in Orange County to which most of the campers 
had been transferred. The carrier state was 
found to persist in a number of the original car- 
riers. Tests with the isolated strains of Type II 
pneumococci revealed a high degree of virulence 


for mice. Serological tests with the blood of car- 
riers suggested that in certain instances there 
may have been a significant correlation between 
the protective activity of individual blood serum 
against the Type II pneumococcus and the pres- 
ence or recent existence of Type II pneumococci 
in the throat. Protective activity against the 
Type I pneumococcus was, on the whole, more 
evident in the group of sera from those who had 
received the Felton Type I and Type II antigen 
in 1934, than in the sera from those who had 
not ; on the other hand, such evidence was lacking 
with regard to protection against Type II. The 
small number of sera examined prevents the draw- 
ing of definite conclusions. Skin tests, performed 
five weeks later, with polysaccharides Types I and 
II yielded reactions to Type I in only two of the 
group treated by Felton. 

A final survey was undertaken fifteen weeks 
after the conclusion of the first survey. A num- 
ber pf the original carriers were found still to 
harbor Type II pneumococci in the throat, and 
two men who, as far as is known had come in 
contact with no case of Type II pneumonia, were 
shown in this survey to be carriers of virulent 
Type II pneumococci, thus suggesting that the 
carrier state in these instances had developed 
through contact with other carriers. In view of 
the persistence and the apparent spread of the 
Type II carrier condition, it is noteworthy that 
although an epidemic of respiratory infection 
seemed to have prepared the way for an outbreak 
of Type II pneumonia in the Madison County 
camp, a similar epidemic in the camp in Orange 
County was followed by no cases of Type II 
pneumonia. 

These investigations lend support to the accu- 
mulating evidence that the carrier is an important 
factor in the transmission of pneumococcus in- 
fection. On the other hand, the question of why 
certain individuals develop pneumonia on expo- 
sure to virulent pneumococci while others become 
carriers, can not be adequately explained on the 
basis of the studies of host resistance. 

We are indebted to Dr. William A. Wall, who pro- 
vided the facilities of his laboratory during the first 
study, and to the medical officers of the camps : Lieu- 
tenant Colonel Blank, Lieutenants Stein, Troupin, and 
Freeman. 
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Recently there lias been a renewed interest in 
the etiology and treatment of hypertension (hy- 
pertensive vascular disease) and its relationship 
to the kidneys. A surgical method of treatment 
of h 37 )ertcnsion which was devised by Peet (1) 
consists of a bilateral resectioning of the major 
and minor splanchnic nen'es and of the lower 
dorsal sympathetic chain including the 10th, 11th 
and 12th ganglia, supradiaphragmatically. This 
procedure has been employed in a sufficient num- 
ber of cases so that the trend of results is indi- 
cated. It is the purpose of this communication 
to report the effect of this operation upon the 
kidneys, as it is shown by measurement of renal 
function and urinary abnormalities, and to cor- 
relate this effect with the blood pressure changes. 
Considerations of the rationale behind this treat- 
ment of h)'pertension, selection of candidates, 
technical procedure, and results other than the 
renal effect will not be discussed. 

METHOD OF STUDY 

Every candidate for this operation was care- 
fully studied in order to exclude all cases having 
hypertension secondary to known organic disease. 
Special care was taken to exclude those patients 
with hemorrhagic (glomerular) nephritis having 
elevated blood pressure. As a result only cases 
considered to have primary (“ arterial ”) hyper- 
tension (hypertensive vascular disease), were 
treated by splanchnicectomy. This report in- 
cludes observations on only those patients whom 
we have studied over a period of three months, 
or longer, after operation. 

Before, and at intervals after this operation, 
blood pressure and renal function were meas- 
ured, and the urine was analyzed. The blood 
pressure was in every case measured with a mer- 
cury manometer several times while the patient 
was lying down. Renal function was measured 
by the urea clearance test of Van Slyke and Cope 


(2) and by the Lashmet-Newburgh concentration 
test (3). Proteinuria was measured by sulpho- 
salicylic acid precipitation (4), and the formed 
elements in the urinary sediment were counted by 
the Addis method (5). 

Criteria for classification. We have adopted 
the normal values found by the originators of the 
tests of renal function, i.e., for the concentration 
test a nonprotein specific gravity of the urine of 
1.029 or more, and for the urea clearance, values 
between 75 and 125 per cent of the mean normal. 
The renal function was considered to be impaired 
when the result of either of the functional tests 
was below normal. A significant change in renal 
function was considered to consist of a change 
in specific gravity of 0.003 or more, or a change 
of 15 per cent or more in urea clearance. 

It is always difficult to discuss changes in blood 
pressure because of the fluctuations encountered. 
For the purpose of classification, we have grouped 
the patients according to the change in blood pres- 
sure following splanchnicectomy as follows: 1, 
those whose blood pressure was reduced to 
160/100 mm. Hg, or less; 2, those whose blood 
pressures did not remain below 160/100, but 
whose systolic blood pressure was reduced more 
than 60 mm. Hg, or, whose diastolic pressure was 
reduced more than 30 mm.; 3, those whose sys- 
tolic blood pressure was reduced from 30 to 60 
mm., or whose diastolic pressure was reduced 15 
to 30 mm. Hg. 

RESULTS 

By this method we have now studied forty- 
eight cases. The data on these cases are pre- 
sented in Table I. A summary of the relation- 
ship between the renal status and the blood pres- 
sure will be found in Table II. 

In almost every case there was a sharp fall 
in blood pressure to normal or below, immediately 
after splanchnicectomy. It then followed one of 
several courses : in some it remained approx- 
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TABLE I 


Data on each of the 48 cases studied, showhig pre- and postoperative renal activity and blood pressure 


Case 

number 

Sex 

Aseat 

time 

of 

oper- 

ation 

Known 

duration 

of 

hyper- 

tension 

Time of 


Concen- 
trating 
ability of 
kidneys 

Urea 

clear- 

ance 

Urine 

IB 

Remarks 

and 

initials 

observation 

pressure 

■ 

Hema- 

turia 

in 

Table 

II 






tnm. Hs 

nonprolein 

per ceil 


million. 

ofr.b.c.' 

? 




years 



specific 

of men 

I per cell 

5“ 








sravity 

normal 

12 hour 

S 


1 

M 

29 

9 mos. 

Pre-op. 

236/166 

1.014 

106 

0.3 

0 

lAb 


IV. L. 




2 wks. postop. 

134/90 

1.022 

58 

Trace 

0 







6 wks. postop. 

140-160 

100-116 

1.026 

80 

0 

0 







5 mos. postop. 

138/90 

1.033 

108 

0 

0 







11 mos. postop. 
15 mos. postop. 

150/90 

1.033 

125 

0 

0 







29 mos. postop. 

156/100 

1.031 

95 

0 

0 



2 

F 

41 

5 yrs. 

Pre-op. 

205-240 

1.024 

59 

Trace 


lAb 


M. P. 




125-130 











3 wks. postop. 

120/80 











3 mos. postop. 

140-160 

97-100 


91 









4§ mos. postop. 

146/94 

1.030 

79 


0 



3 

M 

45 


Pre-op. 

190-230 

1.028 

71 

0 

0 

lAb 


r.j. 



■ 

3 wks. postop. 

100-150 

148/96 










■ 

6 mos. postop. 

142-160 

98-100 

1.031 

75 

0 

0 



4 

F 

22 

3 yrs. 

Pre-op. 

280/190 

1.033 

87 


2.2 

wm 


V. E. 



2 wks. postop. 

150/110 

1.025 










2 mos. postop. 

146/102 

38 

Trace 

0 







5 mos. postop. 

150/120 

1.028 

82 

SI. tr. 

0 







8 mos. postop. 

136/90 

1.029 

85 

si. tr. 

0 







11 mos. postop. 

132/95 





■ 


5 

M 

46 

15 yrs. 

Pre-op. 

180-190 






Bladder residual at time 

P. D. 



110-120 

1.028 

91 

0 

0 

lAc 

of concentration test 





1 mo. postop. 

140/90 


92 

0 

0 







4 mos. postop. 

140/88 

1.0255 



6 

F 

23 

2 yrs. 

Pre-op. 

248-270 

1.026 

80 

Trace 

0 

lAc 


G. P. 




2 wks. postop. 

138 

180/120 



0 

0 







4 mos. postop. 

160/100 

1.026 




mm 

M 

35 

— 

7 mos. 

Pre-op. 

268/176 

1.019 

40 

0.3 

280 

IBb 



2 wks. postop. 


1.020 

95 

0.05 

0 






2J mos. postop. 


1.030 

113 

Trace 

0 







6 mos. postop. 


1.030 

85 

Trace 

0 







9 mos. postop. 


1.030 

125 

0 

0 



■ 




16 mos. postop. 

■ lili ill 


98 

0 

0 





53 

4 yrs. 

Pre-op. 

230-260 

1.023 

70 

0.1 

3.7 

IBb 


S. B. 


3 wks. postop. 

170-180 

125-130 

1.022 

51 

Trace 

0 










90 











5 mos. postop. 

160-166 

1.027 

77 

Trace 

0 








109 




0 







8 mos. postop. 

160/110 

1.026 

83 

Trace 







10 mos. postop. 

150-165 

105-110 











12 mos. postop. 

145/100 

1.028 

89 

0 

0 







14 mos. postop. 

150 

105-110" 







17 mos. postop. 

148/110 

1.030 


0 

0 
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TAUI.E I — Coiiliniicd 




lAjrr nl 

Known 



Conccn- 
tratinR 
ability of 
kidneys 


Urine 

im 


numlx^r 

antJ 

inilialft 

Soc 

1 liwr 

(lumlion 

Time of 
ob^rn’nllon 

BlfKXl 

pressure 

Ure.T 



cation 


! of 

1 oi>fr* 

1 nti’nn 

1 

of 

hyi>rr- 

tcn*ion 

dcar- 

nnee 


• Hema- 
turia 

in 

Table 

II 

Remarks 



1 



mm. l!g 

noNffrofe/n 

per cen\ 

f 

milUom 
f o/r.b.c/. 
‘ per 
IS hour. 





years 



specific 

of mear 

1 per ceil 





1 




cravity 

normal 


r 


9 

F 

46 

3 yrs. 

1 

Pre-op. 

2S0/134 

1.024 

72 

0.05 

0 



E. G. 



2 wks. postop. 






IBb 






6 nios. poslop. 


1.034 

136 

0 

1.25 



30 

F 

44 

3 yrs. 

Pre-op. 

250-260 

1.023 

77 





M. W'. 



150-162 











2 wks. postop. 

140/95 





IBb 






3 mos. postop. 

178-220 

110-120 

1.027 

86 









6 mos. postop. 

186-200 

1.028 

111 










112 







11 

F 

23 

6 yrs. 

Pre-op. 

230-240 

1.026 

84 

Trace 

0 



E. H. 



140-160 











2 wks. postop. 

180/130 





IBb 





1 

2 mos. postop. 

176/128 

1.030 

88 

Trace 

0 






1 

6 mos. postop. 

170/128 

1.033 

1 

89 

Trace 

0 



12 

M 

44 


Pre-op. 

224-256 

1.021 


TracBj 

5 



0. Me. 



nn 

140-172 









1 


2 wks. postop. 

170 











110-116 











2 mos. postop. 

• 1. 9 : IH 

1.028 

84 

Trace 

0 


1 





3 mos. postop. 



97 



IBb 





■ 

1 6 mos. postop. 

■ iSi l9 

1.024 

120 

SI. tr. 

1.3 

1 


13 

F 

40 

6 yrs. 

Pre-Op. 

1 

244-276 

1.036 

97 

Trace 

0 



A. B. 



148-156 











1 mo. postop. 

160/120 





IBa 






6 mos. postop. 

178/112 


103 

0 

0 



14 

F 

49 

2 yrs. 

Pre-op. 

210-252 

1.030 

101 

Trace 

0 

wm 


H. R. 



120-148 





■H 






3 wks. postop. 

160/100 











5 mos. postop. 

155/100 

1.032 


0 

0 






1 

9 mos. postop. 

174/105 

1.029 


0 


■ 


15 

M 

38 

1 yr. 

1 

Pre-op. 

240-260 

1.025 

71 

0.4 

0 



F. M. 



145-150 











2 wks. postop. 

210/115 

1.027 

72 

0.1 

0 

ICb 






5 mos. postop. 

210 

1.029 

86 

Trace 

0 






1 

1 


120-130 








M 

31 

4 yrs. 

Pre-op. 

220-226 

1.024 

56 

Trace 

0 



T 

L. M. 



145-158 











2 wks. postop. 

1 

140-150 

90-100 





ICb 






1 2 mos. postop. 


1.026 

72 

Trace 

0 




1 



6 mos. postop. 

190/140 


60 




Acute coryza 





16 mos. postop. 

180-200 

134-140 

1.026 

92 

Trace 

0 



17 

S. 0. 

F 

33 

? 

Pre-op. 

210 

1.026 

59 

Trace 

0 






3 wks. postop. 

130-140 

130-160 





ICb 








70-110 











6 mos. postop. 

170-198 

110-126 

1.029 

81 

Trace 
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TABLE I — Continued 


Case 

number 

and 

initials 

Sex 

Age at 
time 
of 

oper- 

ation 

1 , 

Known 

duration 

of 

liyper- 

tension 

Time of 
observation 

Blood 

pressure 

Concen- 
trating 
ability of 
kidneys 

Urea 

clear- 

ance 

Urine 

Classili 

cation 

in 

Table 

II 

Remarks 

Protein 

uria 

- Hema- 
turia 

18 

M. S. 

F 

years 

33 

2 yrs. 

Pre-op. 

3 wks. postop. 
6 mos. postop. 

7)im. Hg 

190-220 

94-130 

154/116 

140-220 

84-108 

nonprolein 

specific 

gravity 

1.028 

1.033 

per cent 
of mean 
normal 

76 

92 

1 

1 cen 

Trace 

Trace 

millions 
, ofr.b.c.’i 
Per 

IS hour: 
; 0 

i 0 

ICb 


19 

F 

39 

3 yrs. 

Pre-op. 

198-260 

1.016 

56 

2.0 

Gross 



N. M. 





138 











2 wks. postop. 

200/130 





ICb 






4 mos. postop. 

180-220 

1.023 

109 

Trace 

0 








130 







20 

M 

46 

2 yrs. 

Pre-op. 

235-280 

1.029 

89 

Trace 

0 



H. F. 





126-170 










i 

3 wks. postop. 

195/130 





ICa 





1 

8 mos. postop. 

220-240 

1.029 

78 

Trace 

0 







i 

149 







21 

M 

41 

7 yrs. 

Pre-op. 

234-250 

1.025 

88 

Trace 

0 



D. P. 



1 


150-160 











1 mo. postop. 

210/105 





ICc 






10 mos. postop. 

210/136 

1.024 

100 

0 

0 



22 

F 

45 

Uyrs. 

Pre-op. 

198-244 

1.026 

96 

0.1 


ICc 


E. C. 





114-140 

1 










2 wks. postop. 

132/82 








j 



3 mos. postop. 

168/230 

1.027 

108 

0 









100-130 











6 mos. postop. 

180/110 

1.028 

122 

SI. tr. 




23 

F 

33 

4 yrs. 

4 yrs. pre-op. 

158/100 





ICc 


L. V. 




3 yrs. pre-op. 

158/112 

■KB 


Trace 



? pituitary eiisease with 





2 yrs. pre-op. 

182/130 



Trace 



diabetes insipidus 





1 wk. pre-op. 

202/132 

1.012 

129 

Trace 

0 





1 


3 wks. postop. 

130/90 











10 mos. postop. 

160 

1.012 

92 

Trace 

0 



1 

1 





112-120 







24 

M 

45 

5 yrs. 

Pre-op. 

210-220 

1.030 

71 

SJ. tr. 




L. B. 





120 











3 wks. postop. 

150/95 





ICei 





1 

14 mos. postop. 

180-190 

1.025 


Trace 









110-130 







25 

F 

44 

3 yrs. 

Pre-op. 

240-248 

1.033 

75 

Trace 

0 

2a 


H. H. 





154-165 











3 wks. postop. 

200-240 












140 











4 mos. postop. 

235/130 

1.029 

76 

Trace 

0 







6 mos. postop. 

226-250 

1.032 


Trace 

0 








132-142 











21 mos. postop. 

242/148 

1.034 

80 

Trace 

0 



26 

M 

37 

hh 

Pre-op. 

190-226 


80 

Trace 




H. K. 



mu 

1 

130-160 








j 


3 wks. postop. 

180/110 





2a 






[ 8 mos. postop. 

230/150 


84 

Trace 
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TADI.E I — Continued 


Ci«e 

nunil>tr 

nml 

Inllulf 

1 

\j:ent 

lime 

of 

ntion 

Known 

iuratlon 

of 

liyper- 

tension 

Time of 
observation 

nlood 

pressure 

Concen- 
trating 
ability of 
kidneys 

Urea 

clear- 

ance 

Urine 

Classifi 

cation 

in 

Table 

II 

Remarks 

Protein 

uria 

Hema- 

turia 

27 

H. S. 

M 

36 

S nios. 

Pre-op. 

3 nios. postop. 

4 nios. postop. 
6 mos. postop. 

13 mos. postop. 
24 mos. postop. 

tnm. Ilg 

198-215 

120-148 

168-180 

120 

186/110 

204/132 

200/128 

194-204 

120-126 

nonproUin 

specific 

gravity 

1.018 

1.025 

1.024 

per cent 
of mean 
normal 

91 

66 

74 

per cent 

0 

0.05 

Trace 

Trace 

millions 

ofr.h.c.'i 

per 

}S hours 
0 

0 

0 

0 

2d 


28 

M 

47 


Pre-op. 

185-204 

1.017 

83 

Trace 

0 



T. A. 



nn 


135 











3 ivks. postop. 

170/140 





2d 






9 mos. postop. 

190/130 

1.030 

125 

0 

2.8 



29 

F 

39 

3 yrs. 

Pre-op. 

220-250 

1.022 

26 

Trace 

0 



F. N. 





130-150 











3 wks. postop. 

192/110 





2b 






3 mos. postop. 

220/130 

1.023 

35 

Trace 

0 







6 mos. postop. 

240/140 

1.021 

39 

Trace 

0 







12 mos. postop. 

244/140 

1.020 


0.1 

0 







21 mos. postop. 

230-250 

1.021 

39 

Trace 

0 








152 







30 

M 

55 

4 yrs. 

Pre-op. 

188-226 

1.025 



IHII 



W.Mc. 





120-135 











5 wks. postop. 

170-198 

1.029 

67 



2b 







122-128 











5 mos. postop. 

195/120 

1.027 

75 









12 mos. postop. 

185-220 

1.025 











120-140 







31 

M 

42 

5 yrs. 

Pre-op. 

210-252 

1.021 

58 

0.5 

53 

2b 


G. P. 





150 











3 wks. postop. 

191/120 











5 mos. postop. 

210/144 

1.021 

62 

0.1 

4.0 



32 

F 

43 

8 yrs. 

Pre-op. 

200-245 

1.025 

47 


3.0 



H. B. 





130-145 











2 wks. postop. 

220/120 





2b 






3 mos. postop. 

180/100 

1.024 

54 

Trace 

1.4 







7 mos. postop. 

240-260 

1.023 

60 

SI. tr. 

0 








150 







33 

F 

42 

5 yrs. 

Pre-op. 

210-222 

1.027 

92 

Trace 

m 

2b 


M. S. 





130-134 











3 wks. postop. 

190/112 











10 mos. postop. 

180-210 

1.026 

102 

Trace 









130-140 




■ 



34 

F 

44 

4 yrs. 

Pre-op. 

208-250 

1.021 

112 





R. H. 





126-136 



■H 









200/120 



HI 


2b 






lILSfilsPli • : ■ tj| 

240/144 


77 


HHI 
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TABLE 1 — Conliintcd 


Case 

number 

and 

initials 


35 
A. Y. 


36 
I. B. 


37 
F. R. 


38 
L. H. 


Sex 


F 


F 


M 


M 


Arc at 
time 
of 
oper 
ation 


years 

48 


43 


38 


46 


Knowm 
duration 
of 
hyper- 
tension 


5 yrs, 


12yrs 


2 yrs. 


3 yrs. 


Time of 
observation 


Pre-Op. 

1 mo. postop 
3 mos. postop 
6 mos. postop 


Pre-op. 

1 mo. postop 
li mos. postop 
6 mos. postop, 


Pre-op. 

2 mos. postop 
5 mos. postop 


Pre-op. 

3 wks. postop 
6 mos. postop 


Blood 

pressure 


wm. //g 

242-300 
I 60-1 70 
180-210 
120 

230-240 

120-130 

240-300 


Urine 

Urea 

ability of ! , 

kidneys I (Protein 


Concen- 

trating 


uria 


nonl>rolein per cent] 
specific of meait\ per cenl\ 
gravity normal 


1.017 


21 0.25 


145-160 


260/150 

190/110 

240/160 

260/160 


160-178 

108 

170/110 

170/110 


195-215 

116-130 

140/90 

200/110 


1.019 26 (Trace 

1.016 24 ( Trace 

1.017 19 I Trace; 


1.022 45 I 0.6 

1.023 57 I 0.4 


1.013 


34 0.25 


1.014 27 0.2 

1.015 27 0.22 


1.028 


96 Trace 


Hema- 

turia 


millions 
\ofr,b.c.'s\ 
per 
IS hours] 


Classifi- 

cation 

in 

Table 

n 


Remarks 


2b 


12 

16 


2b 


2b 


1.027 I 80 

127 (Trace 


1.1 

0 


Blood nonprotein nitro- 
gen 56 mgm. per cent 
Blood nonprotein nitro- 
gen 54 mgm. per cent 


2b 


39 

W. B. 


43 


2 yrs. 


Pre-op. 

3 wks. postop, 
6 mos. postop 
9 mos. postop 


192-240 

112-150 

200/110 

236/140 

210-220 

126-140 


1.018 62 


1.022 71 

1.019 73 


Slight edema present 


2b 


40 

C. V. 


41 

I. J. 


42 
E. H. 


43 
C. W. 


M 


34 


lyr. 


3 mos. pre-op 
1 wk. postop 
3 wks. postop 
10 mos. postop 


230/150 

240/156 

180/130 

220-250 

150-170 


1.019 

1.018 

1.011 


47 0.33 

47 0.33 

16 0.3 


0 

1.5 


2c 


55 


5 yrs. 


Pre-op. 

3 wks. postop, 
10 mos. postop 


268-300 

130-170 

220-270 

120 

270 

130-170 


1.019 


1.021 


38 Trace 


18 Trace 


2c 


52 


1 yr. 


Pre-op. 

3 wks. postop 
IS mos. postop. 


230/130 

160/m 

210-230 


1.024 j 69 (Trace 
49 I Trace! 


2c 


120-150 


M 


45 


6 mos. 


Pre-op. 

3 wks. postop, 
10 mos. postop. 


210/120 

140/90 

185-190 


1.027 ( 91 Sl.tr. 
1.022 I 45 Trace! 


0 

1.8 


2c 
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TABLE I — Conlinucd 


C-\*9 

nunlKT 

nniS 

Sex 

Acr nt 
time 
of 

oprr* 

ntinn 

Known 

iluratlon 

of 

hyi>rr» 

fcntlon 

Time of 

lllnoil 

pressure 

Conccn- 
irallnK 
nbility of 
kidneys 

Urea 

clear- 

ance 

Urine 

Classifi- 

cation 

in 

Table 

11 

Remarks 

Protein- 

uria 

Hema- 

turia 







non protein 

per cent 


millions 








mm. Its 

specific 

of mean 

per cent 










parity 

normal 


tS hours 



44 

M 

40 

17 vrs. 

Pre-op. 

172-234 

1,029 

84 

Trace 

0 

2c 


F. S. 





lOS-130 











3 wks. posfop. 

1 15-130 


91 


0 








80-90 











3 mos. postop. 

194/124 

1.025 

82 

0 

0 







7 mos. postop. 

172/118 

1.025 

87 

Trace 

0 



45 

B 

38 

2 vrs. 

Pre-op. 


1.028 

114 

0.1 

0 



H. Me. 

■ 



1 wk. postop. 






2c 



■ 



5 mos. postop. 

205/130 

1.021 

89 

Trace 

0 



46 

M 

35 

3 mos. 

Pre-op. 

226-240 

1.013 

17 

0.3 

.9 


Nonprotein nitrogen 58 

F. G. 





150-160 






mgm. per cent 





4 wks. postop. 

160/120 


13 



2c 






6 wks. postop. 

250 












144-150 











8 wks. postop. 







Died in uremia. Blood 












nonprotein nitrogen 












114 mgm. per cent 

47 

n 

21 

3 mos. 

Pre-op. 

220/146 

1.017 

40 

1.0 

2.4 



L. B. 

IH 



2 wks. postop. 

166/122 





2c 






6 wks. postop. 

220/140 

1.018 

46 

0.6 








8 mos. postop. 







Died in uremia 

48 

Q 

45 

3 yrs. 

Pre-op. 

155-182 

1.037 

95 

BUBI 

0 



I. B. 





110 



Mi 


3 



B 



6 mos. postop. 

210/130 

1.034 

103 


0 




imately normal ; in others it rose to various levels 
even to the preoperative value. Following this 
secondary rise the blood pressure in some cases 
remained unchanged, in others it again decreased, 
sometimes rapidly sometimes over a period of 
months. 

The effect of splanchnicectomy on the kidneys 
can best be considered in relation to the effect on 
the blood pressure. According to this relation- 
ship, the patients fall into different groups. Fig- 
ures 1 to 8 illustrate the course of events in rep- 
resentative cases. 

Explanation of figures. In each case the vertical line, 
topped by an arrow, represents the bilateral splanchni- 
cectomy. The time charted to the left of this line refers 
to the known duration of hypertension. The postopera- 
tive events are charted at irregular intervals, properly 
designated. The blood pressure charted 2 or 3 weeks 
following splanchnicectomy represents the values at the 
time the patient was discharged from the hospital fol- 
lowing operation. When the blood pressure fluctuated 
appreciably, the extremes are plotted and the intervening 


space shaded. Although it is not a true representation, 
the values plotted for each occasion have been joined 
by a line in order to illustrate the trend of events. 

In Figure 1 the changes in a patient (Case 1, 
W. L.) whose blood pressure after splanchnicec- 
tomy remained below 160/100 mm, Hg, are 
shown. The urea clearance was normal in this 
patient before operation, whereas the concentrat- 
ing ability was greatly reduced. The lack of 
parallelism of these functions of the kidneys in 
this disease has been pointed out previously (6). 
This is an unusually wide variation, however. 
At the time of discharge from the hospital tiie 
urea clearance was below normal. A temporary 
decrease in urea clearance in the early postopera- 
tive period has been observed in a few other 
cases. Following splanchnicectomy, proteinuria 
promptly disappeared. Five months after opera- 
tion the renal function had become entirely nor- 
mal, and has remained so for more than two 
years. 
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TAni,i- 11 

The relation bchveen renal function and blood pressure in 
dS cases at the end of three months or longer 
after splanchnicectomy 


Num* Per 
ber cent 


I. Blood prcffure decrcnfcd: 

A. To 160/100 or (3 cn?cs followed 

6 lo 20 rnontb*) 6 


e, Ucn:\l function normal b^ore 

nnd after operation 1 

Renal function Impaired before 
operation, returned to nor- 
mal after operation 3 

c. Renal function remained pllnbtly 

impaired (4 months) after 
operation 2 

d. Renal function dccrcajcd after 

operation 0 


24 


50 


12.5 


B. Not to 160/100, but more than 60 mm. 
rystoiic, or more than 30 mm. 
diastolic 8 


a. Renal function normal before 

and after operation 2 

b. Renal function impaired before 

operation, improved after. . . 6 

e. Renal function decreased after 

operation 0 


16.6 


C. From 30 to 60 mm. si’stollc, or from IS 

to 30 mm. diastolic 

a. Renal function normal before 

and after operation 1 

h. Rena! function impaired before 

operation, Improved after. . , 5 
e. Renal function impaired before 

operation, unchanged after. . 3 

d. Renal function decreased after 

operation 1 


10 


120.9 


2. Blood pressure essentially unchanged: 

a. Renal function norma! before and after 


operation 2 

h. Renal function impaired before opera- 
tion, unchanged after. 11 

c. Renal function impaired before opera- 

tion, decreased after 8 

(to death in uremia. 2) 

d. Renal function impaired before opera- 

tion, increased after 2 


23 


48 


3. Blood pressure increased: 1 2 

Rena! function normal before and after 
operation (6 months) 


In Case 2, M, P. (Figure 2) there was a 
prompt return to normal of both the urea clear- 
ance and concentrating ability, and the disappear- 
ance of proteinuria, with relief of the hyperten- 
sion. 

In Case 4, V. E. (Figure 3) there was no im- 
pairment of renal function before operation, and 
the efficiency of the kidneys remained normal, or 
promptly returned to normal after a temporary 
decrease following splanchnicectomy, when the 
hypertension was relieved. This case illustrates 
that if urinary abnormalities exist, they may dis- 
appear or greatly decrease. 

In manj^ patients, blood pressure was markedly 
reduced, but not below 160/100 mm. Hg (Group 
1) B of classification above). In such cases, if 
renal function had been normal, it remained so; 


3 3 4 '/z 

OP WK. M.O. MO 



Fig, 2. Data in Case 2 (M. P.), Showing a Re- 
turn TO Normal of the Concentrating Ability and 
Urea Clearance with Relief of the Hypertension. 


if it had been impaired, it improved and in some 
cases became entirely normal and the urinary ab- 
normalities completely disappeared. Cases illus- 
trating this effect are shown in Figures 4 and 5. 

In some patients the blood pressure was de- 
creased to a lesser degree (Group 1, C of classifi- 
cation above). In these persons, renal function 
usually improved if ft had not been normal, or re- 
mained unchanged. In only one case (Case 24, 
L, B.) in this group was the concentrating ability 
found, fourteen months after operation, to be 
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Fig. 6. Showing Renal Function Remaining Normal after Splanchnicectomy in Case 
25 (H. H.) Who Had no Lasting Decrease in Blood Pressure. 
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slightly decreased. (The blood pressure at this 
time averaged 185/120 mm. Hg.) 

In 50 per cent of the patients comprising this 
study, the blood pressure did not remain reduced 
following splanchnicectomy. In general, the renal 
function in this group of cases either remained un- 
changed, or became gradually worse, in a manner 
just as would be expected if splanchnicectomy had 
not been performed (Figures 6, 7 and S), In two 
such cases (Case 46, F. G., and Case 47, L. B.) 
renal function decreased progressively until death 
occurred in uremia. Two persons in this group 
(Case 27, H. S., and Case 28, T. A.) showed an 
improvement in renal functioil. 

DISCUSSION 

We wish to emphasize that this study is not 
meant to convey statistics regarding the effect of 
splanchnicectomy on blood pressure or other clin- 
ical results. Many more patients have been op- 
erated upon than we have been able to study in the 
manner here described. Symptomatic changes, 
ocular fundus and cardiac changes, mortality, etc., 
must of course be considered in a complete ap- 
praisal of results of this form of treatment. We 
have included data on blood pressure herein, and 
have grouped the patients according to changes in 
their blood pressure, only for convenience in dis- 
cussion of the effect on the kidneys. Those per- 
sons whom we considered to have small decreases 
in blood pressure, and especially those whom we 
have been able to follow only three to six months, 
may be found after a longer period of postopera- 
tive study to have no lasting reduction in blood 
pressure. It should be noted, however, that in 
four patients (Cases 4, 7, 8 and 1) the blood pres- 
sure has remained at a remarkably low level in 
comparison with preoperative values, for 11, 16, 
17 and 29 months, respectively, following splanch- 
nicectomy. 

From the data presented, it is evident that 
splanchnicectomy performed on patients with pri- 
mary hypertension and normal kidney function, 
does not harm the kidneys, or interfere with their 
functional efficiency as measured by concentration 
and urea clearance test, whether or not significant 
decrease in blood pressure results. Page and 
Heuer (7) have likewise found that denervation 


of the kidneys which resulted from sectioning the 
anterior nerve roots from the 6th thoracic to the 
2d lumbar segment in a patient with essential hy- 
pertension, in no way interfered with the renal 
function even though the blood pressure was re- 
duced to normal. Page (8) has also shown that 
reduction in blood pressure induced by medica- 
tion, or resulting from direct renal denervation of 
one kidney did not alter renal function as meas- 
ured by urea clearance. All of these observations, 
therefore, show that in cases of primary hyper- 
tension, renal efficiency is not dependent on high 
blood pressure, as has been so commonly thought. 
Thus the " compensatory theory ” of the cause of 
the elevated blood pressure in patients with pri- 
mary hypertension is disproven. 

We have repeatedly observed that when hyper- 
tension is greatly relieved by splanchnicectomy, 
renal function that has previously been impaired, 
improves, and may even return to normal. This 
improvement in kidney function has shown itself 
both by an increase in concentrating ability, and 
by an increase in urea clearance, in a number of 
cases This indicates to us that the impairment 
of renal function is caused by vascular constric- 
tion, and that if constriction is relieved by splanch- 
nicectomy, renal activity is benefitted. 

In some cases we have observed, as have Page 
and Heuer (9), an improvement in proteinuria 
and hematuria, out of all proportion to changes in 
renal function. 

That the results obtained by splanchnicectomy 
should differ so widely in different patients, from 
complete relief of hypertension, in some cases, to 
complete failure in others, is striking. We are at 
present unable to predict or account for these dif- 
ferences. Contrary to the findings of Page and 
Heuer (9), however, we find a definite association 
between changes in renal function and in blood 
pressure in most patients. Certainly, renal disease 
with marked impairment of function may accom- 
pany hypertensive vascular disease, and when 
present, disappears following relief of the hyper- 
tension by splanchnicectomy. 

1 Page and Heuer (9) found an increase in concen- 
trating ability in 2 of 5 patients vilih nephritis vjhost 
kidneys were denervated, but found no alteration in urea 
clearance. 
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SUM MARY 

Dnta regarding the renal stains and blood pres- 
sure in 4S patients with hypertensive vascular dis- 
ease treated by bilateral splanchniccclomy are pre- 
sented. This surgical procedure has greatly re- 
lieved hyj>ertcnsion in some cases, has benefitted 
others to a lesser degree, and has not influenced 
the blood pressure in still others. In general, the 
changes in the kidneys were associated with 
changes in blood pressure. In those patients who 
had a significant and maintained decrease in blood 
pressure, urinary abnormalities decreased or dis- 
appeared, and the renal function, if it had been 
impaired, improved — in several cases it became 
cntirel}' normal. In a few cases with less decrease 
in blood pressure, renal function remained un- 
changed following splanchniccclomy. When hy- 
pertension was lowered in patients having normal 
renal function, the cfhcienc}' of the kidneys re- 
mained normal. When hypertension was not fa- 
vorably influenced, renal function remained un- 
changed, or gradually became worse as would be 
expected in unoperated cases. 

These observations show that in cases of pri- 
mary hypertension, satisfactory renal function is 
not dependent on the high blood pressure; that 
hypertension is not compensatory to measurable 
renal damage; that marked impairment of renal 
function may accompany hypertensive vascular 


disease, and that striking improvement of renal 
function follows relief of hypertension brought 
about by splanchnicectomy. 

BIBLIOGRAPHY 

1. Peet, M. M., Splanchnic section for hypertension. A 

preliminary report. Univ. Hosp. Bull., Ann 
Arbor, 1935, 1, 17. 

2. Van Slyke, D. D., and Cope, C. L., Simplified colori- 

metric determination of blood urea clearance. 
Proc. Soc. Exper. Biol, and Med., 1932, 29, 1169. 

3. Lashmet, F. H., and Newburgh, L. H., An improved 

concentration test of renal function. J. A. M. A., 

1932, 99, 1396. 

4. Lashmet, F. H., and Newburgh, L. H., An improved 

concentration test of renal function. 11. Simple 
method for measuring proteinuria. J. A. M. A., 

1933, 100, 1328. 

5. Addis, T., A clinical classification of Bright’s dis- 

eases. J. A. M. A., 1925, 85, 163. 

6. Freyberg, R. H., The choice and interpretation of 

tests of renal efficiency. J. A. M. A., 1935, 105, 
1575. 

7. Page, I. H., and Heuer, G. J., The effect of renal 

denervation on the level of arterial blood pressure 
and renal function in essential hypertension. J. 
Clin. Invest., 1935, 14, 27. 

8. Page, I. H., The effect on renal efficiency of lowering 

arterial blood pressure in cases of essential hyper- 
tension and nephritis. J. Clin. Invest., 1934, 13, 
909. 

9. Page, I. H., and Heuer, G. J., The effect of renal 

denervation on patients suffering from nephritis. 
J. Clin. Invest., 1935, 14, 443. 



68 


CECILIA RIEGEL, I. S. RAVDIN AND HENRY ROSE 


TAULE I 

Cholesterol cottcculration, fluid intake aud aviotiul of drainage 


Patient 

Days 

after 

opera- 

tion 

Type of 
clnunaKe 

Cliolestcrol 

Fluid 

intake 

Drainage 




mgrn. per cent 

cc. 

cc. 

I-I. L. 


Gallbladder 





1 


34 

4760 

100 


2 



2060 

30 


3 



2240 

50 


4 


29 

2200 

50 


5 



2300 

150 


6 


75 

2550 

75 


7 



2320 

100 


8 


60 

2750 

100 


9 


70 

2230 

75 


10 



1920 

50 


11 


73 

1840 

75 


12 


51 

3250 


R. C. 


Common duct 





2 


61 

5210 



3 


57 

5630 

200 


4 


96 

4910 

250 


6 


86 

2640 

125 


7 


103 

2810 

10 


8 


67 

2810 

80 


9 


93 

2110 

30 


10 


61 

1540 

180 


11 


83 

2140 

180 


12 


86 

1830 

275 


13 


83 

1470 

550 


14 


90 

1600 

300 


obstruction of the lower end of that duct. Fur- 
ihennore, for twenty-four to forty-eight hours 
ifter common duct intubation there may be some 
leakage of bile. In only two of the cases here 
reported was the common duct completely ob- 
structed, and the bile drainage in these must 
closely approximate the complete daily twenty- 
four hour excretion. In all other instances only 
oncentration of cholesterol could be determined, 
n a number of instances the first 2 or 3 speci- 
mens were contaminated with blood. Where this 
was the case the results were not considered in 


the following discussion. 

In many instances the daily fluid intake of the 
patient was recorded, in order to determine its 
effect upon the concentration of cholesterol m 
the bile excreted. In some patients a portion of 
the collected bile was re-introduced 
Tutte tube, into the stomach. A record of this 
was kept and its effect on cholesterol concentra- 
tion studied. Determinations of bile salt were 
made by the Gregory and Pascoe metho ( )• 
Cholesterol determinations were made as d - 
scribed by Riegel and Rose (6). 


RESULTS 

Daily analyses of cholesterol concentration in 
drainage bile show not only that there is consider- 
able variation between different patients but also 
that in the same patient the concentration may 
vary widely from day to day. Attempts to cor- 
relate these variations with alterations in other 
factors such as fluid intake, amount of external 
bile drainage, etc., were unsuccessful. The only 
correlation which appeared significant was with 
the amount of liver damage demonstrable at the 
operation. 

A. Variations in concentration in the same pa- 
tient. In Table I and Figures 7 and 8 are given 
the concentrations of cholesterol and fluid intake 
and amount of external bile drainage in two pa- 

Fluid, intake 



Fig. 7. Fluid Intake, Cholesterol Concentration 
and Bile Drainage in Patient H. L. 
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TABLE H 

Varialioits it: choUslcrol concentration with extent of liver damage 


Daily concentration of clioic?tcrol (jngm. per cenl) 


SllRlilly damaRcd 

Moderately damaged 

Badly damaged 

RiM 








Patient 

Patient 

Patient 

Patient 

Patient 

Patient 

Patient 

paiaH 




u. D. 




R. G. 

H. 1. 

W. R. 

N. A. 

B. M. 

R. S. 

w. w. 

RbR 

133 

61 

8 

40 

86 

180 

59 

27 

26 


30 

39 

67 

38 

HRIB 

118 

158 

30 

43 

17 

61 

47 

35 

12 

14 

13 

41 

36 

35 

76 

99 

153 

19 

133 

37 

57 

200 


13 

9 

13 

35 

32 

26 

101 

115 

144 

15 

150 

87 

96 

108 


19 

12 

14 

47 

38 

20 

114 

83 

123 

21 

106 

133 

86 

119 


■ 22 

16 

13 

29 

29 

11 

132 

158 

137 

67 

92 

112 

103 

218 


23 

16 

9 

30 

30 

29 

96 

172 

21 

85 

84 

155 

67 



29 

15 

13 

30 

31 

23 

82 

127 

126 

77 

174 

136 

93 



34 

6 

11 

30 

35 

50 

83 

70 

98 

90 

154 

126 

61 



49 

14 

20 

33 

35 

35 


200 

62 

133 

108 

146 

83 



53 

9 

11 

39 

23 



225 


71 

90 

159 

86 



53 


25 

47 

50 



240 


47 

133 

154 

83 



47 


9 

62 

39 



211 


154 

198 

170 

90 



54 


5 

72 

36 



139 


57 


152 

169 



48 


14 

48 

19 



152 




123 

no 



70 



80 

14 



214 




76 

123 



65 



63 

27 



82 











49 




128 











47 















45 















51 















51 






1 









58 















62 















42 















28 




tients studied. In the first patient, cholesterol 
concentration varied from 29 to 75 milligrams per 
cent, and in the second, from 57 to 103. One 
might expect that with greater fluid intake the 
volume of the collected bile would be greater, and 
the concentration of the bile constituents lower. 
No such relationship was found in these patients. 

There is considerable daily variation in the 
amount of bile drainage through the collecting 
tube, but no relationship between this and the 
cholesterol concentration could be demonstrated. 

The daily variations in cholesterol concentration 
agree with the data reported by Elman and Taus- 
(7) in the two patients they studied, and the 
data obtained by McMaster (8) from the dog. 

There is a suggestion of correlation between 
the condition of the liver and its ability to func- 
tion, and the concentration of cholesterol. In 
luost of the patients the samples of bile collected 
in the first two or three days after operation, be- 
fore the liver had begun to recover from the ef- 
fects of obstruction, were lower in cholesterol 


concentration than subsequent samples obtained at 
a time when hepatic function was improving. 

B. Variations in concentration in different pa- 
tients. When the patients were grouped accord- 
ing to extent of liver damage, as observed at op- 
eration, the seven patients known to have badly 
damaged livers had extremely low concentrations 
of cholesterol in the bile, while in the moderately 
or. slightly damaged groups the concentrations on 
the whole were considerably higher. In Table II 
are given the data from the seven patients with 
a badly damaged liver, together with the data 
from four patients with a moderately damaged 
liver and four patients with a slightly damaged 
liver. 

Table III shows that re feeding bile to the pa- 
tients has little effect on cholesterol concentration, 
although Whipple (9) has shown that feeding bile 
salts to dogs increases cholesterol output. 

One must take into account the fact that the 
bile which was refed, the patient’s own bile, was 
not normal and almost certainly contained at least 
















72 


CECILIA RIEGEL, I. S. RAVDIN AND HENRY ROSE 


BIBLIOGRAPHY 

1. Fox, F. W., The composition of luiman bile and its 

bearing upon sterol metabolism. Quart. J. Med., 
1927-28, 21, 107. 

2. Walters, W., Greene, C. H., and Frederickson, C. H., 

The composition of the bite following the relief of 
biliarj" obstruction. Ann. Surg., 1930, 91, 686. 

3. Ravdin, I. S., Johnston, C. G., Riegel, C., and Wright, 

S. L., A study of human liver bile after release 
of common duct obstruction. J. Clin. Invest., 
1933, 12, 659. 

A. Elman, R., and Graham, E. A., The pathogenesis of 
the “ strawberry ” gallbladder (cholesterosis of the 
gallbladder). Arch. Surg., 1932, 24, 14. 

5. Gregory, R., and Pascoe, T. A., The quantitative de- 


termination of bile acids by means of a new color 
reaction and monochromatic light. J. Biol. Chem., 
1929, 83, 35. 

6. Riegel, C., and Rose, H. J., Determination of free 

and combined cholesterol in bile. J. Biol. Chem., 
1936, 113, 117. 

7. Elman, R., and Taussig, J. B., The cholesterol func- 

tion of the gal] bladder. J. Exper. Med., 1931, 
54, 775. 

8. McMaster, P. D., Studies on the total bile. VI. The 

influence of diet upon the output of cholesterol in 
the bile. J. Exper. Med., 1924, 40, 25. 

9. Whipple, G. H., The origin and significance of the 

constituents of the bile. Physiol. Rev., 1922, 2, 
440. 
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Tlie study to be reported was undertaken witli 
tlie purpose of throwing light on tlic mechanism 
of vasomotor collapse in man. During a previous 
investigation (1), it was noted that small doses 
of sodium nitrite, which in normal subjects would 
produce no sjnnptoms and sliglit if any circulatory 
changes in the prone position, would in the up- 
right position lead to progressive vasomotor col- 
lapse, often terminating in syncope. Return to 
the prone position was followed by immediate 
recovery without ill effects. By varying the dose 
of sodium nitrite and the angle of tilting the body, 
the duration as well as the degree of the circula- 
tory collapse could he regulated. This method, 
then, offered an opportunity of recording observa- 
tions on vasomotor collapse under well-controlled 
experimental conditions. This seemed partic- 
ularly desirable in view of the fact that the study 
of vasomotor collapse, as it occurs in various dis- 
eases, is difficult because it develops unexpectedly 
in seriously ill patients and often terminates 
fatally. 

METHOD 

Our primary aim was to observe simultaneously sev- 
eral aspects of the peripheral circulation before, during 
and after recovery from vasomotor collapse. The heart 
rate was counted by arterial palpation, by auscultation 
over the precordium, or from the pulse waves on the 
plethysmographic tracings. The arterial blood pressure 
was determined in the upper arm at heart level by the 
usual auscultatory method, using a mercury manometer. 
The arterial blood pressure and the pulse volume were 
registered by sphygmometric oscillometers. 

The venous pressure was measured in the foot by the 
indirect method of Krogh, Turner and Landis (2). In 
some experiments the pressure in the femoral vein was 
determined by direct venous puncture, after the method 
of Moritz and von Tabora (3). All measurements are 
given in relation to the right auricle (second costal inter- 
space). The skin temperature of the hands and feet was 
taken by means of a thermocouple. 


^ This investigation was aided in part by a grant from 
the Josiah Macy, Jr., Foundation. 


The blood now through the hands rvas measured hv 
the plethysmographic ipcthodof Hewlett and \^nn Zwalu'- 
wenburg (4) as modified by Freeman (5) The average 
of 5 to 10 dctcrminatidns was taken for each How Tlie 
plcthysmographs were arranged on adjustable stands 
which a lowed free movement up or down as the .subject 
tilted. Usually the blood flon- was .ietermiied 


was 


through one hand at a t^perature nf i i / 

the other at 45“ C. At 32“ r 


of the vasomotor '^^^4 oL‘ 


was maintained, whereas at 4S° r nr-, .• u' 

vasoconstrictor reflexes We eliminated * LTas -T ' ^ 

of complete vascular dilatation the W • , 

tial blood flow was registered. The I®'®"* 

C. can thus be considered as an 


output. In addition, we have detcrmfnM l!’' 
of Van Slyke and Neilli(6) method 


venous blood gases. The samples 


arterial and 


r^plc. 


were taken and de- 


livered under oil, and duplicate '•”'1 fic- 
tions were made on each lanmlr t, ^ctermina- 


venous oxygen difference kder femoral artcrio- 


index of the blood flow thlough tjjg '■°f'^bions is 
cardiograms were taken uitag (')• Electro- 

and the fifth lead of Wolfetth leads 

experiments the respiration wjj ° (8). In some 
a Marey pneumograph. 1 ' ed by means of 

When it was not feasible |o obtain all 

described above in a single czperimj f'l'^ervations 
observations were completed under i?*’ remaining 
on another day. j entical conditions 

Seven young adult subjects^Hitj, 
systems were studied systeiroticjlly “^rdiovascular 
tions have been made in an additional observa- 


certain aspects of collapse a^iter nhr" Sroup 

hour after a meal the subjefl wj. T®' At least one 


table in a horizontal position, on a tilting 

had been adjusted he was allowfij the apparatus 
60 minutes. The study of ea(^ rest from 45 to 
following procedures carried out consisted in the 
first obtaining resting values ip ti,^ days. After 
observations were made upon jj^^^^zontal position, 
tion to an upright position 

longer, followed by a return to 1},^ 45 minutes or 

the effect of oral administratioWj Position; (2) 
(2 or 3 grains) of sodium nitrifcj^ '4 to 0.18 grams 
tion for one hour; (3) the effecLj I’orizontal posi- 
sodium nitrite followed in 10 toB) ®anie amount of 
to the upright position. Vfliile fe 
the subjects were urged 


height of the vasomotor 
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associated with syncope, the subject was promptly 
brought back to the horizontal position and the observa- 
tions were usually continued up to an hour. 

RESULTS 

The s 3 MTiploms and clinical signs exhibited, as 
well as the changes observed in the cardiovascular 
S 5 'stein, were remarkably uniform in all subjects. 
The only essential variation in different persons 
consisted in the amount of nitrite and the subse- 
quent duration of standing required to produce 
complete collapse of the circulation. The suscep- 
tibility to vasomotor collapse did not necessarily 
depend on the physical state. , Some of the robust 
and plij^sically trained subjects developed vaso- 
motor collapse and syncope promptly after rela- 
tively small amounts of nitrite. 

The series of observations made on D. M., a 
tall, robust subjeet of 28 years, serve to illustrate 
the results obtained on all subjects. Figure 1 


presents the response to the upright position with- 
out nitrite. The maximal blood flow (at 45° C.) 
through the hand remained essentially unaltered. 
The arterial pulse pressure became somewhat 
smaller as a result of the slight fall in the systolic 
and the rise in the diastolic pressures, which is 
the physiological response to standing. The 
venous pressure in the foot became elevated and 
later showed a moderate though progressive fall, 
but remained above the hydrostatic level of the 
heart. The heart rate increased. The subject 
remained symptom free. After the return to the 
horizontal position the circulatory measurements 
resumed their previous values. 

Figure 2 presents the responses of the same 
subject, while remaining in the horizontal posi- 
tion, to 0.18 gram (3 grains) of sodium nitrite. 
There was slight, if any, fall in the potential blood 
flow to the hand, no essential change in the arterial 
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Fig. 2. Sodject D. M. Effect of 0.18 Gram of Sodium Nitrite on the 
Blood Flow through the Hand at 45° C, on the Arterial Blood Pressure 
AND THE Heart Rate. 


pressure, and only a very slight rise in the heart 
rate. There were no subjective symptoms. 

Figure 3 demonstrates his responses after the 
same oral dose of nitrite and subsequent elevation 
to the upright position. Ten minutes after the 
ingestion of nitrite and while still in the hori- 
zontal position, there was again only a slight fall 
in the blood flow and moderate rise in the cardiac 
rate. Following elevation, however, marked 
changes occurred in rapid succession. For about 
5 minutes the subject remained symptom free. 
Thereafter he yawned occasionally, the intervals 
between yawns becoming progressively shorter to- 
ward the end of the standing period. The res- 
pirations became deeper and at times assumed the 
character of sighing. He became restless. Belch- 
ing and increase in peristaltic sounds appeared. 
First warm and later cold perspiration broke out 
over the face and e.xtremities, and finally it be- 
came beaded and profuse over the entire surface 
of the body. The skin became first slightly cy- 
anotic and in about 20 minutes it was ashen grey. 


The subject appeared drowsy. The pupils were 
dilated. At this point the picture corresponded 
in every respect to clinical vasomotor collapse. 

The moderately lowered blood flow, which de- 
veloped right after the tilting, was well main- 
tained until shortly before complete collapse and 
syncope, when it rapidly fell to zero. The blood 
flow became more and more influenced by the 
deep respiration, as well as by the sighing and 
yawning. The arterial pulse pressure became 
quite narrow soon after tilting, mainly as a result 
of a fall in the systolic pressure. The diastolic 
pressure was well sustained. The pulse at the 
wrist became small and thready, while the carotid 
pulsation was still good. Finally, the radial pulse 
became imperceptible. It was of interest to note 
that after each yawn or sigh the pulse was in- 
stantly restored, to disappear again after several 
beats. The occurrence of 3 'awning or sighing 
could often be foretold from the preceding disap- 
pearance of the pulse. The venous pressure 
throughout the standing fell rapidlj' until it 
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Fig. 3. Sudject D. M. Effect of Admixi.‘;tr.\tion of 0.18 Gram 
OF Sodium Nitrite, Followed iiv Tilting to 75®, on the Blood Flow 

THROUGH the HaND AT 45° C, ON THE V'^ENOUS PrES.SURE IN THE FoOT, 
THE Arterial Blood Pressure and the HE(\rt Rate. 

After 29 minutes at 75° the subject fainted. All measurements of 
venous pressure are given in relation to the right auricle. 


reached a level which was below the hydrostatic 
level of the right auricle. This indicates that the 
column of blood in the inferior vena cava stood 
at a level below the right auricle. The rate of the 
heart became rapid and remained at about 120 
iper minute until shortl)^ before the syncope, when 
it slowed markedly to about 80. At this time 
the blood pressure was not obtainable. Finally, 
the vision became dim and manifestations of loss 
of muscular power and of unconsciousness ap- 
peared, whereupon the patient was immediately 
returned to the horizontal position. Within 15 to 
20 seconds he regained consciousness and all 
symptoms subsided. 

Coincident with the rapid subjective improve- 
ment after a return to the horizontal position, all 
aspects of the circulation also promptly returned 
to normal. The systolic and diastolic blood pres- 
sure in spite of the normal heart rate, actually 
became temporarily elevated. 


The plethysmographic blood flow and respira- 
tory tracings of P. C., a 29-3’^ear-old subject, are 
presented on Figure 4. The symptoms and signs 
of this subject, who received 0.18 gram (3 grains) 
of sodium nitrite and was then tilted upright, 
were essentially the same as those described above. 
In the prone position the blood pressure and the 
maximal blood flow (at 45° C.) through the 
hand showed no change after the administration 
of nitrite. After elevation to the upright position 
the iDulse pressure became small and the pulse 
I'apid and thready. The venous pressure fell and 
reached a negative level before syncope. Two 
minutes before the fainting' the blood flow was 
still about 60 per cent of the original level, in 
spite of a pulse pressure of only 16 mm. Hg and 
a cardiac rate of 154 per minute. Thirty seconds 
before fainting, however, no blood flo'w or arterial 
pressure was obtainable. The respirations be- 
came deep and rapid and the cardiac rate slowed 
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I. HORIZONTAL BEFORE NITRITE 2. HORIZONTAL 10 MIN. AFTER NITRITE 

FL0V/-39.2 R.-IO B.P-IIQ/70 P-TS FLOW-38.6 R.-2I B.P-II2/72 P-90 



5 HORIZONTAL I MIN. AFTER FAINTING 6. HORIZONTAL 45 MIN. AFTER FAINTING 

FL0V/-IB.4 R.-20 B.R-I04/72 R-60 FLOW-30J R.-20 B.P-106/72 P-80 


Fig. 4. Subject P. C. Plethysmographic Records of Blood Flow in 
the Hand at 45° C. and Respiratory Tracings after 0.18 Gram of So- 
dium Nitrite, Followed by Tilting to 7S°. 

After 16 minutes at 75° the subject fainted. 


abruptly to 66. Within 25 minutes after resum- 
ing the horizontal position the blood flow returned 
to normal. 

Because of the slowing of the heart rate just 
before syncope, the cjuestion arose as to whether, 
the late and sudden fall in blood flow, and hence 
the final syncope, depended on this cardiac slow- 
ing. The experiment outlined on Figure 3 was 
therefore repeated with the intramuscular admin- 
istration of 2 mgm. of atropine sulphate. This 
eliminated the cardiac slowing without, however, 
altering the manifestations of vasomotor collapse. 
In the light of this finding, it is our contention 
that cardiac slowing is a secondary manifestation 
and is dependent on stimulation of the vagus cen- 
ters by cerebral anoxemia. The degree of vagal 
manifestations varied in different subjects, and 
in some was not present even though fainting 
occurred. 

The observations made on S. J\I., a 19-)’ear-old 
subject, are typical of those experiments in which 
the blood flow was measured simultaneous!}’' in 


both hands. Figure 5 represents the response to 
tilting without nitrite. The blood flow in the 
hand at 32° C., as expected, was slower than in 
the warm hand (45° C.) and showed a somewhat 
greater decrease with tilting, presumably due to 
vasoconstriction. Ultimately, however, the flow 
became about the same in both hands. As indi- 
cated in Figure 6, in the dilated hand the maximal 
flow decreased after nitrite, while it remained the 
same in the cooler hand with normal vasomotor 
regulation. Figure 7 shows the responses after 
0.12 gram (2 grains) of nitrite, followed by tilt- 
ing. Here the blood flow in the dilated hand 
showed a considerable decrease immediately after 
tilting, while in the hand with normal vasomotor 
regulation it became unusually slow, as a result of 
vasoconstriction. On returning the subject to the 
horizontal position, the rise in the cool hand was 
particularly rapid, reaching the level of the ma.x- 
imal flow, indicating an active vasodilatation in 
the cool hand. These responses e.xemplify the 
observations made in this and in other studies 
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Fig. S. Suijject S. M. Effect of Tilting to 75° on the Blood Flow 
THROUGH THE HaNDS, OnE AT 45° C. AND THE OtHER AT 32“’ C, ON THE 
\''enous Pressure in the Foot, the Arterial Blood Pressure and the 
Heart Rate. 

All measurements of venous pressure are given in relation to the right 
auricle. 


that the cool hand with normal vasomotor regula- 
tion shows greater spontaneous variations in blood 
flow than the dilated hand. Spontaneous vaso- 
constrictor responses were frequently noted in the 
cool hand during tilting. The rest of the cir- 
culatory changes, as well as the other manifesta- 
tions of vasomotor collapse, were similar to those 
described in the first subject. Although, in Sub- 
ject S. M., syncope developed as soon as 12 min- 
utes after, the tilting, in some subjects the mani- 
festations of collapse without syncope have been 
maintained for as long as an hour or more by 
varying the dose of nitrite and the degree of 
tilting. 

In order to ascertain the effect of nitrite and 
tilting on the blood floiv in the legs, the femoral 
arteriovenous oxygen difference was determined 
at different times under the experimental condi- 
tions described above. Table I presents the re- 


TABLE I 

Effect of O.IS grant of sodium nitrite, followed by tilting to 75°, 
on the arteriovenous oxygen difference of the 
femoral blood of Subject P. C. 


Volumes 
per cent 


Horizontal — control 5.79 

At 75°, 2 minutes after tilting, 14 minutes after 

NaNO-. 7.59 

At 75°, 19 minutes after tilting, 31 minutes after 

NaNOj (fainting) 12.26 

Horizontal, 15 minutes after tilting back to 
horizontal 7.58 


suits of a typical experiment. As indicated, the 
oxj^gen difference, and hence the blood flow, de- 
creased slightly soon after the tilting and reached 
a level of 12.26 volumes per cent at the time of 
the fainting. The degree of slowing, however, is 
not unusual, because similar values have been 
obtained in control observations after standing 
only (7). 
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Fig. 6. Subject S. M. Effect of 0.12 Gram of Sodium Nitrite on the 
Blood Flow through the Hands, One at 45° C. and the Other at 32° C., 
ON THE Arterial Blood Pressure and the Heart Rate. 


The pulse volumes, as measured with oscillo- 
meters, revealed a perceptible increase after the 
administration of nitrite, with the subject in the 
prone position, an observation which is in accord 
with the known effect of nitrite on the larger 
arteries (1). After tilting, with or without ni- 
trite, there was a decrease in the arterial pulse vol- 
umes of both the arm and the leg. This decrease 
paralleled the pulse pressure and the character of 
the pulse by palpation. 

The changes in the skin temperature were vari- 
able, even though care was taken to maintain 
constant room temperature, and repeated observa- 
tions were made. We were unable to correlate 
these changes with any of the other measurements 
of the circulation. In some of the experiments, 
a fall in skin temperature was found on standing, 
but this was not uniformly true. 

In view of the small brachial pulse pressure, 
rapid heart rate and markedly decreased flow 
through the hand toward the end of the vaso- 
motor collapse, it became of interest to ascertain 


whether the electrocardiogram would reveal any 
changes indicating anoxemia of the heart. It 
was rather unexpected to find that the changes, 
even during the height of the collapse, were but 
slight and mainly in the fifth lead, consisting of 
considerably increased amplitude of the T wave, 
slightly out of proportion to the increased rate, 
as indicated in Figure 8. , This absence of change 
in the electrocardiographic complexes is in har- 
mony with lack of symptoms referable to cardiac 
anoxemia. 

DISCUSSION 

In this study, a correlation has been made be- 
tween a group of clinical symptoms and signs and 
the technical measurements of the cardiovascular 
system and the circulation. The syndrome pre- 
sented by the subjects was identical with that ex- 
hibited by patients with a pronounced degree of 
vasomotor collapse, such as is apt to occur in 
pneumonia and other infectious diseases, in an- 
aphylactic shock, abdominal perforation and in 
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Fic. 7. Subject S. M. Effect of 0.12 Gram of SoDiu>r Nitrite 
Followed bv Tiltuvg to 75° on the Blood Flow through the Hands, 
One at 45° C. and the Other at 32° C, on the Venous Pressure in 
THE Foot, the Arterial Blood Pressure and the Heart Rate, 

All iDeasurements of venous pressure are given in relation to the 
right auricle. 


other conditions. The significance of the study 
lies in the fact that continuous observations have 
been made on several aspects of the cii dilation 
in subjects with normal cardiovascular and 
nervous systems, during the induction of col- 
lapse by an agent which exerts no primary effect 
on the heart. Peripheral failure of the circula- 
tion was studied, therefore, in its pure form under 
controlled conditions. 

The primary changes in the circulation, which 
always preceded the symptomatic manifestations 
of collapse, consisted in tachycardia, small arterial 
pulse pressure with small pulse volume (thready 
pulse), fall in the venous pressure and artenolar 
vasoconstriction, as indicated by model ately de- 
creased blood flow of the cool, but not of the 


warm, hand. The small pulse pressure was 
caused mainly by a fall in the s 3 'stolic pressure, 
with fairly well maintained or even elevated dias- 
tolic pressure. Fall in the diastolic pressure was 
observed during the advanced state of collapse. 
It is of particular significance that in the presence 
of these circulatory changes the maximal blood 
flow Avas but moderately decreased, and the sub- 
ject remained free of symptoms. As the above 
described circulatory changes continued, hoivever, 
symptoms of collapse appeared which were asso- 
ciated with a progressive decrease in the maximal 
blood flow. When it had decreased to from 20 
to 40 per cent of its normal rvalue, pronounced 
manifestations of circulatory collapse developed, 
although consciousness and other vital bodily re- 
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wliich he felt weak and dizzy. 


spouses were still niRiiilainecl. Further diminu- 
tion of the blood flow finallj' led to f.ainting, usu- 
ally associated with rapid fall of the diastolic as 
well as of the systolic pressure. This syncope 
exhibited all the characteristics of the vasovagal 
type (9, 10). 

The collapse studied furni.shcs an example of a 
bodily state in which nervous manifestations arise 
secondarily to changes in the vascular system. 
The marked elevation of the cardiac rate, the 
change in arterial pressure and the vasoconstrictor 
response observed in the hand occurred practically 
instantaneously after the tilting and before the 
appearance of subjective symptoms. The eleva- 
tion of the cardiac rate, which in some cases at- 
tained a level of 140 to 160 per minute, and the 
vasoconstrictor response are attributed to the 
stimulating effect of the lowered systolic pressure 
on the carotid sinus and aortic depressor reflex 
mechanisms. Lowering of the arterial pressure in 
these two vascular areas induces a nervous re- 
sponse leading to tachycardia and vasoconstric- 
tion, as has been shown by Hering (11), Hey- 
mans (12) and others. The changes observed 
subsequently are attributed to a progressively in- 
creasing ischemia of the medullary centers. It is 
of fiarticular interest to note that at this time 
hyperactivity of both sympathetic and paras 3 'mpa- 
thetic functions occurred simiiltancously, although 


with the approach of maximal medullary ischemia 
the parasympathetic manifestations became pre- 
dominant. Thus tachycardia, vasoconstriction 
and dilatation of the pupils were observed simul- 
taneously with sweating, yawning, belching, nau- 
sea, cramps (indicating pyloric spasm) and in- 
creased peristalsis. Just before the onset of 
syncope, bradycardia often appeared. This brad- 
ycardia and some of the other evidences of 
paras)'mpathetic overactivity are considered as 
secondary phenomena to the collapse and syncope, 
since the latter syndromes occurred in some sub- 
jects without these parasympathetic manifesta- 
tions. Furthermore, atropine abolishes the brady- 
cardia without essentially influencing the course 
of collapse and syncope. 

From our data and from what we know of 
experiments on animals it is impossible to state 
whether this simultaneous overactivity of both 
the sympathetic and parasympathetic S3'stems de- 
pends entirel3f upon increasing medullary ischemia 
stimulating both types of centers directly, or upon 
a combination of this effect and the action of the 
aortic and carotid sinus depressor reflexes. In 
response to the drop in systolic pres.sure, the latter 
reflexes induce overactivit 3 " of certain S 3 'mpathetic 
functions, and at the same time inhibition of para- 
S3mipathetic functions. The simultaneous ad- 
vanced ischemia of the medulla acts as a powerful 
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stimulus to the vajjal (parasympathetic) centers, 
which would partially or completely overcome the 
inhibitoiw influence of the carotid sinus and aortic 
reflexes, resulting in the simultaneous parasympa- 
thetic overactivity observed. 

The manifestations of increasing cerebral ische- 
mia in man here described corrcsjiond to findings 
in animals. Kisch and Sakai (13), y\nrcp and 
Segall (14), without full appreciation of the role 
of the vascular reflexes, concluded that in animals 
cerebral ischemia produces initial tachycardia and 
vasoconstriction. Subsequently, the vagus center 
is reexcited and brach’cardia or cardiac arrest fol- 
lows. Hc3anans (15) concluded that the vagal 
centers of the dog arc easily stimulated bv acute 
cerebral anoxemia. The responses of the medul- 
lary centers of animals of different species, as 
well as of the same species under different kinds 
of anesthesia, ma}'’ show differences (16, 17, 18). 
Our observations on unanesthetized man in this 
and in previous studies (19, 20) are interpreted 
as indicating that under certain physiological 
stress or pathological conditions partial or general 
overactivity of both sympathetic and parasympa- 
thetic nervous systems may occur simultaneously. 
Such overactivity is produced by stimulation of 
peripheral reflexes or of the centers, or of both 
together. 

The vasomotor collapse described by us de- 
pended on the combined effect of nitrite and tilt- 
ing. The condition was precipitated by the ortho- 
static position of the body, and was promptly 
abolished by a return to the horizontal position. 
The fall in venous pressure and the resultant de- 
crease in return of venous blood to the heart in 
the upright position must be due to a pooling of 
an appreciable amount of blood somewhere en- 
tirely within the vascular bed. Had there been an 
actual loss of a considerable amount of blood or 
plasma from within the vascular bed, as has been 
shown to occur in certain types of circulatory fail- 
ure. complete recovery within such a short period 
of time after returning to the prone position could 
not have been possible. The essential feature of 
the vasomotor collapse induced by nitrite is, theie- 
fore. a disproportion between the circulating blood 
volume and the volume of the peripheral vascular 
bed (decrease of the “effective blood volume”). 
The exact mechanism by which the pooling of 
blood resulting in this disproportion is brought 


aliout will be discussed in a subsequent report 

( 21 ). 

While the vasomotor collapse here described 
depended on the orthostatic position, collapse of 
the circulation can also occur in the horizontal 
position, jM-ovided larger doses of nitrite are ad- 
ministered or a marked susceptibility exists. The 
latter was the case in a few individuals with arte- 
rial hypertension in whom transient collapse and 
.syncope occurred in the horizontal position (1). 
Severe vasomotor collapse also follows the admin- 
istration of large doses of nitrite to animals in the 
horizontal jwsition. The orthostatic position, 
therefore, merely intensified the type of changes 
in the vascular system, which would occur even in 
the horizontal position after the administration of 
large doses of nitrite. 

Prolonged orthostatic position alone, particu- 
larly without motion, can produce in certain 
healthv jiersons changes similar to those here de- 
scribed. As has been discussed in connection with 
postural hypotension (22). under certain physio- 
logical conditions the postural adaptation of the 
circulation may gradually become inadequate as 
standing is maintained (23). In most cases the 
chief cause is not a fault in the postural vascular 
reflexes, which are often operating excessively, 
but a deficient intrinsic vascular tone or poor tone 
in the skeletal musculature. Turner, Newton and 
Haynes (24) have pointed out that certain indi- 
viduals consistently have a tendency to faint after 
a relatively short standing period. Under certain 
conditions, the upright posture may also lead to 
serious consequences (10). It is probable that 
the collapse studied by us could have resulted in 
serious sequelae had the subjects not been re- 
turned promptly to the horizontal position. That 
the position of the body also plays a significant 
role in clinical syncope and collapse is attested by 
bedside observations. These syndromes are fre- 
quentl}'- precipitated in various diseases when the 
patient assumes an upright position. Further- 
more, manifestations of collapse, which develop in 
the horizontal position, may promptly subside if 
the return of blood to the heart and the cerebral 
ischemia are aided by lowering the head and ele- 
vating the lower half of the body (“ Trendelen- 
burg position ”). 

There is an apparent similarity between the col- 
l.apse studied by us and the phenomenon described 
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ns " SpdVtkrnnklu'il ” or “ ^^ravity shock ” which 
(lcvcloj)s if subjects wlio liavc cn.yai^cd in sudden 
and strenuous exercise are kej)l iminohile in tlic 
upri."iit ]iositiou. 'J'liis condition, descrihed l)y 
Jokl (25), W’eltzien (26) and MatecfT and Pet- 
rolT (27). lias iieen studied recently hy Mateeff 
(2S). who claims tliat tlie condition depends on 
the pooIinjT of the iilood in tlie dilated capillary 
bed of the legs following exercise. 

During the state of collajise the degree of ische- 
mia was not the same in various vascular areas. 
At a time when the jiulse was imjierceptihle over 
the radial artery it was still felt over the carotid 
and femoral arteries. When the maximal flow 
was greatly diminished in the hand, the degree of 
i.sclicmia was not alw.ays markedly ahnnrmal in 
the leg. The exact cause of this difTerence is not 
clear, though the distance of the area from the 
heart and the gravity effect must have hecn fac- 
tors. It is also of interest that the electrocardio- 
grams failed to reveal any appreciable amount of 
myocardial anoxemia. The exiilanation of the 
latter finding may lie in the ]5ossihility that the 
relative decrease in the coronary circulation was 
less than that in the extremities, and was not out 
of proportion to the decrease in the work of the 
heart, which must have been considerable. This 
explanation seems to be applic.able to similar elec- 
trocardiographic findings in the presence of clini- 
cal syncope, collapse and shock (IS, 19, 29). 

The demonstration of severe derangement of 
the circulation with secondar)' disturbances of the 
functions of several organs in healthy subjects 
■"'ith normal cardiac and vascular reserves offers a 
rational implication for a similar state of affairs 
m disease, in which there is lusually an impaired 
nervous or cardiovascular reserve. The reason 
for the progressive downhill course of patients 
with collapse, unless the etiological factors are 
eliminated in time, becomes obvious. 

summary 

1. Sodium nitrite, in an amount which pro- 
duces no symptoms and only slight if any changes 
in the circulation in the horizontal position, causes 
circulatory collapse in the immobile upright posi- 
tion. 

2. S3'mptomatic manifestations of this circula- 
tory collapse, which are identical with those in 


disease, have been correlated with the changes in 
the circulation. 

.3. Tach 3 'cardia, fall in the systolic pressure, 
small arterial pulse pressure and pulse volume, 
fall in the venous pressure in the foot, arteriolar 
constriction with a moderate or pronounced de- 
crease in the " actual " blood flow but with only 
a small decrease in the “ maximal ” blood flow in 
the hands ])rcceded the symptoms of collapse. 

4. Pronounced manifestations of circulatory 
collapse a])peared when the maximal blood flow 
through the hands reached a level of 20 to 40 per 
cent of the normal value. Simultaneously, there 
was a fall in the venous pressure, usually reaching 
a level below that of the right auricle. Further 
decrease in blood flow resulted in vasovagal syn- 
cope. 

5. Even in the presence of markedly decreased 
blood flow during collapse or syncope the com- 
plexes of the electrocardiogram revealed but 
minor changes. 

6. Changes in the autonomic nervous system 
appeared as secondary manifestations to the pri- 
mary action of nitrite on the peripheral vascular 
S 3 'stem. It is concluded that the simultaneous 
overactivity of the sympathetic and parasympa- 
thetic autonomic nervous systems arose first 
through peripheral vascular reflexes and subse- 
quently through medullary ischemia. 

This investigation was carried out with the technical 
assistance of Miss Josephine M. Meintire. 
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An cxpcrinientnl study of llic vasomotor col- 
lajtse induced by sodium nitrite in normal subjects 
in tlie npriglit jiosition lias revealed that the state 
of collapse is accom]ianied by a fall in venous 
pressure and an inadeciuate return of venous blood 
to the heart from the lower half of tbe body (1). 
As long as the subject remains in tbe prone posi- 
tion, a small dose of sodium nitrite will jiroduce 
no si-nijitoms and onl}' slight, if any, measurable 
circulatory changes in terms of blood iiressure. 
heart rate, arterial blood flow or venous pressure. 
Y'hen the subject is raised from the horizontal 
to the upright position after the same dose of 
nitrite, however, he soon develops signs and symp- 
toms of collapse. After nitrite has been given, 
the peripheral circulation is unable to adjust itself 
to the strain of the orthostatic position. 

Our purpose in the present work was further to 
clarify the mechanism of the nitrite collapse. On 
rising to the upright position, the greatest relative 
change in the circulation is on the venous side of 
the vascular system in the lower half of the body. 
Here the venous pressure is normally raised from 
an average prone value of 5 cm. of water to about 
100 cm. of water in the feet and 50 cm. in the 
abdomen. This consideration, as well as the fact 
that previous studies revealed no appreciable dila- 
tation of the arterioles or change in the cardiac 
output after nitrite (2), turned our attention to 
the venous side of the circulation as possibly one 
of the most important sites of action of sodium 
nitrite. AVe therefore undertook to test the effect 
of nitrite on the distensibility of the peripheral 
vascular beds under increases in venous pressure. 
We were particularly interested to know whether 
the effect of nitrite on the venous system is gen- 
eralized or limited to certain vascular areas, such 
as the splanchnics. 

In the present stud)^ the hands of normal sub- 

^ This investigation was aided in part by a grant from 
the Josiah Macy, Jr., Foundation. 


jects were jtlaccd under known increases in venous 
pres.sure, and the corresponding increases in hand 
volume were measured both before and after the 
administration of nitrite. The subject remained 
in the prone position and in this way other fac- 
tors, stich as changes in arterial blood pressure, 
pulse or blood flow, were eliminated. Capps, 
working in this laboratory, developed this method 
as a means of measuring the tone or “ resistance 
to stretch ” of the capillaries, venules and veins 
of the hands in both normal and diseased states 

(3) . We have used this procedure, with minor 
modifications, with satisfactory results. 

METHOD 

The subject rested in a comfortable horizontal posi- 
tion for at least 45 minutes after all apparatus had been 
adjusted before any observations were begun, and re- 
mained in this position throughout an experiment. Ar- 
terial blood pressure was determined in the arm by the 
usual auscultatory method, using a mercury manometer. 
The heart rate was counted by arterial palpation or from 
the plethysmographic tracings. The rate of blood flow 
was determined by Freeman’s modification of the plethys- 
mographic method of Hewlett and Van Zwaluwenburg 

(4) . The averages of from 5 to 10 separate tests were 
used for each measurement of the blood flow. 

After the blood flow had become constant, the tone of 
capillaries, venules and veins was determined by measur- 
ing the increases in volume of the hand when subjected 
to increases of venous pressure in amounts of 10 mm. 
Hg up to SO mm. Hg. This was done by inflating a 
pressure cuff around the wrist at these pressures. To 
avoid the possible objections that the resultant changes 
in volume are due in part to reactive hyperemia, edema 
formation or spontaneous changes in hand volume, each 
pressure was done separately, so that the time during 
which the pressure was applied was only a few seconds 
and any change in the base line was immediately ap- 
parent. 

In determining the increments in volume, the hand 
volume at 10 mm. Hg venous pressure was used as the 
base, by subtracting the increase due to 10 mm. Hg from 
that due to 20, 30, 40 or SO mm. Hg, respectively. This 
procedure eliminates the effect of any possible spontane- 
ous variation in systemic venous pressure, and also makes 
all the increments in volume due to equal increments in 
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venous pressure (10 niiu. Hg:). Tiic lotal Iiaiid volume 
was determined by measuring tlic displacement volume 
of water in tlic plctiiysmograpli. From tins tiic volume 
changes were calculated per liter of hand volume. 

The responses of these various functions to the fol- 
lowing experimental conditions were dclcrmincd on each 
of 6 normal subjects on separate days: (J) Botli hands 
were kept at a temperature of 32° C. (normal hand 
temperature). After several normal control values had 
been obtained, the elTect of an oral dose of 0.12 to 0.18 
gram (2 to 3 grains) of .sodium nitrite was mca.surcd. 
(2) Both hands were kept at 37.5° C. (body tempera- 
ture). After cstablisliing normal values, the ctTcct of 
the same dose of sodium nitrite was determined. (3) 
One hand was kept at 32° C., and the other maximallj’ 
dilated at 45° C. Tin's heat not only caused local dila- 
tation in the hot hand, but also produced reflex vasodila- 
tation with maintained va,somotor reactivitj’ in the cool 
hand. After constant values had been established, the 
effect of the same dose of sodium nitrite was measured. 

RESULTS 

Figure 1 shows the tracings obtained from a 
typical subject, S. M. Both hands, at 32° C., 
were subjected to increases in venous jircssure, 
which caused corresponding increases in hand vol- 
ume. These increases in volume Avere remark- 
ably constant on repeated tests under the same 
conditions. After 0.12 gram (2 grains) of so- 
dium nitrite had been given, however, there was 
a marked increase in the volume changes pro- 
duced b}^ the same venous pressures. It is im- 
portant to note that after nitrite, although there 


wa.s a definite decrease in the resistance of the 
“ venous ” vessels to stretch, as measured by the 
licight to which the curves rise, there ivas simul- 
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* ~aOMM " aOMM 4 0 MM ’ "so" M M " 

B'_OOD FLOW 10.0 CC. PtR MJNUTE PER 100 CC.HAND 

1. BEFORE NITRITE 



BEOOO FEOiV 6.5 CC. PER MINUTE PER 100 CC.HAND 


JI. 20 MINUTES AFTER NITRITE 

Fig. 1. Subject S. M. Plethvsmographic Records 
or THE Volume Increases Caused by Increases in 
Venous Pressure in Both Hands at 32° C., Before 
AND After the Administration of 0.12 Gram of So- 
dium Nitrite. 



Fig. 2. Subject S. M. Volume Increases Caused by 
Increases in Venous Pressure in One Hand at 32° C. 
Before and After the Administration of 0.12 Gram of 
Sodium Nitrite. 

The hand volume at 10 mm. Hg venous pressure was 
used as a base. 
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Fig. 3. Subject S. M. Effect of 0.12 Gram of 
Sodium Nitrite on the Venous Tone and the Blood 
Flow in One Hand at 32° C., os the Arterial Blood 
Pressure and on the Heart Rate. 

The venous tone is measured by the increase in hand 
volume per liter of hand produced by increasing the 
venous pressure from 10 to 30 mm. Hg. 

taneously an increase in the resistance offered by 
the arterioles to the flow of blood, indicated by 
the steepness with which the curves rise. Hence, 
after the administration • of nitrite there was 
within the same vascular area both a decrease 
in venous tone and at the same time an increase 
in arteriolar tone. The arteriolar constriction 
shown in this instance we believe is a response 


to and not a result of the nitrite, as it did not 
occur in every case. An arteriolar dilatation was 
never demonstrated after nitrite, however; there 
was either no change or, as in this case, a slight 
constriction. Therefore, we conclude that the 
changes produced directly by nitrite must involve 
elements of the vascular bed peripheral to the 
arterioles, i.e., capillaries, venules and veins. 
This is in agreement with Capps’ conclusions (3) 
that his method actually measures the tone of 
those vessels peripheral to the arterioles, mainly 
the venules and the veins. 

In this subject, therefore, the capillaries, ven- 
ules and veins of the hand were distended by 
the same venous pressures from 20 to 30 per cent 
more after nitrite than before. Figure 2 is a 
graph of the volume ihcreases caused by in- 
creases in venous pressure, before and after the 
administration of nitrite to the same subject (S'. 
M.).. 

Figure 3 is a chart of the whole experiment, 
showing the changes in pulse, blood pressure, 
blood flow and “ venous ” tone. For the latter 
values the increment in hand volume produced 
by the increment of venous pressure from 10 to 
30 mm. Hg has been calculated for each liter 
of hand volume. This gives a single figure rep- 
resentative of the changes as graphed in Figure 2. 

Figure 4 shows the effect of 0.18 gram (3 



Fig. 4. Subject R. W. Volume Increases Caused by 
Increases in the Venous Pressure of the Two Hands at 
37.5° C. Before and After the Administration of 0.18 Gram 
OF Sodium Nitrite. 

The hand volume at 10 mm. Hg venous pressure was used 
as a base. 
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grains) of sodium nitrite on the tone of the capil- 
laries, venules and veins of the hands of Subject 
R. W. Both hands were at 37.5° C. It should 
be noted that although there was a decided de- 
crease in the tone of these vessels (i,e., a “ dilata- 
tion ”) after the nitrite, there was little or no 
change in blood pressure, pulse or blood flow. 
There were no symptoms. It is of interest that 
these changes in venous tone were not apparent 
under the normal low venous pressures of the 
prone position. The hand volume increased only 
slightly, if at all, after the administration of 
nitrite. 

After small doses of nitrite, some subjects 
showed slight or no change in the venous tone 
of the hand, especially at the lower tempera- 
tures, which cause local vasoconstriction. When 
the hands were already moderately dilated, how- 
ever, as at body temperature (37.5° C.), or re- 
flexly dilated by immersing the opposite hand in 
hot water (45° C.), the effect of nitrite on the 
venous tone became more apparent. 

Of 6 subjects tested with both hands at 32° C., 
only 2 showed a definite decrease in venous tone 
after nitrite, 2 showed a slight decrease and 2 
showed no change. Of 5 subjects tested at 37.5° 
C., 4 showed a definite decrease in tone and 1 


showed a slight decrease. Of 6 subjects tested 
with one hand at 32° C., reflexly dilated by hav- 
ing the other hand at 45° C., 5 showed a defi- 
nite loss of tone after nitrite, while 1 showed no 
change. 

Figure 5 is a graph of the changes in tone 
after the administration of nitrite in Subject T. L. 
at various temperatures and shows the trend of 
the results of the whole group. There was no 
change after nitrite wuth both hands at 32° C.; 
a definite decrease in tone after, nitrite with both 
hands at 37.5° C. ; and a decrease also with the 
hand at 32° C. reflexly dilated by keeping the 
opposite hand at 45° C. 

We have found that at local temperatures above 
40° C. this method for measuring the tone of the 
capillaries, venules and veins in the hand is im- 
practical. At these temperatures there is either 
no effect or an apparently reverse effect after 
nitrite. Likewise, at such high temperatures we 
have found that other procedures, such as eleva- 
tion of the body to an upright position, which we 
know should increase the tone of these vessels, 
apparently result in an increase in distensibility. 
Measures which cause dilatation, on the other 
hand, as returning the subject to a horizontal from 
an upright position, apparently cause a decrease 



Fig. S. Subject T. L. Volume Increases Caused by In- 
creases IN THE Venous Pressihie of the Right Hand at 32 ° C., 
AT 37 . 5 ° C. AND AT 32 ° C. Reflexly Dilated by Having the Left 
Hand at 45 ° C. Before (Solid Line) and After (Broken Line) 
THE Administration of 0.18 Gram of Sodium Nitrite. 
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in distcnsibility. This effect is possibly due to 
the fact that at this high temperature the vascular 
bed of the hand is already fully dilated and there- 
fore distended against the integument and fascia 
of the hand. Any further distention is actually 
against the skin and fascia, and not of the vessels 
alone. The more completely the vessels are al- 
ready dilated, the less the hand can be further 
distended by any means, because of the limiting 
effect of the inelastic integument. Since the 
method used depends upon the ability of the ves- 
sels to distend freely under increases in venous 
pressure, it obviously cannot be used in the hand 
when the vessels are already completely or almost 
completelj" dilated by local heat. Except for this 
objection, the method has given uniformly satis- 
factory results. 

Vasomotor responses after administration of 
the nitrites. It has been shown that the changes 
in venous tone produced by sodium nitrite are 
independent of the existing state of the arterioles. 
It was of interest to ascertain whether under such 
conditions the responses of the arterioles, as well 
as of the venules and veins, are influenced by ni- 
trites. We have therefore analyzed the vaso- 
motor effects of two types of stimuli, namely, 
those of pinch and of increased respiratory move- 
ments. The effect of pinch on the vascular sys- 
tem of the normal hand has recently been studied 
by Capps (5). He has shown that this noxious 
stimulus produces a sudden and transient decrease 
in the blood flow due to reflex arteriolar, constric- 
tion, and, in addition, a reflex contraction of the 
venous vessels. The changes in these two types 
of vessels do not necessarily parallel each other. 
The arteriolar changes are more regular and more 
intense. Uhlenbruck (6) and Stiirup, Bolton, 
Williams and Carmichael (7) have also demon- 
strated a reflex decrease in volume of the human 
arm and finger after deep inspiration, as well as 
after pain and other stimuli. 

Our observations have confirmed the findings 
of these workers. We also found that these re- 
flex vascular changes caused by pinch and respira- 
tion remain qualitatively and apparently quantita- 
tively the same after nitrite as before. The in- 
crease in blood flow in response to an elevation 
of the local temperature, which depends upon the 
relaxation of the arterioles, is also the same after 
nitrite as under, normal control conditions. These 


observations indicate that in spite of the changes 
in the venous tone following nitrite the vasomotor 
reactivity of the vessels was essentially main- 
tained. 

DISCUSSION 

The results of the previous experimental study 
of collapse produced by sodium nitrite suggested 
that in this type of collapse the essential change 
is in the peripheral circulation (1). After even, 
small doses of nitrite there is a loss of tone of the 
peripheral vascular beds so that under the in- 
creased venous pressures of the upright position 
they dilate in the lower half of the body until they 
hold a considerable portion of the total blood 
volume. As a result, there develops a dispropor- 
tion between the total volume of blood and the 
total volume of the vascular beds, which we be- 
lieve is the fundamental mechanism of collapse. 
Large doses of nitrite alone may produce this 
state without the additional stress of the upright 
position. 

Whatever essential primary action sodium nitrite 
has on the peripheral circulation must be independ- 
ent of the position of the subject and should also 
be present in the prone position. In this study 
we have demonstrated a specific effect of nitrite 
on the peripheral “ veins ” by measuring the in- 
crease in volume of the hand due to known in- 
creases in venous pressure. We have shown that 
the hands are distended by the same venous pres- 
sures from 20 to 40 per cent more after nitrite 
than before. 

Capps has previously shown that the method 
measures the tone of the capillaries, venules and 
veins of the hand. Our results confirm his con- 
tention that this test does not measure the tone of 
the arterioles. Furthermore, we have shown that 
small doses of nitrite do not essentially affect the 
tone of the arterioles or their reflex or local 
vasomotor responses to various types of stimuli. 
Thus, in the presence of decreased venous tone 
the reactivity of the arteriolar system is main- 
tained. The fact that arteriolar constriction and 
“ venous ” dilatation have been observed simul- 
taneously within such a small localized area as 
the hand, while the other bodily functions re- 
mained in the control state, suggests that simul- 
taneous constriction of the arterioles and dilata- 
tion of tlie venous vessels may occur in collapse 
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clinically and can develop without the presence 
of increased epinephrine secretion. The marked 
arteriolar constriction (as indicated by a very low 
blood flow) present at the height of the circula- 
tory collapse which we produced experimentally, 
as Avell as that which occurs clinically, can be ex- 
plained as a secondary response to and not the 
primary essential pathological physiology of col- 
lapse. This sharp arteriolar constriction, on the 
other hand, coupled with the small arterial pres- 
sure, may result in such a low blood flow to the 
tissues that a dangerous degree of anoxemia is 
produced. When this anoxemia involves the 
vital centers, such damage may be done to them 
that a “ vicious circle ” is established, and the pa- 
tient goes deeper into collapse and dies. 

The demonstration of decreased venous tone 
in the hand indicates that the venous system of 
the splanchnic area is not the sole site of the pool- 
ing of blood and is not a specific area for a 
” venous depot ” in collapse. In the upright posi- 
tion the arms and hands become such blood de- 
pots, as well as the feet, legs and abdominal vis- 
cera. In the horizontal position, likewise, all the 
dependent portions of the body play such a role, 
if the venous tone is decreased. This is borne 
out amply by clinical observations on patients in 
collapse. 

That the role of the spleen and of the splanch- 
nic area as representing “ blood depots ” has been 
overestimated is supported by observations on ani- 
mals. Dale and Richards (8) have noted that 
the vasodepressor effect of histamine is main- 
tained after animals have been eviscerated. Frey 
and Kraut (9) have concluded that the vaso- 
depressor effect of certain organic substances de- 
pends on vasodilatation in the skin and muscles. 
Weiss, Robb and Ellis (10) and Wollheim (11) 
indicated that the subpapillary venous plexuses 
of the skin under certain conditions represent im- 
portant blood reservoirs. Hochrein and Keller 
(12) attributed such a function to the pulmonary 
veins. Lindgren (13) has attributed an impor- 
tant role to vascular changes within the muscles 
in collapse. 

As far as we know, the data here presented 
represent the first direct evidence that a chemical 
substance, namely, sodium nitrite, may lead to 
circulatory collapse by acting primarily on the 
venous side of the circulation, reducing the tone 


of the capillaries, venules and veins. Presumably 
other vasodilating drugs and toxins may act in 
a similar way. Histamine has been shown to 
have a dilator effect on the human venous vessels, 
and when given in small doses this may be its 
only action on the vascular system (10). By 
showing that a loss of venous tone is accompanied 
by a tendency to collapse, we have established the 
value of tests which measure the tone of the capil- 
laries, venules and veins in the study of collapse. 
Postural adaptation tests, since they indirectly 
measure the “ venous tone ” in the lower half of 
the body, are of value (14). The test of venous 
tone in the hand offers a method likely to prove 
valuable to clinical investigators. Investigation 
of the venous side of the circulation will prove 
fruitful in solving the problems of peripheral 
circulatory collapse. 

SUMMARY 

1. The vascular tone and vasomotor reactions 
in the hands of normal subjects have been studied 
by plethysmographic methods before and after 
the administration of from 0.12 to 0.18 gram of 
sodium nitrite. 

2. Sodium nitrite decreases the tone of the 
veins of the hand, as indicated by the decrease in 
resistance of these vessels to graded pressure. 
The volume of the hand remains essentially un- 
changed at a normal level of venous pressure, but 
it becomes increased from 20 to 40 per cent more 
after nitrite than before, at elevated venous pres- 
sures. The decrease in tone of the veins after 
nitrite is less at a local temperature of 32° C. than 
at 37.5° C., or at 32° C. with reflex dilatation. 

3. The tone of the arterioles, as indicated by 
the blood flow, remains normal even in the pres- 
ence of a pronounced decrease of venous tone. 

4. The vasomotor responses of the arterioles 
and veins to certain local and reflex stimuli are 
maintained in the presence of decreased venous 
tone. 

5. On the basis of the observations described 
in this and in the preceding study, it is concluded 
that the primary action of sodium nitrite is^ on 
the venous side of the circulation. This action, 
under elevated pressure, results in a dispropor- 
tionate increase in the volume of the venous sys- 
tem, causing peripheral pooling of venous blood 
and hence collapse. 
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6. Tiie observations reported represent addi- 
tional evidence demonstrating that the splanchnic 
area is not the sole or the specific vascular area 
functioning as a blood reservoir (depot) in col- 
lapse. 

7. The studies demonstrate the active role of 
the venous system and gravity in certain types of 
collapse. 

This investig.ntion was carried out with tlie tccimical 
assistance of Miss Josephine M. Meintire. 
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A study has been made of the colloidal osmotic 
pressure of human sera and pathological accumu- 
lation of fluids in an effort to gain information 
concerning the relations of semipermeable mem- 
branes and biological colloids and particularly to 
determine in serum the osmotic effects of the im- 
portant colloids, albumin and globulin. 

METHOD 

For the sake of economy of material and technical 
simplicity an osmometer with a flat membrane was se- 
lected. For membranes, collodion, prepared according to 
the method of Pierce (1) was used at first, since the 
results seemed to be uniform and reproducible. How- 
ever, this was soon abandoned for cellophane, with which 
all the measurements here presented were made. This 
material was used by Govaerts (2) for his original ex- 
periments in 1923 and has been shown by Turner (3) 
to be well adapted to measurements of colloid osmotic 
pressure. It can be secured in a highly uniform quality> 
and a single sheet, a meter square, is sufficient for a great 
number of measurements. It has another property which 
led to its substitution for collodion. Hitchcock (4) has 
shown, that collodion films absorb protein in definite 
relation to their permeability. Collodion may also ab- 
sorb other constituents from solutions. It has been 
found that HCl is formed when collodion is shaken with 
solutions of KCl. Smith and Sternberger (5) found 
that as much as 12 per cent of the calcium of serum 
was adsorbed by collodion sacs in ultrafiltration experi- 
ments. It was demonstrated by preliminary experiments 
that cellophane does not adsorb protein from serum or 
diluted serum, a fact which Hitchcock (6) had estab- 
lished for other proteins. The effect of adsorption of 
protein by the membrane on measurements of osmotic 
pressure is not known because the osmotic activity of 
the adsorbed protein has not been determined. Neverthe- 
less, the use of a membrane which does not adsorb pro- 
tein would seem to be preferable if only because it 
eliminates one unknown factor. Experiments have not 
been made to ascertain whether cellophane, like collodion, 
adsorbs other ions or forms HCl from KCl. 

The osmometer finally adopted is illustrated in Figure 
1. It is not strictly original in design, but a modification 
of those described by Govaerts (2), Krogh and Naka- 
zawa (7), Hill (8) and Moore and Roaf (9). It is so 


^ Part of the expense of this investigation was met by 
a grant from the Ella Sachs Plotz Fund. 

-Alexander Brown Coxe Fellow in Medicine. 


constructed that the fluid under examination comes into 
contact only with glass, rubber and the membrane. The 
metal clamping pieces are entirely external, to eliminate 
electrical charges on metallic ions, which, as Cox and 
Hyde (10) have shown, may have a definite effect in 
ultrafiltration. 

The osmometer was at first set up in the usual man- 
ner, the membrane supported by a hard rubber disc 
perforated with many fine holes. Against the lower 
surface of the perforated disc was placed a piece of 
blotting paper saturated with normal saline. This was 
separated from the salt solution of the constant tem- 
perature water bath by an air bubble. Owing to capil- 
larity set up by the moisture in the holes of the perforated 
disc and by the surface film of the air bubble, erratic 
results were obtained. When the manometers were set 
up with physiological salt solution in the cell and on 
the blotting paper the pressure on the balancing ma- 
nometer plus the column of fluid in the capillary tube 
above the surface of the bath did not equal, as it should, 
the sum of the rise in the capillary tube plus the height 
of the air bubble below the manometer. However, when 
the supporting disc and the air bubble were removed, 
i.e. when saline was in contact with both sides of the 
membrane, more nearly theoretical results were obtained. 
Therefore, the supporting disc was discarded and the 
manometer set up as it is depicted in the figure, with 
no air bubble and with blotting paper alone to support 
the membrane. 

The cellophane is first thoroughly washed in saline to 
swell it and to remove glycerol. It is then cut into discs, 
each of which is floated in saline between a disc of white 
blotting paper and a thin rubber washer of the same size. 
When they are required for use the membranes with 
washers and blotters are pressed gently between pieces 
of dry filter paper to remove excess saline, after which 
they are placed in the osmometer, where they are held 
by firm pressure from the bottom metal cap. Just 
enough fluid to be examined is now introduced through 
the top so that it will overflow when the capillary tube 
is in place, with care to exclude the formation of bubbles. 
The capillary tube is added, the top gland nut screwed 
down, and the capillary tube moved until the meniscus 
stands about 70 mm. above the body of the instrument. 
The osmometer is placed in the water bath and connected 
by heavy-walled rubber tubing to the balancing column 
of air and water. Low vapor pressure stopcock grease 
is used to seal joints. The air bubble trapped under the 
blotting paper is carefully removed. 

The meniscus is observed by means of a thermometer 
reader which is placed on the tube at the original level 
of the meniscus. Sufficient counter pressure is applied 
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Fig. 1. Detail Osmometer: (a) as it was First Set Up; (b) as it was Finally Used. 


with a leveling bulb so that the volume of fluid in the 
osmometer does not change. Frequent adjustments are 
necessary in the first several hours. The final reading 
is made at the end of 24 hours. The balancing pressure 
is measured on a more conveniently located scale against 
which the leveling bulb is moved. 

The temperature of the bath was kept at 20® C. i: 0.10 
by means of a toluene-mercury thermoregulator in con- 
junction with a relay and heating coil, circulation being 
maintained by a jet of air. Since 0.2 mm. capillary tub- 
ing was employed, the volume of serum in the chamber 
was large in proportion to that in the tubing. Therefore, 
changes in pressure manifested themselves quickly in 
movements of the meniscus. The latter was observed 
with an ordinary thermometer reader, which gave results 
as precise as the error in the entire method justified. 
Readings were made at the end of 24 hours and verified 
after a further interval of 2 hours. If tapping the tube 
changed the level of the meniscus, another reading was 
made. It was found that after 24 hours, readings re- 
mained constant. These observations were made before 
the publication of Yanagi (11) who found an apparent 
change in the colloid osmotic pressure of hypoproteinemic 
sera after the fifth or sixth hour. This point was not 
examined specifically. However, there is no evidence, as 
will be shown later, that the colloid osmotic pressure of 
sera with low proteins is lower than theoretical con- 
siderations demand. Repeated measurements of the capil- 


larity of the glass tubes of the osmometers averaged 48 
mm. with a variety of sera. Because sufficient material 
was not always available to permit separate determina- 
tions of this correction on each sample of serum, a 
standard correction of 48 mm. was used. All determina- 
tions were made in duplicate, some in triplicate. 

Dilutions of sera were made by adding to 1 or more 
whole cc. of serum the desired amount of physiological 
saline by drops from a pipette that yielded 30 drops per 
cc. Sera were not analyzed for protein after dilution. 

Serum proteins were determined by Howe’s (12) 
method. 

Blood was withdrawn without stasis, and serum was 
removed with anaerobic precautions (13) to prevent ex- 
changes of water between serum and cells. 

In 35 instances, measurements were made on native 
serum and on the same serum diluted with saline. In 
75 of these experiments 2 dilutions were examined, in 
the other 18 only one. These dilution experiments served 
a double purpose: they permitted an investigation of the 
effects of dilution on osmotic pressure and at the same 
time provided large families of sera containing equal 
concentrations of either albumin or globulin. 

It is difficult with serum to ascertain the actual error 
of the method because serum cannot be stored for any 
considerable period and because sera with identical con- 
centrations of protein can not be found. An ampoule 
of acacia (Lilly’s), opened with aseptic precautions, after 
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dilution with sterile water, was subdivided into 10 cc. 
lots, each of which was placed in a sterile scaled ampoule. 
This provided a stock of constant material, 6 per cent 
acacia in normal saline, that could be used at intervals 
to check the method. The average reading from IS dif- 
ferent observations on this material was 252 mm. H-0, 
with a standard deviation of 7 and a maximum deviation 
of 11 mm. These readings agree fairly closely with 
measurements made by Dr. Abby H. Turner on the 
same material. 


TABLE I 

Differences beltvccn duplicate measurements of colloid 
osmotic pressure of serum 


Ransc of 

T 

Number 

of 

obscr- 

\*alions 

Averace 

1 difference 

Standard 

deviation 

1 

Average 

difference 

■mm. IltO 


tnm. UiO 

tKm. HiO 

per cent 

<50 

5 

10 

11.4 

22.5 

SO to 100 

16 

6 

7.8 

6.8 

100 to 150 

34 

8 

10.4 

6.4 

150 to 200 

19 

8 

9.5 

4.6 

200 to 250 

33 

11 

14.7 

4.7 

250 to 300 1 

24 

10 

12.5 

3.6 

300 to 350 

14 

16 

19.6 

5.2 

> 350 

6 1 

8 

11.7 

2.1 

Total 

151 

1 

7.5 

12.5 

7 


Table I presents statistically the differences between 
duplicate or triplicate analyses of sera. The errors are 
approximately the same at all levels of osmotic pressure 
and therefore relatively larger when the osmotic pressure 
is small. The probable error can be taken as about 10 
mm. of water. This is undesirably large, but seems from 
experience close to the minimum that can be achieved by 
clinically practicable techniques. It is evident that meas- 
urements on serum are far less reproducible than similar 
measurements on standard solutions of acacia. This may 
be partly referable to the fact that the proteins of serum 
are subject to bacterial and enzymatic decomposition 
against which no precautions other than chemical cleanli- 
ness were taken. 

ANALYSIS OF RESULTS 

The experimental data are presented in Table 
II. In all, there were 173 examinations of 121 
sera from 103 subjects, normal adults and pa- 
tients with a great variety of diseases. The first 
51 determinations represent the 17 experiments in 
which the osmotic pressure was measured in na- 
tive serum and two dilutions ; the next 36, the 18 
experiments in which measurements were made in 
one dilution ; the remainder record single observa- 
tions. In some instances the same subject was 
examined on more than one occasion. In the sta- 
tistical analyses described below the third observa- 
tion (second dilution) on the serum of Subject 12 


TABLE n 


Serum protein and colloid osmotic pressure {Bracketed data 
represent dilutions from single samples of serum) 


Subject 

Albumin 

Globulin 

Osmotic 

pressure 


per cent 

per cent 

mnt. HiO 



'4.00 

1.54 

230 

1 


3.00 

1.16 

153 



2,00 

0.77 

91 



^4.00 

2.58 

230 

2 


3.00 

1.93 

148 



,2.00 

1.29 

93 



3.07 

2.00 

207 

3 


3.00 

1.95 

191 



2.00 

1.30 

122 



2.44 

2.97 

166 

4 


1.64 

2.00 

114 



0.82 

1.00 

100 



3.00 

1.52 

169 

5 


2.00 

1.01 

109 



1.00 

0.51 

88 



3.00 

1.98 

204 

6 

■ 

2.00 

1.32 

157 



1.00 

0.66 

94 



5.00 

2.12 

303 

7 

■ 

4.00 

1.70 

217 



3.00 

1.27 

147 



1.58 

2.00 

141 

8 


1.00 

1.27 

73 



0.79 

1.00 

81 



4.00 

2.49 

220 

9 


3.00 

1.87 

135 



2.00 

1.25 

112 



4.31 

2.00 

269 

10 


3.00 

1.40 

187 



2.00 

0.94 

127 



[3.00 

2.95 

201 

11 


2.00 

1.96 

134 



1.00 

0.98 

81 



3.28 

2.35 

250 

12 

, 

0.91 

0.29 

72 



0.89 

0.04 

69 



4.00 

2.25 

277 

13 


3.55 

2.00 

214 



1.78 

1.00 

101 



[3.00 

3.07 

205 

14 


2.00 

2.05 

115 



1.00 

1.02 

48 



4.61 

5.10 

380 

15 

i 

4.00 

4.33 

334 



3.00 

3.32 

262 



4.00 

5.45 

330 

16 

1 

3.00 

4.08 

191 



2.00 

2.73 

153 



3.00 

3.47 

205 



2.00 

2.31 

109 



1.00 

1.16 

65 


/ 3.91 

2.55 

235 

1 / 

\2.09 

1.12 

139 


fl.86 

2.53 

96 

lo 

1 1.00 

1.36 

35 


/4.49 

2.36 

291 

ly 

1 1.00 

0.53 

45 

20 

/4.15 

2.05 

232 

\2.07 

1.02 

124 

21 

J 4.25 

1.95 

234 

\2.12 

0.98 

128 

22 

;3.17 

4.19 

214 

I0.99 

1.06 

80 


;4.27 

2.00 

221 

23 

\2.14 

1.00 

42 
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TABLE n — Cojltiuucd 


TABLE 11 — Continued 


Subject 


24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

14 

17 

18 
19 


22 

23 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 


Albumin 


Per cent 

/3.00 
\ 2.00 
/3.37 
1l.61 
/2.05 
\1.70 
/4.00 
\ 2.00 
13.00 
\ 2.00 
/4.05 
\ 2.00 
/3.97 
1 1.89 
/3.35 
\ 2.20 
/3.97 
\1.99 
;3.oi 
\ 2.00 
/2.70 
\1.36 

3.52 
3.73 
1.55 
4.33 

4.39 
4.72 
2.90 

3.70 

2.45 
3.63 
4.12 
4.33 
3.60 

4.48 
4.97 
4.11 

3.40 

5.47 

4.49 

4.45 
2.79 
4.18 
4.24 

4.48 

4.00 

3.00 

4.53 

4.20 

3.21 
4.42 
4.88 
2.57 
4.28 

4.70 

2.00 
3.94 
4.11 
3.84 
3.66 
1.61 

3.22 
3.38 
3.00 
5.09 
3.84 


Globulin 


per cent 
1.88 
1.25 
2.07 
1.00 

2.37 

2.00 

2.38 
1.19 
2.89 
1.93 
3.52 
1.74 
2.00 
1.00 

3.05 
2.00 

2.07 
1.04 
1.46 
0.97 

4.00 

2.00 
1.99 
2.37 

2.34 
2.00 
2.30 
2.60 
3.60 
2,00 

1.06 

1.88 

2.50 
1.64 
2.82 

2.54 

2.10 

2.08 

3.22 
2.57 
2.37 
2.28 
2.57 
2.00 

2.35 
2.30 
2.00 

1.22 

1.96 

2.96 

3.36 
2.12 
2.43 
2.23 

3.92 
2.29 
2.06 
3.13 

3.50 

3.02 

2.55 
1.00 
2.00 
2.09 
1.62 

2.36 

1.92 


Osmotic 

pressure 


mm. TliO 

171 

119 
256 
106 

120 
91- 

255 

169 

192 

113 
326 
140 
273 
109 
219 
119 
219 
107 
216 
122 
191 

82 

221 

261 

91 

242 

307 

332 

228 

172 
206 
223 
223 
303 
279 
260 
309 
258 
237 
404 

284 
253 
171 
283 
247 
307 
191 
139 
245 
300 
225 
324 
355 

114 
258 
253 

129 

285 
265 
261 
269 

130 
204 
198 
171 
375 
261 


Subject 

Albumin 

Globulin 

Osmotic 

pressure 


per cent 

per cent 

mm. EiO 

66 

5.98 

2.60 

465 

67 

3.17 

1.96 

179 

68 

4.04 

3.44 

272 

69 

5.34 

2.80 

412 

70 

4,32 

2.00 

287 

71 

4.57 

2.37 

292 

72 

4.24 

2,09 

226 

74 

2.93 

1.67 

193 

75 

1.88 

1.66 

121 

76 

4.18 

1.89 

311 


4.19 

2.29 1 

378 

77 

5.00 

2.20 1 

405 

78 

1 2.98 

1.29 

191 


1 3.14 

1.76 

213 

79 

4.15 

1.95 

291 

80 

4.37 

1.93 

302 

81 

4.80 

1,85 

325 

82 

2.29 

1,73 

197 

83 

1.85 

1.88 

128 


2.11 

1.59 

126 

84 

2.22 

1.75 

147 


2.15 

1.74 

154 

85 

0.96 

2.59 

71 

86 

1.82 

4.79 

153 

87 

2.70 

2.75 

221 

88 

2.50 

9.14 

415 

89 

4.54 

2.62 

336 

90 

3.97 

5.61 

383 

91 

4.19 

4.08 

294 

92 

4.57 

2.44 

1 341 

93 

4.68 

2.84 

t 339 

94 

2.93 

8.44 

369 

95 

4.39 

3.39 

364 

96 

4.75 

1 2.37 

369 

97 

4.56 

1 4.05 


98 

4.35 

2.25 

272 

99 

4.10 

4.14 

339 

100 

5,10 

2.26 

326 

101 

5.07 

1.91 

346 

102 

3.94 

3.02 

299 

103 

5.02 

2.87 

370 


as omitted, because the partition of protein is 
■obably erroneous and the concentration of glob- 
in absurdly low. 

The following symbols will be used throughout 

e discussion of the data: 

P, A, and G represent grams of protein, al- 
imin and globulin, respectively, in 100 cc. o 


UUl. ^ f 

7 , a, and g represent the osmotic pressures o 
^am of protein, albumin and globulin, respec- 
dy, in 100 cc. of serum. 

= the colloid osmotic pressure of serum m 
mm. HjO. 

= the grams of water in 100 cc. of serum. 

:t has been repeatedly demonstrated that the 
jtion of P to rr is curvilinear, that the appa 
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osmotic pressure per gram per cent of protein 
increases with the concentration of protein (7, 14, 
15, 16, 17, IS, 19, 20, 21). There is no agree- 
ment, however, concerning the nature or magni- 
tude of the curvature. Part of the confusion 
results from the failure to differentiate the re- 
sults of statistical treatment of clinical data from 
the results of dilution and concentration experi- 
ments. The former may be dismissed shortly. 
The curved relation of P to ir in raw material 
arises chiefly from the fact that low protein in 
serum is almost always and entirely referable to 
deficiency of albumin, osmotically the more active 
of the protein fractions. With the exception of 
Gronwall (21), those who have centered their 
attention upon dilution and concentration experi- 
ments have found relatively slight curvatures. 
Even Gronwall finds the ratio tt/P reasonably 
constant within limits of protein concentration 
found in sera of normal subjects or patients. 

Theoretically, the osmotic pressure of the pro- 
teins as actually measured includes, in serum, in 
addition to the true osmotic pressure of the pro- 
teins, an increment contributed by the Gibbs-Don- 
nan effect. Because of their large molecular size 
a small correction must also be made for the vol- 
ume of the proteins, since osmolar concentration 
is properly expressed in terms of mols of solute 
per weight of water in any mixture. The curva- 
ture from this source should, if there is no 
“ bound ” or non-solvent water, be small. 

It was hoped that the dilution experiments 
would provide a basis for. evaluation of the curva- 
ture. In the three-point experiments there is, as 
theory demands, a perceptible tendency for tt/F 
to diminish with P. There are, however, distinct 
exceptions to the rule, particularly among sera 
with originally low concentrations of protein. It 
has already been mentioned that analytical errors 
are greater when protein is low. In the two-point 
experiments there is a similar tendency for tt/P 
to vary with P. In both series, the variation is 
so small and so variable that the curvature which 
it represents cannot be evaluated. It is evident 
that it is small, but significant. It is quite prob- 
able, judging from the investigations of Adair, 
and Robinson (19), Mayrs (15) and others, that 
even if the analytical methods were greatly re- 
fined, a certain amount of variability would per- 
sist. The curvature is appreciably diminished. 


but not abolished when the concentration of pro- 
tein is corrected from grams per 100 cc. to grams 
per kilo of water by the aid of the equation, 
= 98.40 — 0.718 P, developed by Eisenman, 
Mackenzie and Peters (22). 


TABLE III 

Relation of concentration of total protein, P, to osmotic 
pressure tt 


Number of 
observations 

Range of 

P 

Average 

P 

Average 

IT 

VP 

A/G 


iier cent 

per cent 

mm. HiO 



20 

<3.0 

2,14 

85.9 

40.1 

1.44 

26 

3.00 to 3.99 

3.48 

121.5 

34.9 

1.17 

24 

4.00 to 4.99 

4.50 

157.4 

34.9 

1.46 

21 

5.00 to 5.99 

5.56 

220.6 

39.7 

1.53 

48 

6.00 to 6.99 

6.47 

257.9 

39.8 

1.51 

21 

7.00 to 7.99 

7.32 

316.0 

43.2 

1.56 

13 

Average 

>7.99 

9.09 

366.8 

40.4 

39.4 

0.90 


In spite of the curvature which is demonstrable 
in the dilution experiments, when all the 173 ob- 
servations are examined in families (see Table 
III), the osmotic pressure per gram per cent 
protein, tt/P, proves to be approximately the same 
in all families, having an average value of 39.4 
mm. HjO. Since P represents the sum of the 
two fractions, A and G, which may have different 
osmotic effects, statistical deductions from total 
protein are open to objection. It is impossible to 
secure sera in which all combinations of A and 
G appear ; sera with albumin greatly increased or 
globulin much reduced do not seem to exist. It 
follows that sera with high protein contain ex- 
cessive proportions of globulin, while those with 
low protein are particularly deficient in albumin. 

It is possible, however, to meet this difficulty 
in part by examining the effect of variations of 
albumin or globulin alone in selected data. In 
Table IV all observations in which G lies between 


TABLE IV 

Relation of concentration of albumin, A, to osmotic pressure, 
TT, when globulin is between 1.5 and 3.5 per cent 


Number of j 
observations 

1 

Range of 

A 

Average 

A 

1 

Average 

G 

Average 

T 

Average 

WA 


Per cent 

Per cent 

per cent 

mm. HtO 


18 

<2.5 

1.93 

1.97 

125.0 

64.8 

16 

2.5 to 3.49 

3.07 

1.93 

187.7 

61.1 

41 

3.50 to 4.49 

3.72 

1.89 

234.7 

63.1 

13 

>4.49 

4.85 

2.20 

326.5 

67.3 

Average 




63.8 
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1.5 and 2.5 per cent have been arranged in fam- 
ilies of A. Altogether there were 88 such ob- 
servations. Neither G nor tt/A in this series 
varies systematically from family to family. The 
mean value of tt/A is 63.8. This would seem to 
imply that tt becomes O when A = 0, which 
could only mean that the osmotic pressure of 
total protein was a linear function of albumin 
alone and that the osmotic contribution of globulin 
was negligible. When all observations are plotted 
graphically as A = .v, x = y, the points take a 
roughly linear arrangement that appears to pass 
through or. near the origin. There is, however, 
a distinct tendency for points representing sera 
with unusually high globulin to diverge from the 
alignment, an indication that globulin has a small, 
but perceptible osmotic effect. 

So small does this effect appear to be that the 
correlation between tt and G is hardly more than 


perceptible. Only when G is great can its effect 
be detected even when only observations with A 
between 3.5 and 4.5 per cent are analyzed sep- 
arately. 

Since the curvature of the relation of P, G and 
A to TT is sufficiently small, reasonably accurate 
prediction formulae might be secured by treating 
it as a straight line. With this in mined, formulae 
relating P, A, G, and A -}- G, respectively to tt 
have been derived by regression equations. Since 
osmolar concentrations should, properly, be ex- 
pressed in terms of weight of solute per weight 
of water, all concentrations of protein and its 
fractions were first corrected to grams of protein 
per kilo of water by means of the equation 
/^f/ = 98.40 — 0.718 P, mentioned above. It has 
already been stated that this treatment tended 
to reduce the curvature in the dilution experi- 
ments. 
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The assumption was first made that all curves 
pass through the origin, i.e., that tt becomes O 
when protein does. With this assumption the fol- 
lowing equations were derived. In all, protein 
concentrations are expressed as grams per kilo of 
water, osmotic pressure as mm. H-O. For. these 
estimations, only the 121 measurements on native 
serum were used. The inclusion of the measure- 
ments from diluted sera yields slightly different 
coefficients, but the differences are not important. 



At’craqc 

Standard 

Equation 

deviation 

deviation 

1. T = 37.8 P, 

±36.7 

±45.7 

2. *• = 64.1 A« 

±31.1 

±44.8 

3. TT = 78.9 G„ 

±90.0 


4. X c= 51.8A«,-H8.7G„ 

± 29.7 

±35.5 


It is obvious at once that the relation of tt to G 
is extremely loose ; the average deviation is greater 
than the coefficient. Formulae derived from P or 
from A alone are almost equally good, although 


the latter is to be preferred slightly, probably be- 
cause in certain instances the total protein is com- 
posed chiefly of globulin, which has a lower os- 
motic pressure than albumin. The equation de- 
rived from A and G together conforms best to the 
data. The deviations from this equation are pre- 
sented graphically in Figure 2. The points at the 
extreme right of the figure fall systematically be- 
low the line, while those at the extreme left fall 
predominantly above it. The points at the ex- 
treme right represent observations with unusu- 
ally high protein composed predominantly of 
globulin. 

It is hard to say to what extent the apparent 
curvature in the arrangement of the points is 
comparable to the curvature in the dilution ex- 
periments and how far it should be attributed to 
the combinations of protein fractions in the par- 
ticular sera which were selected for analysis. The 



Fig. 3. Comparisons of Observed and Caixulated Osmotic Pressures. 
A and G are expressed in terms of grams per 100 grams of water in serum. 
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range of variation of protein concentration could 
not have been made so large without purposeful 
selection of sera with abnormal A/G ratios. 
Since a certain amount of uncorrccted curvature 
may be expected on theoretical grounds, the as- 
sumption that the best straight line will pass 
through the origin is unwarranted. A better fit 
is obtained by the equation, 

5. TT = 60.9 A, a -f 22.9 G,o — 50.0 A.D. == 
± 27.6. S.D. = ± 32.6. 

This is illustrated in Figure 3. 

DISCUSSION 

Beyond the statement that these measurements 
of total colloid osmotic pressure agree in general 
with those of other reliable investigators (7, 14, 
15, 17, 20, 23, 24), comparisons on the basis of 
magnitude alone can not be profitable, since small 
variations depend so largely on details of technical 
procedure. The method employed is believed, for 
reasons stated above, to be soundly devised, and 
yields reproducible measurements. The errors of 
measurement are unfortunately large; just how 
large it is hard to say. It is believed, however, 
that neither the differences between duplicates in 
Table I nor the variations of measurements of 
the osmotic pressure of standard acacia solutions 
give a correct estimate of the absolute error in 
actual analyses of sera. This impression is de- 
rived from the variability of the dilution curves 
and also from erratic changes of the protein os- 
motic pressure in repeated observations on indi- 
vidual subjects. In the majority of instances 
both the absolute magnitude of the osmotic pres- 
sure and the changes of pressure in such cases 
agree reasonably well with the protein concentra- 
tions. Occasionally, however, unaccountable de- 
partures from the common rule are encountered. 
For example, in Subject 19 the change of tt be- 
tween the first 2 observations is altogether too 
large. It seems likely that the first measurement 
of TT was too small. Similarly, the second tt in 
Case 45 is out of line with the other 2, which are 
of the expected order of magnitude. Discrepan- 
cies of this land noted by other observers have 
been attributed to variations in the osmotic prop- 
erties of the serum proteins without sufficient 


consideration of the degree of error in measure- 
ment of osmotic pressure. Serum contains no 
known colloids other than protein which produce 
an appreciable osmotic pressure. Fishberg (18) 
has suggested that the lipoids of serum must be 
given consideration. Adair and Robinson (19), 
however, found that removal of lipoids had no 
effect on the osmotic pressure of the serum pro- 
teins. Several of the patients in the present study 
had lipemia, in one or two cases of an extreme 
degree. Nevertheless, the colloid osmotic pres- 
sure of their sera was not unexpectedly high (see, 
for example. Number 78). 

The factors for the osmotic pressure of the 
separate components of serum, albumin and globu- 
lin, in Equation 4, approach the relative orders of 
magnitude derived by comparable methods by 
Govaerts (23) and by von Farkas (24). They 
are not proportional to the generally accepted 
molecular weights of albumin and globulin; the 
coefficient of G is too small and that of albumin 
proportionately too large. This does not mean 
that the osmotic pressure of either of the com- 
ponents is necessarily different in serum than it 
is in pure solution. These equations were de- 
veloped on a purely empirical basis to fit certain 
experimental data. Undoubtedly, it would be 
possible by mathematical juggling to devise a 
more complicated equation which would fit the 
data even better than the formulae which have 
been presented. No significance could be at- 
tached to the particular form taken by such an 
equation. Wells, Youmans and Miller (20) 
found that data from a series of determinations 
comparable to those here presented were best de- 
scribed by the equation, 7r = P (21.4 -|- 5.9 A). 
As they have pointed out, this formula implies 
that the partial osmotic pressure of globulin de- 
pends upon the concentration of albumin in serum. 
The only evidence for such an interrelation is 
found in certain preliminary observations by Mc- 
Farlane (25). Adair and Robinson (19), from 
similar experiments, concluded that the proteins 
in serum conformed to Dalton’s law of partial 
pressures. The present measurements differ sys- 
tematically from those of Wells, Youmans and 
Miller (20), probably because of certain differ- 
ences of technical procedure. When allowance is 
made for, this difference, there is still' no evidence 
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that globulin surrenders its individuality when it 
is combined with albumin in serum. With the 
variable cun^aturc of x/P with P, the relatively 
small osmotic pressure of G and special charac- 
teristics of the particular sera selected for exam- 
ination,” it is idle to draw inferences concerning 
the specific osmotic properties of protein frac- 
tions from statistical treatment of measurements 
of osmotic pressure in whole serum. 

Since the relation between x and P is curvi- 
linear, the mean line which will best describe it 
should not pass through the origin. To this ex- 
tent Equation 5 may be more accurate than 4. 
In the last analysis, the utility of prediction 
formulae developed statistically depends on the 
character of the data on which they are based. 
The observations here employed are fairly repre- 
sentative and as evenly distributed over a wide 
range of protein concentrations as clinical material 
permits. Unless practicable methods for the 
measurement of the colloid osmotic pressure of 
serum can be greatly improved in accuracy, esti- 
mations from prediction equations based on repre- 
sentative data secured by sound methods may be 
quite as reliable, for relative purposes, at least, 
as direct measurements. 

SUMMARY 

The relation of the concentration of serum 
protein, and its fractions albumin and globulin, 
to the colloid osmotic pressure of human serum 
has been reexamined. Empirical equations have 
been derived for the estimation of colloid osmotic 
pressure from the concentrations of protein, al- 
bumin and globulin in the water, of serum. 

The authors wish to express their grateful appreciation 
of aid received from Dr. Alexander Winkler in the sta- 
tistical treatment of the data and from Dr. Michael J. 
Lepore who made some of the analyses for protein and 
measurements of osmotic pressure. 


” There can be no certainty that the osmotic pressure 
of the globulin (presumably chiefly euglobulin) which 
makes up the bulk of the protein in myeloma and lympho- 
granuloma, the chief sources of hyperproteinemic sera, 
IS the same as the osmotic pressure of normal serum 
globulin. Failure to include sera with high globulin 
would limit the practical utility of any prediction for- 
mula. 
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Extensive investigations of the parathyroid 
glands were instigated by the cure of generalized 
osteitis fibrosa cystica by surgical removal of a 
parathyroid adenoma by Mandl (1) in 1925. It 
was early noted that renal calculi were often 
found in cases of parathyroid tumor (2). Later 
work showed that these stones consisted chiefly 
of calcium phosphate and that the tendency to 
their formation was definitely decreased when the 
urine was made more acid (3). Removal of the 
parath 3 'roid tumor, resulted in the disappearance 
of this tendency to calculus formation and of the 
alkalinity of the urine. 

Albright, Baird, Cope, and Bloomberg (4), in 
their discussion of 83 cases of parathyroid tumor 
with hyperparathyroidism, brought out the fact 
that 43 of these showed clinical evidence of renal 
damage. These kidney lesions were attributed to 
damage resulting from the deposition of calcium 
in the renal parenchyma or to the formation of 
calculi in the pelves, such calcium depositions 
being manifestations of primary hyperparathy- 
roidism. However, these authors suggested the 
possibility that parathyroid enlargement may be 
secondary to renal impairment ; “ It seems con- 
ceivable therefore that a chronic renal insuf- 
ficiency with phosphate retention and a high in- 
organic phosphorus level might likewise cause 
hyperplasia of all parathyroid tissue which might 
go on to multiple tumor formation ” and later, 
“ In these cases the kidney damage may be the 
cause and not the result of the parathyroid 
tumors.” 

Bergstrand (5) studied the parathyroid glands 
m an extensive series of autopsies, and in most 
of the cases where he found them enlarged, there 
was also some damage to the kidneys. Pappen- 
heimer and Wilens (6) carefully weighed the 
parathyroid glands from a large series of necrop- 
sies. They found the parathyroids taken from 
unselected nephritics to average more than 50 per 
cent greater in weight than those taken from 
non-nephritic controls. Seven severe nephritics 


showed an increase of 109 per cent over the same 
control series. The enlargement was diffusely 
h 3 'perplastic in character, resembling the enlarge- 
ment which has been reported in rickets (7, 8), 
and which may exist in pregnancy (9, 10) . Ade- 
nomata were found in only three of 56 nephritics 
and in two of 74 controls. Jarrett, Peters, and 
Pappenheimer (11) report that they have induced 
a similar enlargement of the parathyroids by pro- 
ducing chronic renal insufficiency in rats. 

In previous reports from this laboratory evi- 
dence of functional hyperactivity of the para- 
thyroid glands in rickets (12) and in pregnancy 
(13) has been presented. We have used the 
same approach in our investigation of parathyroid 
activity in the present series of nephritic patients,^ 
to determine whether the hyperplasia noted by 
Pappenheimer and Wilens (6) is accompanied by 
a hyperfunction. The patients were selected on 
the basis of elevation of the blood urea nitrogen, 
most of them having chronic rather than acute 
renal insufficiency. The controls were thirty- 
eight normal persons — thirty women and eight 
men. Determinations of calcium and phosphorus 
were usually done on the same samples of blood 
which were used for the experimental work. 

METHODS 

Serum calcium was determined by the method 
of Fiske and Logan (14). Serum phosphorus 
was determined by the method of Fiske and Sub- 
barow (15). The method of Hamilton and 
Schwartz (16), slightly modified (17), was used 
to detect hyperactivity of the parathyroid glands. 
This method consists of measuring the rise of the 
serum calcium of a rabbit into which 30 cc. of 
the patient’s blood have been injected intramuscu- 
larly. Calcium chloride is given the rabbit by 
stomach tube immediately after injection and one, 
three, and five hours later. Blood is drawn from 

^The authors gratefully acknowledge the cooperation 
of Dr. Andrew J. Brislen, Dr. Edward J. Stieglitz, and 
Dr. Louis Leiter in obtaining material for this study. 
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the rabbit before beginning the test and seven 
minutes after each of the last two administrations 
of calcium chloride. A rise of 0.30 mM. calcium 
or more per liter of rabbit serum is taken as in- 
dicative of an abnormally large amount of para- 
thyroid hormone in the injected blood. 

RESULTS 

Blood from each of 23 nephritic patients was 
injected into rabbits, and the rise of the serum 
calcium of the rabbits was determined. The 
blood of all but three of these 23 patients pro- 
duced a rise of more than 0.30 mM. calcium per 
liter of rabbit serum, which indicates that more 
than normal amounts of parathyroid hormone 
were present in the injected blood. The results 
of these parathyroid function tests are shown in 
Table I, together with the other data on the com- 

TABLE I 


Parathyroid ftmclion tests, blood conslilnctHs and 
arterial tensions 


Case number 

Parathyroid 
function test 
rise 

Blood urea 

Creatinine 

Calcium 

m 

s 

0 

.£3 

a 

m 

0 

x: 

Plasma proteins 

Albumin 

Globulin 11 

Urea clearance 
(standard) 

Arterial 

tension 


mM. Per 

nitrogen 

mgm. 

mgm. 

mgm. 

grams 






liter 

mgm. 

per 

per 

per 

per 




mm. 


rabbit 

per 

100 

100 

100 

100 




Hg 


serum 

100 cc. 

CC, 

CC, 

CC, 

CC, 





1 

0.30 

122.0 

5.6 

10.2 

4.8 

6.31 

0.81 


228/154 


0.65 



10.3 

5.4 







0.35 



10.3 

5.5 






2 

0.33 

73.7 

5.1 

9.6 


5.93 

1.65 

3.0 

200/116 


0.35 



10.1 







3 

0.50 

61.1 

3.0 

11.0 

3.1 

6.78 

0.85 

5.0 

168/90 

4 

0.35 

42.7 

1.9 

9.8 

4.2 

3.50 

0.48 

17.0 

148/88 

5 

0.50 

138.7 

5.8 

8.4 

18.8 

5.57 

1.34 

1.9 

168/118 

6 

0.00 

92.9 


4.3 

16.6 

5.28 

0.71 

2.0 

135/90 

7 

0.35 

130.0 


10.0 

4.1 

6.73 

1.15 

2.1 

260/150 

8 

0.50 

48.9 

2.2 


5.8 

8.08 

1.49 

9.0 

230/144 

q 

0.37 

15.0 


9.8 

5.2 





280/170 

10 

0.45 

122.0 

12.0 

9.8 

7.1 





170/105 

11 

0.88 

40.0 

2.5 

9.1 

10.0 





155/90 

12 

0.45 

41.0 

2.45 

10.2 

7.1 





220/154 

13 

0.25 

233.0 

14.5 

8.9 

4.4 





220/130 

14 

0.47 

35.0 

2.5 

9.2 

6.7 






15 

0.00 

18.7 


8.0 

4.3 






16 

0.55 

40.0 

2.5 








17 

0.85 

94.9 


9.0 

10.6 

5.60 

1.38 

3.3 

154/68 

IR 

0.35 

41.5 

2.6 

9.8 






260/140 

10 

0.38 

168.0 

8.0 

9.0 

9.4 





110/90 

20 

0.40 

53.0 

3.3 

10.4 

2.7 





140/90 

21 

0.50 

49.0 

2.6 

9.0 

3.8 





90/0? 


0 67 

87.0 

8.3 

9.2 

8.0 





220/110 

23 

0.33 

70.0 

6.0 

11.0 

6.7 





170/140 


position of the blood and on the arterial tension. 
Where more than one determination of a blood 
constituent was made, that which was done at the 
date nearest to the performing of the parathyroid 
function test was tabulated. Of the 38 controls 
all but three showed rises of less than 0.10 mM. 


calcium per liter of rabbit serum, and none was 
higher than 0.23. A comparison of the normal 
and the nephritic series is made in Table II. It 

TABLE II 

Parathyroid Junction test in normal persons and in 
nephritic patients 


Rise in rabbit Normals-- Nephritics— 

scrum calcium number of number of 

persons patients 


mM. per liter 

0.00to0.09 35 2 

0.10 to 0.19 1 

0.20 to 0.29 2 1 

0.30 to 0.39 10 

0.40 to 0.49 4 

0.50 to 0.59 5 

0.60 and up 4 


38 26* 

* Three tests were performed on Case 1 and two on 
Case 2. 

is obvious from the figures in Table I that there 
is no direct correlation between the degree of 
hyperactivity of the parathyroid glands, as meas- 
ured by this procedure, and the amount of eleva- 
tion of the serum phosphorus; nor is there a 
direct relationship between the parathyroid ac- 
tivity and the blood urea nitrogen. However, the 
correlation between increased parathyroid activity 
and chronic nephritis is clear cut. 

In order to exclude the possibility that some 
of the substances which are present in the blood 
of uremic patients in more than normal amounts 
were the direct cause of the effect on the blood 
calcium of the rabbit, 30 cc. of a solution con- 
taining the following substances were injected 
intramuscularly into each of four rabbits : urea, 
200 mgm. per 100 cc. ; uric acid, 10 mgm. per 100 
cc. ; creatinine, 5 mgm. per 100 cc. ; sodium car- 
bonate, 5 mgm. per 100 cc. ; cystine, 10 mgm. per 
100 cc. ; sodium chloride, 900 mgm. per 100 cc. 
The same technique was followed as in the tests 
for parathyroid hormone. None of these rabbits 
showed a positive test. 

DISCUSSION 

As has been suggested by Pappenheimer and 
Wilens (6), “It is probable that the cases with 
severe clinical nephritis had phosphate retention, 
and since any increase in PO4 ions will decrease 
the amount of Ca ions in the blood (Thomson 
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and Collip (18)) this may incite the parathyroids 
to increased activity and overgrowth.” Since 
parathyroid hormone tends to elevate blood cal- 
cium, hypcrfunclion of the parathyroids in this 
instance would constitute a defense against hypo- 
calcemia. 

We have shown that there is no proportionality 
between the increase in parathyroid function and 
the rise of the inorganic phosphorus of the serum 
in nephritis ; but inasmuch as the phosphorus was 
generally elevated in the cases which showed in- 
creased parathyroid function, our data are not 
in discord with the theory proposed by the above 
authors. However, one patient in our. series 
(Case 6, Table I) had developed high arterial 
tension, albuminuria, and convulsions during 
pregnancy one and one-half years before the last 
admission, and had delivered a stillborn child. 
On the last admission she showed no evidence 
of parathyroid hyperactivity; the serum phos- 
phorus was extremely high; and the serum cal- 
cium in this case alone was below the tetany level. 
Two weeks after, admission in uremia she devel- 
oped convulsions and died a week later, showing 
signs of pulmonary edema and shock. Here we 
may assume that the lack of compensatory para- 
thyroid hyperfunction allowed a profound imbal- 
ance of the calcium metabolism. 

The failure to elicit an elevation of the rabbits’ 
blood calcium by the injection of the solution con- 
taining certain constituents of uremic blood indi- 
cated that these substances in uremic blood are 
not responsible for the reaction. This experi- 
ment, however, does not in any way eliminate the 
possibility that other substances in uremic blood 
are responsible for the rise. 

We agree with the hypothesis of Pappenheimer 
and Wilens that the hyperphosphatemia of renal 
insufficiency is the initiating factor in the chain of 
events which leads to parathyroid hyperplasia. 
We have shown, moreover, that the hyperplasia 
demonstrated by the above authors is accompanied 
by hyperfunction. It is conceivable that this in- 
crease in parathyroid activity constitutes a bio- 
logical defense against impending hypocalcemia 
secondary to phosphate retention. 

CONCLUSION 

There is increased activity of the parathyroid 
glands in chronic renal disease, as measured by 
the method of Hamilton and Schwartz (16). 
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Fig, 1. The Effect of Predigested Beef, of Iron and of Liver Extract 
ON THE Production of Hemoglobin and Red Blood Cells in a Gastrecto- 
MizED Dog, 


It is to be noted in Figure I that one animal 
was given predigested beef during two separate 
periods of study; and, as is shown in Figure 2, 
the other dog received the meal during one period 
only. It soon became apparent that the meal was 
not a palatable one; even when mixed with the 
standard bread ration the animals refused to eat 
more than one-third of their allotted portions. 
Feeding of the meal in small divided portions 
through a rubber tube passed into the upper in- 
testinal tract was then attempted, but this pro- 
cedure was invariably followed by regurgitation 
of most of the mixture. For another period of 
feeding, the beef was digested with gastric juice 
removed from the stomach of normal dogs but 
this method met with no greater success. From 
the results reported in Figures 1 and 2 and 
Table I, it may be seen that hemoglobin produc- 
tion showed no increase, while the animals were 


TABLE I 

Effect of standard bread. {S), of predigested beef, of iron and 
ammonitm citra te and of liver extract on production 
of hemoglobin in gastrectomized dogs 


Dog 

num- 

ber 

Num- 
ber of 
days 

Hemo- 

globin 

output 

Diet and type of therapy 

473 

20 

0.20 

Bread (S) 


20 

0.24 

750 grains predigested beef 


20 

1.73 

Bread (S) + 1 gram of iron and ammo- 
nium citrate daily 


24 

0.60 

! 

Liver extract, S cc. 3 times a week * 

394! 

20 

0.04 

Bread (S) 


20 

2.77 

Bread (S) -h 1 gram of iron and ammo- 
nium citrate daily 


20 

' 0.04 

Bread (S) -f- 5 cc. liver extract daily 

393 

20 

O.IO 

Bread (S) 


20 

0.11 

250 grams of predigested beef 


20 

1.85 

Bread (S) + 1 gram of iron and ammo- 
nium citrate daily 


20 

0.19 

Bread (S) -t 5 cc. liver extract daily 


* The authors wish to thank Eli Lilly and Company 
for their generous contribution of Liver Extract 343 
(N.N.R.). 



nyrocHROMic anemia in dogs 


109 



SJX) 


•teo 



Fig. 2. Shows a Markedly Increased Output of 
Hemoglobin on Iron Medication but Failure to 
Stimulate Formation of Blood on a Predigested 
Meal. 


on this regime, over their output during the feed- 
ing of the standard bread ration alone. Presum- 
ably these results were due largely to the failure 
of the animals to retain the entire meal. 

2. The effect of iron and ammonium citrate on 
the production of hemoglobin. 

As a supplement to the standard bread ration, 
a capsule containing one gram of iron and am- 
monium citrate (U.S.P.) was given daily to the 
same three gastrectomized dogs. Prior to medi- 
cation, the hemoglobin output of each animal had 
been less than 0.25 gram daily, whereas during 
the following 21-day period it was 1.85, 1.73 and 
1.75 grams respectively. In the third dog (Fig- 
ure 3), during a later period of iron administra- 
tion, there was a greatly increased output of hemo- 
globin up to 2.77 grams daily. Accordingly, the 
average daily output for all the dogs was 2.03 


grams of hemoglobin. These results are slightly 
in excess of those obtained by others (5) in gas- 
trectomized dogs. On the other hand, they are 
only about two-thirds of the daily hemoglobin 
output found by Robscheit-Robbins and Whipple 
(6) after the administration of iron to healthy 
dogs in which an hypochromic anemia had been 
induced. 

Figures 2 and 3 show the hematopoietic reac- 
tion of the gastrectomized animals to iron as indi- 
cated by the reticulocyte response. In the figures 
it is to be noted that, after 4 days on iron therapy, 
the reticulocytes rose from a level of approxi- 
mately 1 per cent to a peak of 3.5 per cent. This 
maximum, although small, must be considered to 
represent definite response, when contrasted with 
the nearly stationary level of 1 per cent which had 
been observed previously in these animals over a 
period of weeks. Furthermore, after this rise the 
reticulocytes dropped to their former level. In 
view of the microcytic nature of the anemia, with 
a relatively high red blood cell count, a minimal 
reticulocyte response is to be expected. Coinci- 
dentally with this response, there was an increase 
in the total number of circulating red blood cells. 

3. The effect of liver extract (specific for Ad- 
disonian anemia) on the production of hemo- 
globin. 

The same three gastrectomized dogs were main- 
tained in an anemic state by bleeding while on the 
standard bread ration. Each animal was given 
5 cc. of liver extract (Lilly’s) parenterally three 
times a week. Figures 1, 2 and 3 show that the 
hemoglobin output was not increased. Further- 
more, there was a lack of response of the reticulo- 
cytes. In each animal, however, there was noted 
a slight but gradual rise in the total number of 
erythrocytes similar to the results obtained by Ivy 
and Mullenix and their associates (7, 5). 

DISCUSSION 

In undertaking the first experiment recorded 
here, an attempt was made to obtain by experi- 
ments with laboratory animals further informa- 
tion based on previous observations concerning 
the relationship between gastric digestion and 
anemia. It was thought that, since an experi- 
mentally induced anemia persists in dogs with an 
artificially produced achylia gastrica, hemoglobin 
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Fig. 3. Shows a "Markeoly Increased Output of Hemoglobin on Iron Medication but Negative Results 

WITH Predigested Beef. 

Note the gradual rise of erythrocytes during the injections of liver extract. 


lends furtlier support to the hypothesis that under 
conditions of depletion of iron in the body, a state 
of anemia will persist in the presence of an achlor- 
hydria, but may be favorablj'- influenced by iron 
medication. 

The data obtained from the hematocrit deter- 
minations indicate that the type of anemia en- 
countered in gastrectomized dogs is decidedly 
microcytic and hypochromic. This substantiates 
the report of Mullenix and his associates. In ad- 
dition, the failure of liver extract to induce a 
reticulocyte response or materially to increase the 
hemoglobin output speaks against the tendency of 
gastrectomized dogs to develop pernicious anemia. 

SUMMARY AND CONCLUSIONS 

1. The effect of feeding predigested beef, of in- 
organic iron and injections of liver extract on the 
production of hemoglobin and red blood cells was 


output could be augmented by feeding a predi- 
gested meal. Accordingly, such an experiment 
was undertaken; but the dogs were reluctant to 
eat this mixture voluntarily and did not entirely 
retain it when it was administered through a tube 
passed into the upper intestines. Our observa- 
tions were considerably limited by this handicap, 
and the experiment is therefore inconclusive in its 
results. 

It is clear from the results recorded in the fig- 
ures that the animals responded favorably to the 
large doses of iron. The metal used apparently 
met the demand for replacement of the iron short- 
age in the body induced by previous bleeding and 
the artificially produced achylia gastrica. This is 
in striking contrast to the failure of the gas- 
trectomized dog to obtain from beef sufficient 
dietary iron to replace his hemoglobin stores as 
previously reported (1, 2). The experiment 
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observed in three dogs with an artificially pro- 
duced achylia gastrica. Prior to this study the 
dogs had been rendered anemic by repeated bleed- 
ings, and the hemoglobin output maintained at a 
low level on a standard bread ration ; subsequent!)', 
gastrectomy had been performed. 

2. Hemoglobin output was not increased while 
the dogs were given predigested beef, presumably 
due to a failure on the part of the animals to re- 
tain the meal. 

3. It was shown that the average daily output 
of hemoglobin was 2.03 grams, while the dogs 
were given iron and ammonium citrate; whereas 
before medication, the daily output had been less 
than 0.25 gram. 

4. There was little or no effect on the hemo- 
globin or red blood cell formation following in- 
jections of liver extract. 
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minutes minutes 

150 40 

16 16 

19 19 

15 18 

18 18 

16 16 

120 40 

16 16 

21 19 

15 17 

23 23 

23 23 

120 47 

16 16 

21 19 

20 20 

38 37 

120 35 

120 34 

120 35 


2 cc. control hemophilic blood 

2 cc. control hemophilic blood plus 0.03 cc. plasma at S^C. for 2 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 5° C. for 5 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 5° C. for 9 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 5° C. for 22 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 5” C. for 48 hours 

2 cc. control hemophilic blood 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 37° C. for 2 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 37° C. for 5 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 37° C. for 9 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 37° C. for 22 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 37° C. for 48 hours 

2 cc. control hemophilic blood 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 43° C. for 2 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 43° C. for 5 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 43° C. for 9 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 43° C. for 22 hours 

2 cc. control hemophilic blood plus 0.03 cc. plasma at 43° C. for 48 hours 

2 cc. control hemophilic blood plus 0.03 cc. supernatant fluid at 43° C. for 48 hours. . 
2 cc. control hemophilic blood plus 0.03 cc. precipitate in saline at 43° C. for 48 hours 
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normal plasma was used. It was portioned by 
sterile technique into different tubes which were 
kept at 5°, 37° and 43° C., respectively, for vary- 
ing intervals of time. Equivalent amounts of the 
plasmas so prepared were then tested as before 
for their coagulation-accelerating power on hemo- 
philic blood. In 48 hours there was slight inac- 
tivation of the plasma kept at 37° C. and marked 
inactivation of that kept at 43° C. After 48 
hours a precipitate formed in the plasma kept at 
43° C. In this case, however, neither the whole 
plasma, the supernatant fluid, nor the precipitate 
dissolved in isotonic saline were found to be po- 
tent. 

The substance contained in filtered normal 
plasma zvJiich effectively reduces the clotting time 
of hemophilic blood is thcrmolabile. 


Effect of dialysis partitions of filtered normal 
plasma on the clotting time of hemophilic blood. 
As a first attempt at isolation of the active com- 
ponent of normal plasma a rough partition was 
tried by simple dialysis. Normal citrated plasma 
was passed through a Berkefeld filter and then 
was allowed to dialyze in cellophane jackets for 
eight days in jars of distilled water at room tem- 
perature. The water was changed twice daily. 
A white flocculent precipitate collected at the bot- 
tom of the jackets. The contents of the jackets 
were transferred to a test tube and the super- 
natant fluid removed from the precipitate by cen- 
trifugation. The precipitate remaining in the 
jackets together with that freed by centrifugation 
from the supernatant fluid was washed several 
times in distilled water and was then suspended 
in sufficient 0.85 per cent NaCl solution to give 
the same volume as that of the supernatant fluid. 
A sample of the parent filtered plasma was then 
diluted with saline so that its total volume 
equalled the combined volumes of the supernatarit 
fluid and of the saline suspension of the precipi- 
tate. Comparison of the relative effectiveness of 
the three fluids was then made by adding 0.03 cc. 
of each to 2 cc. of hemophilic blood, and the clot- 
ting times determined. 

The addition either of filtered plasma or of the 
saline suspension of the precipitate reduced 
sharply the clotting time of hemoplulic blood 
/'Table II), but the supernatant fluid was vir- 
tually ineffective. Chemical determinations of 


TABLE 11 

Effect on dolling time of hemophilic blood of addmg dialysis 
partitions of filtered normal plasma 


Clotting time 
Case I Case II 


minutes minutes 


2 CC. control hemophilic blood 120 43 

2 cc. control hemophilic blood plus 

0.03 cc. plasma 22 13 

2 cc. control hemophilic blood plus 

0.03 cc. supernatant fluid 100 45 

2 cc. control hemophilic blood plus 
0.03 cc. saline suspension of pre- 
cipitate 30 22 


Protein partitions of test substances 



Total 

pro- 

tein 

Albu- 

min 

Glob- 

ulin 

Plasma (diluted) 

grams 

per 

100 cc. 

3.71 

grams 

per 

100 cc. 

2.15 

grams 

per 

100 cc. 

1.56 

Supernatant fluid 

2.29 

1.68 

0.61 

Saline suspension of precipitate 

1.47 

0.323 

1.15 


the protein partitions of these fluids revealed that 
although complete separation was not accom- 
plished, the saline suspension contained chiefly 
globulin, whereas the supernatant fluid contained 
chiefly albumin. 

Both filtered plasma and a saline suspension of 
crude globulin remained effective when kept at 
8° C. for 18 hours. The saline suspension of 
crude globulin manifested a thermolability similar 
to that of the parent plasma, which likewise was 
inactivated by exposure to 46° C. in a water bath 
for 18 hours. 

By dialysis of filtered normal plasma against 
distilled water a globulin-like precipitate is formed. 
When this precipitate is suspended in 0.85 per 
cent NaCl and tested in concentrations comparable 
to that of the supernatant fluid and to the parent 
plasma, the globulin portion retains most of the 
power of the plasma to shorten the clotting time 
of hemophilic blood. The effective material con- 
tained in the " globulin substance ” ® is likewise 
thermolabile. 

Preparation of globulin substance from plasma 
by dilution and acidificatio7i with CO^- The ob- 
servations recorded above indicated that a coagu- 
lation-accelerating substance was associated witi 

sThis lion-diflFusible material, soluble in isotonic saline 
and associated with the globulin portion of plasma wi 
be referred to hereafter as “ globulin substance. 


SUnSTANCK FROM PLASMA ACCELERATING COAGULATION IN HEMOPHILIA 


115 


the globulin fraction of plasma. However, the 
separation b}' dialysis did not provide complete 
separation of globulin from albumin, and the 
method was awk\vard and impracticable. A more 
direct method was tried which was similar to that 
described by Addis (13) in the preparation of 
" fibrinogen solution,” and later by Eagle (8) in 
the preparation of “ prothrombin solution.” This 
involved the well known effect of dilution and 
acidification of plasma. The globulin material so 
precipitated exhibited the characteristics of whole 
plasma in respect to the clotting of hemophilic 
blood. 

Citrated plasma M'as obtained by the usual tech- 
nique from fresh normal and hemophilic bloods 
respectively. Each sample was passed through a 
Berkefeld filter. To one part of each plasma 
were added nine parts of cold tap water, and the 
mixtures were then subjected to a stream of CO, 
for seven mintes, when a cloudy precipitate ap- 
peared. After centrifugation at 2,000 r.p.m. for 
15 minutes, the clear supernatant fluid was dis- 
carded and the white gummy precipitate was sus- 
pended in 0.85 per cent NaCI and diluted with 
the saline solution to the original volume of the 
parent plasma. After 24 hours in the icebox at 
8° C. a tough precipitate generally floated on top 
of the saline mixture (presumably flbrin). This 
precipitate was removed with a glass rod, and the 
remaining opalescent fluid was then tested by 
standard technique with hemophilic blood. The 
clotting time of 2 cc. of hemophilic blood was 
sharply reduced by the addition of 0.03 cc. of 
either normal plasma or its derived globulin sub- 
stance, whereas the addition of equivalent amounts 
of hemophilic plasma or its derived globulin 
substance was relatively ineffective (Table III). 
Chemical analyses showed no appreciable differ- 


ences in nitrogen content between the normal and 
hemophilic test substances. 

Sometimes the normal globulin substance in 
0.85 per cent NaCl lost its coagulation-accelerat- 
ing power in several days, and yet other samples 
kept in the icebox retained potency after storage 
for several months. The cause of this discrep- 
ancy was not ascertained. It was not due to 
bacterial contamination. Exposure in a water 
bath to 56° C. for 5 minutes destroyed the coagu- 
lation-accelerating power of globulin substance so 
prepared. 

The effect of intravenous injections of normal 
globulin substance on the clotting time of hemo- 
philic blood. Globulin substance was prepared as 
in the previous studies, by dilution and acidifica- 
tion of plasma with CO 2 The saline suspension 
was centrifuged at 2,000 r.p.m, for 10 minutes, 
and the opalescent supernatant fluid was passed 
through a Berkefeld filter. The saline solution 
was then administered intravenously by gravity 
infusion. Precaution was taken to flush the in- 
fusion apparatus with 0.85 per cent NaCl solu- 
tion in order to avoid clot formation in the needle. 
Except for a sensation of slight fullness in the 
head, no untoward effects were experienced by 
the patients. The clotting times were materially 
reduced, but not so sharply as by transfusion 
with blood equivalent in amount to that from 
which the substance was derived (Table IV). 

The dilution of filtered normal plasma with 
water and the subsequent acidification with CO^ 
resulted in the formation of a precipitate, which, 
when suspended in saline, was as effective as whole 
plasma in reducing the clotting time of hemophilic 
blood. The clot-promoting power of this normal 
globulin substance was effective both in vitro and 
in vivo. It was unstable and therjnolabile. It 


TABLE III 

Effect on dolling lime of hemophilic blood of adding "globulin substance" derived from fillered normal and hemophilic plasmas 


Clotting time 
Case i Case 11 


minutes minutes 


2 cc. control hemophilic blood 180 72 

2 cc. control hemophilic blood plus 0.03 cc. filtered normal plasma 22 22 

2 cc. control hemophilic blood plus 0.03 cc. normal globulin substance 16 16 

2 cc. control hemophilic blood plus 0.05 cc. normal globulin substance 12 12 

2 cc. control hemophilic blood plus 0.03 cc. filtered hemophilic plasma 180 59 

2 cc. control hemophilic blood plus 0.03 cc. hemophilic globulin substance 180 52 

2 cc. control hemophilic blood plus 0.05 cc. hemophilic globulin substance 150 41 
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TABLE IV 

Effect on clotting time of hemophilic Hood of intravenous 
injection of " glohdin substance" 


ClottinR time 
Case I* Case II* 


Clotting time before injection 

minutes 
. 100 

minutes 

50 

Clotting time 1 hour after injection. . 

. 30 

32 

Clotting time 2§ hours after injection 

. 49 

28 

Clotting time 4 hours after injection . 

. 40 

20 

Clotting time 24 hours after injection 

. 85 

35 

Clotting time 96 hours after injection 


39 


* Case I received 135 cc. "globulin substance." Case 
II received 75 cc. "globulin substance." 


-was either absent from or greatly diminished in 
globulin substance similarly prepared from hemo- 
philic plasma. 

Preparation of dried globulin substance. Com- 
parison of CO. and acetic acid precipitation meth- 
ods. Because of the instability of a saline sus- 
pension of the globulin substance, the material 
was prepared in dried form. Two hundred cc. 
of fresh filtered normal plasma were divided into 
two equal portions. To 100 cc. were added 900 
cc. of cold tap water, and the mixture subjected 
for one-half hour to a stream of COo until pH 5.9 
was reached. The cloudy fluid was centrifuged 
at 2,000 r.p.m. for one-half hour, the clear super- 
natant fluid decanted, and the precipitate, dried 
at room temperature in a vacuum desiccator, 
yielded 650 mgm. of grey-brown amorphous ma- 
terial. 

The second portion of 100 cc. of plasma was 
similarly diluted with water and then acidified by 
adding 1 per cent acetic acid to pH 5.3. The 
cloudy fluid was likewise centrifuged at 2,000 
r.p.m. for one-half hour, the supernatant fluid 
discarded, and the precipitate, dried at room tem- 
perature in a vacuum desiccator, yielded 713 mgm. 
of a similar grey-brown material. 


Acetic acid precipitation was likewise used with 
fresh, filtered plasma from 2 cases of hemophilia, 
with yields of 452 and 670 mgm., respectively, per 
100 cc. plasma. 

In two instances, fresh normal blood was de- 
fibrinated by stirring with a glass rod and then 
centrifuged at 2,000 r.p.m. for one-half hour. The 
supernatant fluid was removed and passed through 
a Berkefeld filter. This defibrinated plasma was 
then subjected to dilution and acidification — the 
resultant precipitate dried, as above, with a yield 
of about 500 mgm. per 100 cc. plasma. 

All materials were then pulverized and kept 
dry over calcium chloride in a desiccator. Sam- 
ples of the dried powders so prepared were tested 
for their effect on the clotting time of hemophilic 
blood. 

Effect of adding dried globulin substance in 
vitro to hemophilic blood. Ten milligrams of each 
dried material were emulsified and then taken up 
in 2 cc. of 0.85 per cent NaCl. The cloudy sus- 
pension was centrifuged at 1,500 r.p.m. for 15 
minutes and 0.1 cc. of the clear supernatant fluid 
of each was tested with 2 cc. of hemophilic blood 
by standard technique. 

Table V shows that the globulin substance from 
normal blood,^ whether prepared from citrated 
plasma by CO 2 or acetic acid precipitation, was 
optimally effective in reducing the clotting time of 
hemophilic blood, whereas the hemophilic globulin 
substance, so prepared, w'as inert. The globulin 
substance from defibrinated normal blood, how- 
ever, did not reduce the clotting time of hemophilic 
blood. In the process of defibrination the coagu- 
lation-accelerating material apparently was pre- 

“iThe addition to hemophilic blood of dried “globulin 
substance” prepared from sheep, ox, rabbit, and monkey 
plasma showed a coagulation-accelerating effect similar to 
that obtained with the normal human derivative. 


TABLE V 


Clotting time 
Case I Case II 


1 S: “n*trol hShil K -pte 0.i cc. noV„.i gipWin^y cbVmetM 

,, tiomnnbilic blood pluS 0.1 

2 cc. 


normal giuuunu uy ; j 

:: c=j »iH= blood p}u. O.J cc. — V -y 

I S: ESS bIo”d 0.1 Ec.- dcfib,?oated normal globulin by acet.c acdj^ 
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cipitated with the fibrin. That it was not identical 
with it, however, may be seen in tlie following 
studies. 

Physiological characteristics of the globulin 
substance prepared from normal and from hemo- 
philic filtered plasmas. Saline suspensions of the 
dried globulin substances as prepared in the pre- 
ceding study, were tested by the method of Howell 
and Cekada (18) who used a calcium-fibrinogen 
system in their comparison of normal and hemo- 
philic prothrombin. Calcium chloride was made 
up in 0.5 per cent aqueous solution. Fibrinogen 
solution was prepared from normal human blood 
according to the method of McLean (25). The 
addition successively of calcium chloride, of fi- 
brinogen and of both calcium chloride and fibrino- 
gen to a solution of the globulin substance was 
performed in standard test tubes. The tubes 
were shaken briefly and placed in a water bath at 
37° C. 

It was observed that the addition of calcium 
chloride alone to the globulin substance did not 
produce clotting. The addition of fibrinogen solu- 
tion to the globulin substance produced no clot in 
six hours but did cause clotting in 24 hours. 
This suggested that the globulin substance, acting 
as prothrombin, was slowly converted into throm- 
bin, which, as Mellanby (11) has shown, may 
take place in the presence of minute quantities of 
calcium or even in its apparent absence. 

The addition of both calcium chloride and fi- 
brinogen solutions to solutions of the hemophilic 
as well as of the normal globulin substance was 
followed by prompt clotting (Table VI). 


According to the criteria of Howell and Cekada 
(18), these observations confirm their conclusions, 
namely, that quantitatively and physiologically 
both the normal and hemophilic prothrombins be- 
have similarly. However, when solutions of these 
globulin substances were tested with hemophilic 
blood as in the preceding study, 07tly the normal 
globulin stubstance, unlike the hemophilic, caused 
a sharp reduction of clotting time. 

The clot formed by the combination of hemo- 
philic globulin substance with calcium and fibrino- 
gen reliquefied in 12 hours, whereas the dot 
formed by combination with normal globulin sub- 
stance reliquefied only after 24 to 48 hours. 

In filtered normal plasma, after dilution with 
water and acidification with either CO^ to pH 5.9 
or with 1 per cent acetic acid to pH 5.3, there was 
formed a precipitate which, dried in vacuo, con- 
tained an active coagulation-promoting substance 
for hemophilic blood. Approximately 500 to 700 
nigm. of the grey powder were obtained from 100 
cc. of citrated normal plasma. 

When the above procedure was applied to 
hemophilic plasma an approximately equivalent 
ajHotmt of dried material was produced, the saline 
suspension of which had little, if any, ability to 
hasten the clotting of hemophilic blood in the test 
tube. 

Tested against a freshly prepared calcium fi- 
brinogen systejfi, both the normal attd hemophilic 
precipitates were equally active as prothrombin. 
These observations seeni to indicate that the dif- 
ferejice between ttormal ajid hemophilic blood is 
due either to a qualitative difierence of the globttlm 


TABLE VI 


CloUing characteristics of dried “globulin substance” in relation to a calcium-fibrinogen system 


A. 0.3 cc. normal globulin plus 0.1 cc. CaCh 0 clot in 24 hours 

0.3 cc. hemophilic globulin plus 0.1 cc. CaCh 0 clot in 24 hours 

0.3 cc. defibrinated normal globulin plus 0.1 cc. CaCh 0 clot in 24 hours 

B. 0.3 cc. normal globulin plus 0.4 cc. normal fibrinogen 0 clot in 6 hours (Clot in 24) 

0.3 cc. hemophilic globulin plus 0.4 cc. normal fibrinogen 0 clot in 6 hours (Clot in 24) 

0.3 cc. defibrinated normal globulin plus 0.4 cc. fibrinogen Clot in 26 minutes 

”°*’***^^ globulin plus 0.1 cc. CaClj plus 0.4 cc. normal fibrinogen Clot in 15 minutes* 

0.3 cc. hemophilic globulin plus 0.1 cc. CaClj plus 0.4 cc. normal fibrinogen Clot in IS minutes* 

0.3 cc. defibrinated normal globulin plus 0.1 cc. CaCU plus 0.4 cc. fibrinogen Clot in 27 minutes 

D. 0.5 cc. fibrinogen plus 0.3 cc. CaClj 0 clot 


hemophilic globulin-calcium-fibrinogen clot reliquefied in 12 hours, whereas the corresponding normal clot 
miquefied in 48 hours. The ready clotting of defibrinated plasma globulin in B as well as C indicates that thrombin was 
aoerated by process of defibrination. 
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subsfauce ov to other substances associated with 
the globulin fraction of the plasma. 

The effect of rcprecipitation of the globulin sub- 
stance contained in normal plasma. After pre- 
cipitating globulin substance from filtered normal 
plasma by dilution and acidification to pH 5.3, the 
precipitate was taken up in 0,85 per cent NaCI to 
the volume of the parent plasma. This saline sus- 
pension of globulin was centrifuged at 2,500 r.p.m. 
for one-half hour in order to rid the mixture of 
particulate matter. The supernatant fluid was 
then diluted with 10 volumes of water, and a white 
flocculent precipitate was thrown down at pH 5.3. 
The precipitate was collected and dried in a 
vacuum desiccator. The yield of reprecipitated 
globulin substance was 430 mgm. per 100 cc, of 
plasma. When equivalent concentrations of the 
reprecipitated globulin substance were compared 
with the preparations obtained by a single pre- 
cipitation, the reprecipitated globulin substance 
was found to be less active than the cruder ma- 
terial in its clot-promoting power on hemophilic 
blood. Refinement and concentration by this 
method, therefore, was unsuccessful. 

The chemical characteristics of globulin sub- 
stance. Globulin substance prepared from normal 
plasma gives the usual precipitation and color re- 
actions of a protein, and the specific reactions of 
globulin. It is partially soluble in 0.85 per cent 
NaCl solution but wholly insoluble in distilled 
water at pH 6.5. 

On analysis of samples of globulin substance 
from normal and from hemophilic blood, yields be- 
tween 15 to 18 per cent of nitrogen were obtained, 
with the exception of one hemophilic globulin 
substance which contained 21 per cent nitrogen. 
The solubility in 0.85 per cent NaCl solution of 


TABLE VII 

Chemical analyses of “globulin substance" 


Num- 

ber 

Source of globulin 
substance 

1 

Total 

nitrogen 

! 

Total 
nitrogen 
soluble in 
0.85 per cent 
saline 
solution 

1 

Hemophilic plasma 

per cent 
16.0 

per cent 

56.0 

61.5 

51.5 

2 

Normal plasma 

15.0 

3 

Normal plasma 

18.0 

4 

5 

Hemophilic plasma 
Number 2 reprecipitated 

21.0 

15.0 

lo.u 

29.2 


globulin substance prepared from plasma of dif- 
ferent subjects is given in Table VII. The values 
are in terms of the percentage of nitrogen dis- 
solved in isotonic saline. 

Globulin substance from two normal individuals 
and from a patient with hemophilia whose blood 
clotted in between 40 and 60 minutes was found 
to be 50 to 60 per cent soluble in 0.85 per cent 
NaCl solution. Globulin substance from a case 
of hemophilia in which the clotting time was above 
2 hours was 16 per cent soluble. Normal globulin 
substance reprecipitated from its saline solution 
showed a reduced solubility to 29 per cent in 0.85 
per cent NaCl solution. Further studies are es- 
sential in order to determine whether these differ- 
ences are due to intrinsic peculiarities of the globu- 
lin substances or whether they are due to unin- 
tentional variations in the technique of prepara- 
tion. 

The coagulation-accelerating substance obtained 
from normal plasma is precipitated with a protein 
giving the characteristics of a saline soluble 
globulin. 

Effect of variation in temperature on the coagu- 
lation-accelerating pozver of globulin substance ob- 
tained from filtered normal plasma. One hundred 
mgm. of powdered globulin substance from normal 
blood was taken up in 20 cc. of 0.85 per cent NaCl 
solution. The insoluble matter was centrifuged 
down, and the clear supernatant fluid was pipetted 
by sterile technique into each of five tubes. Each 
tube was then kept at a different constant tem- 
perature. At intervals, 0.1 cc. of each fluid was 
removed from the tubes and tested in the usual 
manner against 2 cc. of hemophilic blood, and the 
clotting times noted with standard technique. All 
fluids remained clear except for those kept at 48° 
C., which acquired a flocculent precipitate after 
one-half hour. ^ 

It was observed (Table VIII, Figure 1) that 
at 48° C. there was loss of activity in 3 to 6 hours ; 
at 43° C., in 6 to 10 hours ; at 36° C. in 10 hours ; 
at 25° C. in 22 hours ; at 10° C. a slight loss in 48 
hours. Like plasma, the coagulation-accelerating 
activity of globulin substance is thermolabile. 

Observations on the optimal hydrogen ion con- 
centration for the precipitation of active globulin 
substance. Since active globulin substance from 
normal plasma was obtained by precipitation either 
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Fig. 1. Effect of Variation in Temperature on the Acrmry 
OF " Globulin Substance.’* 


with CO„ at pH 5.9 or with 1 per cent acetic acid 
at pH 5.3 there apparently was a rather wide 
range of hydrogen ion concentrations within which 
the effective substance could be obtained. In 
order to determine the optimal conditions more 
precisely globulin substance was prepared from the 


, TABLE vni 

Effect on clotting time of hemophilic blood of adding saline 
suspensions of dried “globulin substance” which 
had been subjected to constant temperatures 
for varying intervals of time * 


Case 

Time 



Clotting time 




vals 

.Controls 

10 ® c. 

25° C. 

36° C. 

43° C. 

48° C. 


hours 

minutes 

minutes 

minutes 

minutes 

■minutes 

minutes 


X 

2 

126 

11 

9 

9 

14 

14 


1 

100 

13 

13 

13 

13 

13 

I 

3 

120 

14 

9 

9 

9 

15 

6| 

12S 

9 

9 

9 

15 

24 


10 

130 

7 

12 

35 

45 

55 


22 

120 

9 

34 

67 

79 

92 


48 

1 

2 

1 

110 

17 

75 

75 

90 

105 

II 

3 

40 

9 1 

9 

9 

9 

14 

6| 

42 

8 

8 

8 

15 

18 


10 

40 

7 

8 

20 

23 

35 


22 

52 

9 

21 

27 

32 

47 


48 

40 

13 

34 

35 

35 

40 


In each tube were pipetted 0.1 cc. of the test solution 
and 2 cc. of hemophilic blood. In the control tubes were 
pipetted 0.1 cc. of saline plus 2 cc. of hemophilic blood, 
dotting times were done by standard technique at 37° C. 


same plasma at different hydrogen ion concen- 
trations. This was done in the following manner : 
400 cc. of filtered normal plasma was divided into 
8 portions of 50 cc. each. These were diluted 
separately with 10 volumes of water. Varying 
amounts of 1 per cent acetic acid were added to 
each to obtain a series of pH ranges. The re- 
sultant mixtures were centrifuged at 2,000 r.p.m. 
for one-half hour, the precipitates removed, dried, 
and weighed. The respective weights of these 
precipitates are recorded in Table IX. Of each 
dried precipitate a 20 mgm. sample was suspended 
in 4 cc. of 0.85 per cent NaCl solution. The sus- 
pensions were centrifuged at 1,500 r.p.m. for 10 

TABLE IX 


Yields of dried “globulin substance” as obtained by 
acidification of diluted normal plasma at 
different H ion concentrations * 


Plasma 

Dilution in 
volumes 

1 per cent 
acetic acid 

Resultant 

pH 

Yield after 
desiccation 

cc. 


cc. 


mgm. 

50 

10 

2 

6.98 

59 

50 

10 

4 

6.54 

113 

50 

10 

5 

6.47 

160 

50 

10 

7 

6.09 

241 

50 

10 

8 

5.90 

258 

50 

10 

10.5 

5.52 

268 

50 

10 

12 

i 5.42 

265 

50 

10 

15 

5.10 

243 


* The yields recorded are merely appro.ximatc values. 
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TABLE X 

Effect on dotting time of hemophilic blood of saline suspen- 
sions of dried “globulin substance" obtained at different 
H ion concentrations from normal plasma 


Clotting time 


Control hctnopHlio blood 

ConlrolhcmophiUo blood plus 0.1 cc.otpll 6.1 . . 
Control hemoplillicblood plus 0.1 cc.nt pH 5.42 . 
T ». I . • - . . . . I T- ■ ■ ■ 

i fc.uipri o.UU. 

' ' ; ' ■ ■.cc.atpliG.47. 
('■■■' : ' cc.atpH 0.54. 

Control hemophilic blood plus 0.1 cc.alpH O.OS. 


CnFC 

1 

Case 

11 

Cqfc 

III 

Case 

IV 

Case 

V 

min- 

min- 

min- 

min- 

min- 

utrs 

W(M 

U(fl 

JJ(M 


140 

120 

100 

61 

37 

62 

21 

15 

12 

10 

54 

20 

14 

10 

10 

23 

13 

14 

10 

7 

29 

8 

7 

G 

0 

IS 

8 

7 

6 

3 

17 

8 

7 

G 

3 

22 

13 

7 

G 

4 

52 

30 

r 

12 

11 


minutes and tlie clear, supernatant fluid tested by- 
standard technique against hemophilic blood. 

It was noted that the substance obtained by 
precipitation at pH 5.9 to pH 6.4 was the most 
effective in reducing the clotting time of hemo- 
philic blood (Table X; Figure 2). While only 
one set of observations is recorded, the procedure 
has been repeated with practically identical re- 
sults. 

The effect of dilution on the activity of dried 
glohidin substance obtained from normal filtered 
plasma. Fifty mgm. of dried globulin substance 
precipitated at the optimal point of pH 6.09 was 
taken up in 5 cc. of 0.85 per cent NaCI solution. 
After thorough mixture, this was centrifuged at 
2,000 r.p.m. for 15 minutes, and the clear, super- 


natant fluid removed. Serial dilutions of the 
supernatant fluid were made with 0.85 per cent 
NaCl up to 1 : 256 dilution. Of each dilution 
0.1 cc. was added to 2 cc. of hemophilic blood by 
standard technique, and the clotting times noted. 
In Table XI and Figure 3, the effect of dilution 
upon the coagulation-accelerating activity of the 
globulin substance from normal plasma is illus- 
trated. 

By^ increased concentration of globulin substance 

TABLE XI 


Effect of dilution on the coagulation-accelerating power of 
“globulin substance" prepared from normal plasma * 


Dilution with saline 

Clotting time 

Case I 

Case 11 

Case III 

Case IV 

Case V 


minules 

minules 

minutes 

minutes 

minutes 

0 dilution 

8 

5 

4 

5 

5 

1 : 2 dilution 

26 

7 

6 

12 

8 

1 : 4 dilution ...... 

50 

9 

17 

15 ! 

12 

1 ; 8 dilution 

64 

12 

17 

19 

IS 

1 : 16 dilution 

88 



26 

27 

1 : 32 dilution 

105 

28 

23 

42 

40 

1 : 64 dilution 


40 

43 

44 

42 

1 : 128 dilution .... 


57 

73 

49 

46 

1 : 256 dilution .... 


62 

70 

48 

47 

Control hemophilic 



1 



blood 

100 

82 

73 

58 

49 


* SO mgm. of dried "globulin substance" was taken up in 
5 cc. of 0.85 per cent NaCl. After centrifuging the 
suspension at 1,500 r.p.m. for 10 minutes, serial dilutions 
of the supernatant fluid were made as indicated and 0.1 
cc. of each dilution added by standard technique to 2.0 
cc. of hemophilic blood. 



Fig 2. Effect of Variation in pH of Diluted Plasma on the 
Activity of Precipitated "Globulin Substance.” 
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prepared from hemophilic plasma a coagulation- 
accelerating substance of minimal activity was ob- 
tained. Solutions of hemophilic globulin sub- 
stance were prepared in such concentration that 
0.1 cc. contained 2 mgm. The addition of 0.1 cc. 
of such hemophilic globulin substance to 2 cc. of 
hemophilic blood reduced the clotting time with 
about the same effectiveness as a solution of 
globulin substance prepared from normal plasma, 
in which 0.1 cc. contained 0.0625 mgm. In co- 
agulation-accelerating power the hemophilic globu- 
lin substance was approximately equal to 1:32 
dilution of the normal derivative. This indicated 
that in the hemophilic the substance is greatly 
diminished in amount but not absent. 

The intravenous injection of a saline solution of 
dried normal globulin substance and its effect on 
the clotting time of hemophilic blood. One gram 
of dried normal globulin substance was taken up 
in 200 cc. of 0.85 per cent NaCl solution. After 
centrifugation at 2,000 r.p.m. for 15 minutes, ap- 
proximately 0.5 gram was recovered, indicating 
that about 50 per cent was soluble. The super- 
natant fluid was passed through a Berkefeld filter 
(Grade V) and administered by gravity infusion 
as described previously. The procedure was per- 
formed in 3 cases. When injected in about 10 
minutes, the patients experienced a sensation of 
fullness and warmth. In two instances the injec- 
tion was followed in 1 hour by moderate chill 
and headache for 10 minutes. In the third in- 


stance, when the material was injected during a 
period of 30 minutes, no untoward reaction oc- 
curred. 

There followed in each case a definite reduction 
of clotting time (Table XII and Figure 4) which 
was sustained for 10 hours in 2 cases and for 24 
hours in the third. The response was slower 
than that occurring after blood transfusion (1). 
The material used in Case II was freshly prepared 

TABLE XII 

Effect on clotting lime of hemophilic blood of the intravenous 
injection of saline solution of dried “globulin sub- 
stance” prepared from normal plasma 


Case 

number Clotting time 


minutes 

Clotting time before injection 135 

Clotting time 40 minutes after injection ... 60 

Clotting time 70 minutes after injection ... 70 

I Clotting time 3 hours after injection 48 

Clotting time 5 hours after injection 45 

Clotting time 9} hours after injection .... 70 

Clotting time 24 hours after injection 122 

Clotting time before injection 165 

Clotting time 45 minutes after injection ... 23 

Clotting time 2 hours after injection 25 

II Clotting time 5 hours after injection 24 

Clotting time lOJ hours after injection .... 30 

Clotting time 24 hours after injection 58 

Clotting time 48 hours after injection 150 

Clotting time before injection . . ._. 150 

Clotting time 75 minutes after injection ... 35 

III Clotting time 3 hours after injection 30 

Clotting time 5 hours after injection 41 

Clotting time 24 hours after injection 83 
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Fig. 4. Effect of Intravenous Injection of " Globulin Substance " 
ON Clotting Time of Hemophilic Blood. 


at pH 6,09 and was shown by m vitro tests to 
reduce the clotting time from 165 minutes to 6 
minutes ; whereas that which was used in Cases I 
and III was made from old, pooled plasma which 
by in vitro tests reduced the clotting time from 
150 to 30 minutes. 

A control study was performed with globulin 
substance similarly prepared from 550 cc. of 
hemophilic blood, which yielded 1.2 grams of dry 
powder. The hemophilic globulin substance was 
obtained from a patient whose blood had a clotting 
time of 50 minutes, and it was injected into an- 
other patient whose blood clotted in 150 minutes. 
One hour after injection the recipient’s clotting 
time was 85 minutes. Subsequent tests, how- 
ever, made 3 hours, 5 hours, 10 hours, and 24 
hours after the injection showed clotting times 
between 120 and 155 minutes. In vitro tests 
showed a comparable minimal reduction in dot- 
ting time, . 

These results may indicate that the material^ ob- 
tained from the mild hemophilic patient provided 
a small amount of coagulation accelerating sub- 


stance. The results confirm previous observa- 
tions which demonstrated the specificity of the 
reduction in hemophilic clotting time following 
the injection of normal globulin substance. 

Dried nojinal globulin substance, token taken 
up in 0.85 per cent NaCl solution, exhibits the 
coagulation-accelerating properties of the freshly 
prepared material The optimal zone for precipi- 
tation of this substance lies in the pH range of 
5.9 to 6.4. It manifests a characteristic pattern 
of reaction to dilution and to changes of tempera- 
ture. Intravenous injection of a saline solution 
of dried normal globulin substance in 3 cases of 
hemophilia was followed by definite reduction of 
the clotting time of the blood. 

I 

COMMENT 

Discussion of the relationship of globulin sub- 
stance to other factors in blood coagulation neces- 
sarily involves a consideration of prothrombin. 
Whereas some authors (3, 4, 5, 6), identify the 
source of prothrombin, or a comparable sub- 



SUBSTANCE FEOJf PLASMA ACCELERATING COAGULATION IN HEMOPHILIA 


123 


stance, with platelets as well as plasma, others 
(7, 8), imply that it resides chiefly in the non- 
cellular plasma. Certain authors (9), indeed 
deny its existence. Its chemical nature and mode 
of activit}' are not clearly established. It is 
known only by its capacity to form thrombin. At 
present, therefore, it is better regarded as a physi- 
ological complex tlian a single, chemical substance. 

There have been several methods described for 
its preparation. Mellanby (10) obtained it from 
bird plasma by predpitation, at a reaction of pH 
5.3, of the globulin complex from diluted plasma. 
He later modified this by additional treatment 
with dilute calcium bicarbonate solution (11). 
Bordet and Delange (12) applied the principle 
of adsorption with tricalcium phosphate for the 
preparation from plasma of proserozyme (pro- 
thrombin). Addis (13) and later Eagle (8) 
precipitated it by dilution of plasma with water 
and acidification with COj. Howell (4) obtained 
it by acetone precipitation of plasma. Because of 
the varied methods for preparation and the failure 
to obtain a pure substance there is not complete 
agreement over the properties of prothrombin. 
In general, it is thought to be a protein, of glob- 
ulin nature, nondialyzable, insoluble in distilled 
water but soluble in weak alkali. Its reaction to 
changes of temperature have been variously 
described. 

A number of communications have attributed 
the clotting abnormality of hemophilia to altered 
prothrombin. Addis (13), Christie and his co- 
workers (6), Feissly and Fried (14) believed 
the delayed clotting resulted from a qualitative 
change in this substance. Klinger (IS), Hur- 
witz and Lucas (16), and Howell (17) said 
there was a quantitative defect, but the latter re- 
versed his opinion later (18). Govaerts and 
Gratia (19) concluded that a dual mechanism was 
involved, namely, that a plasma factor in normal 
blood activated the abnormally stable hemophilic 
platelets. The plasma factor was neither pro- 
serozyme (prothrombin) nor cytozyme (throm- 
bokinase). 

The present studies, we believe, clarify in a 
measure this confusion. If a scheme for blood 
clotting is accepted that involves only prothrom- 
bin, calcium, and fibrinogen, both normal and 
hemophilic prothrombins function similar^. 


However, the addition of normal prothrombin ac- 
celerates the clotting of hemophilic blood, whereas 
the addition of hemophilic prothrombin does not. 
Hence, regardless of its behavior in a calcium 
fibrinogen system, there must be a specific altera- 
tion in the hemophilic “prothrombin complex.” 

The clotting substance described here is not 
dialyzable, but it does pass through a Berkefeld 
filter. Its range of optimal precipitation from 
plasma lies between pH 5.9 and 6.4. It is ther- 
molabile, insoluble in water at pH 6.5, but solu- 
ble in isotonic saline. The substance so obtained 
either gives reactions of a protein with the char- 
acteristics of globulin or is associated with such 
a material. However, hemophilic plasma yields 
a similar material which has only minimal coag- 
ulation-accelerating activity. Therejore, one may 
conclude at this juncture only that the clotting 
substance is precipitated with globulin, but there 
is no proof that it is globulin itself. 

Reiner and Reiner (20) have shown that there 
are at least two serum globulins with precipita- 
tion points at pH 5.1 and 6.8 respectively. It is 
possible that the hemophilic abnormality is as- 
sociated with only one of several globulins. It is 
also possible that the active principle in globulin 
substance is an enzyme. Its possible protein na- 
ture, its potency in small amount, its pattern of 
reaction to changes in temperature and to dilution, 
its specific range of precipitation from plasma in- 
vite such an hypothesis. 

Heretofore, the clotting abnormality of hemo- 
philia has been studied in vitro. Bendien and 
Creveld (21, 22) implied that in vivo studies with 
a substance they isolated were promising, but 
no data were given. The fact that normal glob- 
ulin substance reduces the clotting time in vivo, 
we believe changes the complexion of the disease 
from an abnormality that was immutably fixed to 
one that is amenable to change. Likewise the 
preparation of a relatively stable dry substance 
makes practical the further study of its properties. 

Since the exact nature of globulin substance is 
not definable, comparison with other substances 
that are said to be active coagulation-accelerators 
in hemophilia would be untimely. Recent studies 
with vitamin K (23) ma}' provide analogies. 
The placental coagulant described by Eley and 
his coworkers (24) may contain globulin sub- 
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stance since placenta is ricli in blood. However, 
in several respects the two substances diflfer. 
More closel}’- similar appears to be that described 
by Bendien and his coworkers (21) in Holland. 

Obviously much remains to be learned : a more 
exact definition of “globulin substance”; its 
metabolism ; its relation, if any, to enzymic proc- 
esses; and ultimately its relation, if any, to the 
peculiar sex linkage that characterizes the disease. 

SUMMARY AND CONCLUSIONS 

1. Upon dilution and acidification of filtered 
normal plasma there is fonned a globulin precipi- 
tate, which, either fresh or dried in vacuo, con- 
tains a clot-promoting substance for hemophilic 
blood. This substance is effective both in vitro 
and in vivo. 

2. When the above procedure is applied to 
hemophilic plasma an approximately equivalent 
amount of precipitate is formed, the saline suspen- 
sion of which has very little ability to hasten the 
clotting of hemophilic blood. 

3. Tested with a calcium-fibrinogen system 
both normal and hemophilic precipitates are 
equally active as “ prothrombin.” 

4. In respect to clotting activity “ globulin sub- 
stance ” so prepared from normal plasma is ther- 
molabile, insoluble in water at pH 6.5, but soluble 
in isotonic saline. It is not ultrafilterable, but it 
does pass through a Berkefeld filter. Its range 
of optimal precipitation from plasma is between 
pH 5.9 and 6.4. 
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Although subcutaneous nodules in subjects with 
rheumatic fever were described prior to the report 
of Barlow and Warner (1), these workers pre- 
sented the first series of observations on 27 pa- 
tients and described the clinical characteristics of 
nodules. Like Cheadle (2), these observers be- 
lieved subcutaneous nodules to be diagnostic of 
rheumatic fever. The early literature has been 
adequately summarized by Futcher (3), and Mc- 
Ewen (4) has recently reviewed the more recent 
reports. 

Subcutaneous nodules are usually multiple and 
may appear in crops over the bony prominences 
and sometimes on tendons. They are painless, 
non-tender, vary considerably in both size and 
consistency, and may be present from a few days 
to several months. Nodules are most apt to occur 
in patients with the more severe forms of rheu- 
matic heart disease and many observers consider 
them to indicate a grave prognosis. 

Drewitt (5) first hypothesized that trauma was 
involved in the production of subcutaneous nod- 
ules because of their common occurrence over 
bony prominences. In confirming the many ob- 
servations on the location of subcutaneous nod- 
ules, we were impressed with the possibility that 
trauma may be a factor in their appearance. In- 
terest in such a probability resulted in an attempt 
to traumatize the elbows of rheumatic fever sub- 
jects by several methods to see if subcutaneous 
nodules could be artificially induced. The results 
of these attempts to reproduce subcutaneous nod- 
ules form the basis of the present report. 

CLINICAL MATERIAL 

The present report is based on studies upon 116 
patients who are divided into the following 
groups ; 

(1) Sixty patients had rheumatic fever, ex- 
clusive^^ those with chorea. Twenty had clin- 

" The expenses of this study have been defrayed by a 
grant from the Commonwealth Fund. 


ical manifestations of the disease, twenty-six were 
convalescing from clinical rheumatic fever but at 
the time of observation had only laboratory evi- 
dence of infection (i.e., an elevated sedimentation 
rate, leukoc)d:osis, or prolongation of auriculo- 
ventricular conduction time by electrocardiogram) , 
and fourteen were convalescing from rheumatic 
fever but at the time studied exhibited no clinical 
or laboratory evidence of active disease. 

(2) Twenty-two patients had active or subsid- 
ing chorea as their presenting sign. Six of these 
had rheumatic heart disease, one had congenital 
heart disease, and in fifteen there was no clinical 
evidence of cardiac involvement. Six had chorea 
as their only manifestation of rheumatic fever, 
and sixteen had other symptoms of rheumatic 
fever in the past or at the time of the test. At 
the time of the study the degree of chorea varied 
from minimal to moderate. 

(3) Thirty-four subjects with diseases other 
than rheumatic fever were used as controls. 
Thirty of these had bone tuberculosis of varying 
severity, one had hysteria, one habit spasm, one 
was convalescing from pneumonia, and one had 
subacute bacterial endocarditis. 

The ages of the subjects composing these three 
groups were comparable, averaging 10 years and 
ranging between 4 and 16 years. 

METHODS 

The chief method of approach in our attempt to 
induce the formation of nodules, and that used on 
each of the 116 patients of this series, was as 
follows. 

The region of the olecranon process was infil- 
trated with 1 cc. of 1 per cent novocaine. From 
the antecubital vein of the opposite arm 2 to 3 cc. 
of blood was removed and immediately injected 
into the subcutaneous and deep tissues of the 
anesthetized area. During the next ten days, 
frictional pressure was applied by having the pa- 
tient rub the injected elbow on the bedclothes for 
12S 
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several minutes (or until the skin became warm), 
six times a day. 

In addition to this primary method, the follow- 
ing procedures were used. 

(1) Five subjects had one elbow tested in the 
above mentioned manner, and the other elbow 
injected only with novocaine before frictional 
pressure was applied. 

(2) Fifteen patients tested by the primary 
method had only frictional pressure to the other 
elbow. 

(3) Nine patients were injected by the basic 
method over both elbows, but frictional pressure 
was applied to only one elbow. 

(4) Finally, twenty patients had normal saline 
substituted for blood in injecting the other elbow. 

RESULTS 

A hematoma developed over the elbow in those 
cases in which blood was injected. In some in- 
dividuals the diffuse subcutaneous thickening sub- 
sided, and the tissues regained their normal tex- 
ture by the end of one to two weeks. In others, 
as the hematoma subsided there appeared, usually 
by the end of the first or during the second week, 
a discrete, moveable, subcutaneous nodule-like 
structure. In the beginning, this was poorly de- 
fined and somewhat soft, but usually within an- 
other week or more it became definitely circum- 
scribed and firm. The size varied from about 
2 to 10 mm. in diameter. Clinically, these in- 
duced nodules could not be distinguished from the 
subcutaneous nodules which appear spontaneously 
in patients with rheumatic fever. 

Table I summarizes the results of these experi- 
ments involving the subcutaneous injection of 
blood in 116 individuals. 

Of twenty patients with clinical rheumatic 
fever, eighteen (90 per, cent) developed nodules 
at the site of injection, and two-thirds were of 

moderate size or larger. 

Of twenty-six patients with only laboratory evi- 
dence of active rheumatic fever, thirteen (50 per 
cent) exhibited a nodule response. Five of the 
nodules were of moderate to large size, and eight 
were small but definite. 

Of fourteen patients without clinical or. labora- 
tory evidence of active infection, only two (14 


TABLE I 


Distribution and size of induced nodules 


Group 

Number of 
cases tested 

Successful 

nodule 

reaction 

No 

nodule 

reaction 

Size of 
induced 
nodules 

Number 

Per cent 

Number 

Per cent 

Small 

Moderate 
or larger 

Clinical rheumatic fever 

20 

18 

90 

2 

10 

0 

12 

Rheumatic fever — abnormal 








laboratory tests only 

20 

13 

SO 

13 

SO 

8 

S 

Inactive rheumatic fever 

14 

2 

14 

12 

80 

2 

0 

Chorea 

22 

3 

14 

19 

80 

3 

0 

Non-rheumatic (controls).. . . 

34 

1 

3 

33 

97 

1 

0 

Total cases 

no 

37 

32 

79 

08 

20 

17 


per cent) developed nodules, and in both instances 
they were of small size. 

The twenty-two patients with chorea as their 
presenting symptom have been classified sep- 
arately. Only three subjects (14 per cent) de- 
veloped nodules, and in each instance the nodule 
was of small size. One had laboratory evidence 
of active rheumatic fever. The second was con- 
valescent from frank rheumatic fever, but at the 
time of injection had no clinical or laboratory 
evidence of activity. The third had chorea as the 
only known manifestation of rheumatic fever. 

Of the thirty-four control patients, one (3 per 
cent) developed a definite nodule. This patient 
had low-grade fever, which may be explained by 
his active bone tuberculosis. However, in the 
past, he had spontaneous nosebleeds, and on ex- 
amination there was a question as to the presence 
of an early aortic diastolic murmur. No definite 
diagnosis of rheumatic fever could be made. 

These results apply only to those instances in 
which blood was injected subcutaneously into an > 
anesthetized area overlying the olecranon process 
and the elbow then rubbed so as to produce fric- 
tional pressure. The results of the four addi- 
tional procedures are also of interest and follow. 

Four of five rheumatic patients who had blood 
injected by the basic method developed nodules 
after the maneuver, while the injection of novo- 
caine alone into the other elbow and subsequent 
frictional pressure failed to cause a nodule re- 
sponse in any instance. 

None of the fifteen patients who had only fric- 
tional pressure applied to one elbow developed 
nodules, but six of these same patients exhibited 
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a nodule response on the elbow where blood was 
injected. 

Nine patients had blood injected subcutane- 
ously into both elbows with frictional pressure 
to one elbow only. Five developed nodules bilat- 
erally, while four had no reaction over either 
elbow. 

Twenty individuals were injected with blood 
in one elbow and saline in the other. Six devel- 
oped nodules at the sites of blood injection, and 
in four of these, nodules resulted also over the 
elbow, injected with saline. 

DISCUSSION 

It has been demonstrated that the injection of 
blood subcutaneously over the anesthetized ole- 
cranon process with subsequent frictional pressure 
resulted in the appearance of a nodule in the in- 
jected area in 37 (45 per cent) of 82 subjects 
with rheumatic fever and chorea. In no instance 
was friction alone a sufficient stimulus to induce 
the formation of a nodule. Nodules did appear 
over the areas where blood was injected, and in 
which there was no subsequent frictional pressure. 
Nodules did not appear as the result of infiltra- 
tion with small amounts of novocaine. 

From the evidence available it seems possible 
that tissue injury, if sufficient, may be of primary 
importance, although blood as a stimulant in it- 
self cannot be ruled out. Of six individuals in 
whom the injection of blood induced nodules four 
had nodules appear also over the elbows in which 
saline was substituted for blood. The injection 
of 2 to 3 cc. of saline subcutaneously is neces- 
sarily accompanied by bleeding. At this time it 
would be mere speculation to make definite im- 
plications with regard to the actual process 
whereby these nodules appear. 

In the rheumatic fever subjects injected, these 
induced nodules were definitely related to the ac- 
tivity of the rheumatic fever process. The ap- 
pearance of nodules in 90 per cent of those pa- 
tients with clinically active rheumatic fever, and 
in 50 per cent of those with only laboratory evi- 
dence of active rheumatic fever (67 per cent of 
the combined groups), was in striking contrast 
to their appearance in only 14 per cent of rheu- 
matic fever subjects without evidence of active 
rheumatic fever, and in 14 per cent of those sub- 


jects with chorea. From the above, it was evi- 
dent that these induced nodules occurred more 
frequently in the patient with active rheumatic 
fever, as is the case with spontaneous nodules. 

The size of the induced nodules also varied to 
some extent with the degree of activity of rheu- 
matic fever. Thus, in the group with clinical 
rheumatic fever, two-thirds of the nodules were 
of moderate size or larger, while slightly less than 
one-half were of this size in the group with only 
laboratory evidence of active rheumatic fever. In 
the subjects with inactive rheumatic fever and 
chorea, all induced nodules were small. 

Similarly, the duration of the induced nodules 
varied from a few weeks to several months, last- 
ing the relatively longer periods in those individ- 
uals who had persistent infection. Their clinical 
course was hence comparable to the nodules ob- 
served to occur spontaneously in subjects with 
rheumatic fever. 

These facts suggest a clinical similarity to spon- 
taneous nodules. 

A nodule appeared in only one (3 per cent) 
of the 34 control subjects, and the possibility has 
been mentioned that this child may be suffering 
from rheumatic fever. More adequate control 
studies are necessary before definite conclusions 
may be reached concerning the specificity and 
significance of these induced nodules. There- 
fore, it is not possible at this time to suggest that 
the induction of such nodules could be used as a 
diagnostic test of the presence or absence of rheu- 
matic fever. 

The histopathology of these induced nodules, 
and their comparison with spontaneous nodules 
will form the basis of the succeeding report (6). 

SUMMARY 

(1) The injection of the patients’ own blood 
into the subcutaneous tissues of subjects with 
rheumatic fever frequently results in the appear- 
ance of subcutaneous nodules in the area injected. 
They are clinically indistinguishable from nod- 
ules occurring spontaneously. 

(2) The same procedure carried out in thirty- 
four presumably non-rheumatic individuals re- 
sulted in nodule formation in a single instance. 

The authors wish to express their appreciation to Mrs. 
Nellie S. Smith and to Dr. Gerald N. Hoeffcl of the New 
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England Peabody Home for Crippled Children, who have 
made possible control studies. 
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The purpose of this report is, first, to present 
a composite histological picture of subcutaneous 
nodules of rheumatic fever as obtained from a re- 
view of the literature ; second, to attempt a patho- 
logical description on the basis of their known 
clinical age; and third, to describe the structure 
of a number of artificially induced nodules and 
compare them with spontaneously occurring nod- 
ules in rheumatic fever subjects. The production 
of these induced nodules and their clinical simi- 
larity to spontaneous nodules is the subject of the 
previous report (1), 

Since the descriptions of subcutaneous rheu- 
matic nodules found in the literature are very con- 
flicting, it is desirable to summarize the available 
information to determine if the wide variations 
of structure are consistent with the findings which 
we propose to present. In the review of these 
reports, it is surprising that the descriptions are 
in most instances limited to single nodules re- 
moved at death. Only the more adequate de- 
scriptions will be quoted. 

LITERATURE 

Barlow and Warner (2) in 1881 described the sub- 
cutaneous nodule as “ consisting of small masses of loose 
fibrous bundles, sometimes very vascular.” Hirschsprung 
(3) reported that nodules consisted of “ connective tissue 
rich in cells similar to granulation tissue with necro- 
biosis.” Cavafy (4) described two nodules, “ a small one 
consisted of young actively growing fibrous tissue cells 
with much intercellular tissue,” and a “ larger one had 
much looser structure though consisting undoubtedly of 
fibrous tissue. Strands of fibers were separated widely by 
edema and cellular infiltration. . . . Both nodules were 
very vascular, and the small arteries were enormously 
thickened in the inner coat so as to obliterate the lumen 
of some of the vessels. Many of them showed only pro- 
liferation of the endothelium.” Later he (5) described 
in addition “ a peculiar reticular tissue with strikingly 
rectangular meshes . . . , in some parts this pecular sub- 
stance was fibrinous.” Money (6) and Parker (7) very 
briefly described several nodules but added no further 

^ The expenses of this study have been defrayed by a 
grant from the Commonwealth Fund. 


information. Middleton (8) considered the nodule to be 
" made up of fibrous tissue in various stages of develop- 
ment, ... at its periphery the arteries seem to be ab- 
normally numerous and in many instances the coats are 
greatly thickened by infiltration, the intima being par- 
ticularly affected. Collections of cells frequently extend 
to a considerable distance from the vessels.” Mitchell 
(9) reported a nodule described by Osier as “a dense 
fibrous stroma with cells chiefly ovoid, the ends prolonged 
into fibrils. There was no arrangement of round celled 
elements as in granulation tissue.” Nepveu (10) re- 
moved a nodule 36 hours after its appearance and re- 
ported “ two small foci of granulated necrotic material 
with very faintly staining cells and necrotic fibrils of 
connective tissue. There is a zone of infiltration of leuko- 
cytes around the areas with transition of cells into ne- 
crosis.” Futcher (11) next described a nodule thus, 
“ portions are composed largely of cellular elements, 
which under high power are seen to consist of small round 
cells, fibroblasts, and polymorphonuclear leucocytes. In 
these situations blood vessels are quite numerous so that 
to a certain extent there is a resemblance to granulation 
tissue. Several giant cells were present in younger por- 
tions of the nodule. . . . Some 'sections show a very in- 
teresting feature in the occurrence of a definite hyaline 
degeneration of the fibrous tissue in certain situations. . . . 
Portions of the fibrous tissue which have undergone 
hyaline change show quite marked cellular infiltration. 
. . . The vascularity of the nodule is a striking feature. 
The blood vessels are most numerous at the periphery 
of the nodule, the center being comparatively free ex- 
cepting in the areas of cellular infiltration where minute 
vessels are present. Some larger vessels show an in- 
filtration of small round cells into their walls, these in 
some instances extending some distance into the surround- 
ing tissue. . . .” Poynton and Still (12) described a 
nodule removed three weeks after its appearance. “ In 
the center of the nodule there is a homogeneous material 
arranged in layers and free of cellular elements. . . . 
There is fibrin, in the interstices of which there was orig- 
inally fluid. . . . Toward the periphery many cellular ele- 
ments can be seen encrouching on this fibrinous center. 

. . . Still further to the periphery fibrous tissue is ap- 
parent, some swollen and hyaline and in places there are 
distended and distorted vessels.” 

Wick (13) reported a correct objective description of a 
nodule, but misinterpreted the constituents. “ The nodule 
consists of connective tissue moderately rich in cells and 
vessels, and inclosing several foci of various size and 
peculiar structure. The periphery of these foci consists 
of closely arranged cells of round, elongated, notched, or 
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irregular shape. Most of these cells have a comparatively 
large nucleus and may be called epithelioid cells.” 
Coombs (14) brieflj'^ described a nodule and remarked on 
the presence of multinuclear cells. Frank (15) reported 
on the histopathologj' of three nodules removed at death. 

. a hyaline homogeneous substance is found (in the 
center) which stains intensivelj' with cosin and contains 
a large amount of fibrin, as is seen with special staining. 
This lu'aline substance penetrates between the fibrils of 
the connective tissue, the nuclei of which are only par- 
tially and poorly stained. . . . The periphery exhibits' 
marked growth of connective tissue, which consists of 
young, fusiform, or epithelioid cells, and of fibrils of 
connective tissue with numerous thin, elongated cells. 
Moderately numerous leukocytes arc found in this young 
growing tissue.” Tilp (16) described a number of 
nodules. “ The smaller nodules consist of relatively large, 
round or pear-shaped endothelioid cells which arc often 
arranged around capillaries or precapillaries with small 
round cells disseminated between them. The periphery 
of the nodules consists of radially arranged, predominantly 
fusiform cells with rod or comma-shaped nuclei. . . . 
Bundles of fibrous connective tissue invade tlie marginal 
areas. The larger nodules all exhibit a central area con- 
sisting of filamentous masses, and of serous fluid. There 
are no nuclei in these central areas, but at the margins 
larger cells are seen in groups, particularly in the neigh- 
bourhood of small blood vessels. . . 

In 1924, Swift (17) described the structure of sub- 
cutaneous nodules as, "In close apposition to areas of 
cellular proliferation there is tissue destruction varying 
in size from submiliary areas to long strands of hyaline 
necrosis affecting connective tissue fibers; combined with 
necrosis are deposits of fibrin. Surrounding these foci 
are numerous cells similar in appearance and staining 


which may be broad, there appears a highly vascular mass 
of branching and anastomosing fibroblast-like cells which 
form a coherent tissue m which wander a few leukocytes 
frequently with eosinophil granulations and rather more 
mononuclear wandering cells. It is difficult to feel sure 
of the nature of the large cells that form the immediate 
mantle about the necrotic material. . . . The nucleus is 
large and vesicular, usually with a very distinct nucleolus 
and many irregularly arranged chromatin particles. 
Some have several nuclei each with a distinct nucleolus. 

. . . They are paler than nearby endotlielial cells, and they 
seem to form a tissue — at least they are the only cells in a 
tissue that shows intercellular fibrils. . . . The trend of 
their form is that of the tissue and they are distinctly and 
finely branched and attached to their neighbors by these 
branches . . , (they) seem slightly different from fibro- 
blasts and rouse the question of their possible closer rela- 
tion to such phagocytic mononuclear wandering cells or 
clasmatocytes as are so generally concerned when necrotic 
tissue is present.” 

Coates and Coombs (20), Merritt (21), and Qawson 
(22) reported on tlie structure of nodules but contributed 
no further information on their histopathology. Dawson 
and Boots (23) in a paper on subcutaneous nodules in 
rheumatoid arthritis describe the structure of nodules 
which by inference applies as well to those of rheumatic 
fever. This description is as follows: "1. An area of 
central necrosis due in its earliest stages to a gelatinous 
swelling and disintegration of collagen bundles. Depend- 
ing on the age of the nodule and the severity of the 
process there is a variable amount of fibrin deposition and 
inflammatory cell infiltration. The vessels in the nodule 
itself rarely show significant changes, but the arteries and 
capillaries in surrounding tissue show : (a) subendothelial 
deposition of fibrin, hyperplasia of subendothelial cells. 


reaction to the type of cells found in Aschoff bodies; 
multinuclear giant cells are also present.” He fur- 
ther remarks on the vascularity and vessel damage 
noted by previous writers and states, “ A participa- 
tion of fibroblasts arising from the connective tissue 
is easy to demonstrate, A few polymorphonuclear leuko- 
cytes and lymphocytes invade the diseased tissue and foci 
of edema are demonstrable. . . , The larger nodules are 
composed of a conglomeration of submiliary nodules.” 
Coates (18) described two nodules and states, "Some of 
arterioles show punctate proliferation of endothelial lin- 


ing. Perivascular mononuclear proliferation is frequent. 
The vessels present intimal and sub-intimal cellular pro- 
liferation and necrosis and are in an early stage of end- 
arteritis.” MacCallum (19) gives one of the best de- 
scriptions of the cellular constituents of nodules to be 
found in the literature. . . whenever a distinct line of 
demarkation is visible between this (central necrotic 
tissue) and living tissue, one may find a palisade-like ar- 
ran-^ement of large cells with an irregular cell body and 
a large deeply stained vesicular nucleus or sometimes 
several nuclei. There is no distinct granulation of the 
cvtoplasm of these cells, but their protoplasmic processes 
extend among the neighboring cells. Outside this layer, 


narrowing and even occlusion of the lumen, and in some 
instances canalization of the hyperplastic intima; (b) 
splitting of the elastica and occasional formation of a new 
elastic coat; (c) perivascular cell infiltration by large 
mononuclear and small round cells. 2. A surrounding 
zone of peculiar and characteristically arranged large 
mononuclear cells. These cells are for the most part dis- 
posed in radial fashion and are largely responsible for the 
characteristic appearance of the whole lesion. 3. An in- 
closing zone of dense and relatively avascular fibrous tis- 
sue.” These very marked vessel changes described by 
Dawson are more severe than those usually seen in 
nodules as described by others or those which comprise 
the present study. Klinge (24) in discussing the pathol- 
ogy of rheumatic fever does not describe the subcutaneous 
nodule separately from the myocardial lesion, since he 
believes the two are simply tissue variations of a single 
basic alteration of structure, the result of the rheumatic 
fever virus. " The rheumatic nodule is not the first or 
most important alteration, but is a stage of higher de- 
velopment. It is formed on the groundwork of a pnma^ 
degenerative alteration of the connective tissue, especially 
of^’the interfibrillar and intercellular substance. A de- 
generation of the connective tissue with swelling of the 
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intcrfibrillar substance is tlic most important and ubiqui- 
tous part in the development of the rheumatic lesion.” 
He describes at some length the connective tissue changes 
seen in the early lesion of rheumatic fever, and emphasizes 
the degeneration of collagen with later fibrin deposition 
and edema and states that only lymphocytes and polymor- 
phonuclear leukocytes may be seen in the early stage of 
development. In his description of older lesions he de- 
scribes the granuloma cells developing from the fibrocytes 
in the region of the lesion. McEwen (25) used the 
supravital technic in an attempt to identify more ac- 
curately the cells in subcutaneous nodules, but concluded 
only that they were not clasmatocytes or epithelioid cells, 
and that the giant cells were of neither the tuberculous 
nor the foreign body type. 

From the above review of the literature it is apparent 
that there are distinct variations in description and yet 
in most of them there are three general types of change to 
be noted. First, there is an alteration of collagen, asso- 
ciated frequently with fibrin deposition; second, there is 
a cellular infiltration and proliferation of large cells some 
of which resemble fibroblasts; and third, there is present 
increased vascularization of the surrounding tissue with 
concurrent vessel damage. These are the three basic 
types of tissue reaction seen in the subcutaneous nodule, 
and it is our purpose to correlate the variations of these 
three types of change with the clinical age and type of 
nodule to determine if many of the discrepancies in the 
literature are not simply nodules obtained in different 
stages of their ' evolution or regression. 

MATERIALS AND METHODS 

The nodules studied were with two exceptions 
biopsy specimens. In each instance the nodule 
was carefully dissected out after regional nerve 
block anesthesia had been instituted to prevent 
distortion of the tissue by the local injection of an 
anesthetic. The specimens were fixed in most 
instances in Zenker’s fixative, but in some cases 
Zenker-Formol was used. The blocks were par- 
affin imbedded, sectioned at 6 micra, and repre- 
sentative sections from all blocks stained with 
Delafield’s hematoxylin-eosin and with Mallory’s 
aniline blue stain. In addition, sections from 
most of the specimens were stained with Mal- 
lory’s phosphotungstic acid hematoxylin and 
Maximow’s eosin azur II. Van Gieson’s stain 
and Weigert’s elastic tissue stain were also ap- 
plied to representative sections. 

The nodules were removed in the following 
time intervals from their clinical appearance : 


1. Present less than 1 month 6 

2. Present 1 to 3 months 10 

3. Present more than 3 months 7 


A summation description of each group is pre- 
sented. Since the subcutaneous nodule is fre- 
quently made up of a number of minute lesions 
in various degrees of injury or organization, the 
structure of the large majority of lesions is inter- 
preted to represent the histopathology of the clin- 
ical nodule. 

When the clinical variations of the appearance, 
characteristics, and duration of nodules is con- 
sidered, definite differences of histopathology are 
to be expected. In an attempt to ascertain the 
basis for these differences, we have accumulated 
a small series of nodules, the clinical ages of 
which are known. This was done in order to 
define, if possible, the progressive histological 
structure of the subcutaneous nodule. 

Subcutaneous nodules present less than 1 month 

Nodules of this age group have characteristic 
features which exhibit a general basic similarity 
although there may be some variation of finer 
structure. Histologically there is in most in- 
stances widespread edema of the intercellular and 
interfibrillar spaces which is not sharply de- 
markated from the surrounding tissue (Figures 
11 and 12). This edema is usually present to 
some extent throughout the gross lesion, but 
more commonly there are areas of varying size 
of more conspicuous accumulation of fluid sep- 
arating intervening altered tissue. This loose 
edematous structure accounts for the fact that, 
in the gross, newly detected nodules are usually 
relatively soft to palpation and are ordinarily 
poorly circumscribed. There are several changes 
which are fundamentally the same in all nodules 
of this group, although the structure may varj'- 
from one specimen to another. This in part de- 
pends on the density of the tissue concerned. 

1. Collagen change. The collagen in all of the 
young specimens has a uniform change of stain- 
ing reaction. It is brightly eosinophilic staining 
with Delafield’s hematoxylin-eosin, fails to take 
Mallory’s aniline blue, and may or may not take 
a specific fibrin stain. In agreement with Klinge 
(24) there is to be found an alteration of the col- 
lagen fibrils themselves as well as a change in 
the interfibrillar and intercellular spaces with the 
deposition of a substance which in most instances 
takes a fibrin stain. The modified collagen has 
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exhibited four different trends depending in part 
at least on the density of the tissue in which the 
lesion is located, (a) The collagen in dense con- 
nective tissue may form wide, compact, acellular, 
homogeneous, acidophilic bands in which fibrils 
cannot be made out by ordinary stains (Figure 
1). This tissue is usually separated by more or 
less fluid. In the gross this is usually a small, 
fii-m, discrete nodule, (b) There may be wide- 
spread necrotization and fragmentation and even 
complete dissolution of collagen resulting in 
edema filled spaces with large fragments of 
necrotic, gelatinized, acellular, eosinophilic col- 
lagen (Figure 11). This type of nodule is usu- 
ally large and soft even though it is in dense 
connective tissue, (c) The changed connective 
tissue may be arranged as coarse, intensely eosin- 
ophilic strands which tend to form a distinct con- 
centric lattice work widely dispersed by edema, 
usually at a little distance from blood vessels, 
and richly infiltrated with cells. This type of 
nodule is usually large, soft, and situated in loose, 
irregular subcutaneous tissue (Figures 4, 8, and 
12). (d) The collagen change may manifest it- 

self as a fine, irregular, interweaving, fragmented 
network of loose necrotic fibrillar collagen with 
or without fibrin deposition (Figure 3). These 
areas are usually small, scattered, multiple, and 
situated at a short distance from the commonly 
damaged vessels. This type of reaction is usually 
found in loose subcutaneous tissue, 

2. Vessel change. At the periphery of, or 
traversing the areas of necrotic tissue in these 
younger nodules, there are usually a number of 
small arteries, veins, and capillaries. Practically 
all the vessels, including capillaries, exhibit thick- 
ened, proliferative, rounded or almost cuboidal, 
deeply basophilic staining endothelium (Figures 
3, 4, and 5). Many of the larger vessels show 
an intima thickened by subendothelial prolifera- 
tion (Figure 8). Vacuolization and swelling of 
the subintimal cells is not uncommon with re- 
sulting marked narrowing of the lumen. The al- 
terations in the media, when present, consist 
mostly of vacuolization and general diffuse swell- 
ing of the cells of the muscularis (Figures 4 and 
8). Many of the vessels have a moderate poly- 
morphonuclear leukocytic and lymphocytic in- 
filtration involving all their layers and extending 


into the perivascular tissues. Thrombus forma- 
tion in the vessels has not been observed. In 
general, the vessel changes are not as severe as 
those described by Dawson and Boots (23). 

3. Cellular reaction. In this early stage, there 
is usually a very definite perivascular proliferation 
and infiltration of the surrounding tissues. This 
is less marked in the small compact nodules and 
more general in the larger acute edematous speci- 
mens. The most marked proliferation is on the 
part of large, pale staining perivascular cells, the 
cytoplasm of which cannot be clearly defined by 
any of the stains used. The nuclei of these are 
large and oval with a pale staining, widely dis- 
persed chromatin network. There is a large 
round nucleolus demonstrable by Maximow’s 
eosin azur II stain. The exact nature of these 
cells cannot be ascertained, but they appear to 
be of the undifferentiated mesenchymal type (Fig- 
ures 4 and 5). Surrounding and merging with 
this perivascular mantle of cells, and invading the 
border of the necrotic tissue are numerous scat- 
tered, more distinct, irregularly shaped mono- 
nuclear cells. These cells have a pale to deeply 
staining large reticular nucleus and a scanty, 
deeply basophilic staining, dusty, non-granular cy- 
toplasm with one or more blunt, indistinct cyto- 
plasmic processes, demonstrable by Mallory’s 
phosphotungstic acid hematoxylin stain. A 
single large nucleolus may be seen with Max- 
imow’s eosin azur II stain. Some of these cells 
have much more distinct numerous long branch- 
ing cytoplasmic processes demonstrable by the 
Mallory phosphotungstic acid hematoxylin stain, 
and appear to be altered fibroblasts (Figures 3 
and 5). Multinuclear cells are uncommon, but 
when present they have the same general type of 
nucleus as the cells just described with either pale 
or deeply staining scanty and poorly outlined 
cytoplasm with or without branching, blunt cyto- 
plasmic processes. In general, none of the above 
cells is strikingly similar to the Aschoff cell as 
seen in the myocardium, particularly in the ap- 
pearance of the nuclei. Among these invading 
cells and scattered throughout the perivascular 
areas are many lymphocytes and a fair number 
of polymorphonuclear leukocytes and phagocytic 
wandering cells. 
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Subcutaitcous nodules present 1 to 3 months 

The characteristics of the nodules of this group 
substantiate the impression that there is a pro- 
gressive organization of the lesions seen in the 
younger specimens. Consequently edema is in- 
significant, the vascularization is much more in- 
tense, and the lesion much more richly cellular 
than in younger nodules (Figure 6). As a result 
of this, grossly, nodules of this age group although 
they may vary' considerably in size, are usually 
firm to palpation and ordinarily well circum- 
scribed. As is tbe case with younger nodules 
there are three general types of change to be 
seen. 

1. Collagen eliange. The foci of altered col- 
lagen are usually smaller and situated at a dis- 
tance from invading blood vessels (Figures 6, 9, 
and 10). The staining affinity instead of having 
one type of reaction may stain either red or blue 
with hematoxylin and eosin stain and may appear 
to have in many instances basophilic granular pre- 
cipitated material superimposed or in the tissue. 
The material does not take Mallory’s aniline blue 
and frequently does not show an affinity for the 
fibrin stain. As may be expected from the sev- 
eral types of collagen alteration seen in the 
younger specimens, there is more than one type 
of collagen focus to be seen in specimens of this 
group, (a) The necrotic collagen may be pres- 
ent as compact fibrillar or amorphous acidophilic 
or basophilic staining plaques usually with de- 
tectable fibrin and invaded at the periphery by 
an intense cellular reaction (Figure 6). (b) The 

altered collagen may consist of small foci of frag- 
mented, irregular, anastomosing, amorphous or 
beaded, eosinophilic or basophilic staining, inter- 
weaving strands of irregular size and shape. 
This material usually takes neither the aniline 
blue stain nor a fibrin stain. Invading these foci 
are densely packed cells of the type to be described 
shortly, similar in type to that seen in Figure 3. 

2. Vessel change. There is a very definite 
vascularization of the whole nodule with a marked 
increase in the number of arterioles, venules, and 
capillaries present. The endothelium of most 
of the vessels has the same characteristics as those 
seen in the vessel linings of younger specimens, 
but they exhibit in addition marked vacuolization 
of the endothelial lining cells. In many instances 


there is proliferation and thickening of the sub- 
intimal tissue with the deposition of an amorphous 
intercellular material which takes a diffuse blue 
color with Mallory’s aniline blue stain (Figures 
6 and 8). The elastica is not infrequently inter- 
rupted and fibrillar. Definite injury to the media 
is evidenced by swelling of muscularis cells and 
hyalinization with replacement of fibrous tissue 
in some instances. These changes result in 
marked narrowing of the lumen particularly of 
the arterioles. No actual thromboses or canaliza- 
tion of vessels have been seen. Lymphocytes are 
not uncommonly seen infiltrating the vessel walls, 
but polymorphonuclear leukocytes are rare. 

3. Cellular reaction. About most of the vessels 
there is only a slight proliferation on the part of 
undifferentiated perivascular cells, similar to that 
seen in the younger nodules (Figures 6, 8, or 9). 
In general the perivascular cells are more distinct, 
the cytoplasm is clearly outlined, the nuclei are 
more deeply staining and reticular, and do not 
appear as actively proliferating as in younger nod- 
ules. About this irregular area of perivascular 
cells there is a gradation into closely radially ar- 
ranged more mature cells having definite, sharply 
outlined basophilic staining, dusty, non-granular 
cytoplasm. The nuclei are dark, irregularly 
staining or reticular, and either single or multiple. 
Long, branching, intertwining cytoplasmic proc- 
esses may be seen in sections stained with Mal- 
lory’s phosphotungstic add hematoxylin. There 
is definitely an increase in normal young fibrous 
tissue about the blood vessels and numerous nor- 
mal looking collagen fibrils may be seen between 
the cells just described. As the areas of necrosis 
are approached, the collagen fibers become less 
numerous and less distinct, the cells tend to be 
more closely packed, and the processes of indi- 
vidual cells are made out with much greater dif- 
ficulty. The cytoplasm is more deeply basophilic 
staining, is less abundant, is more poorly outlined, 
and cytoplasmic processes are few or absent. 
Multinuclear cells are common though in no in- 
stance are they numerous. These basophilic cells 
are similar in character though much more numer- 
ous than in younger lesions. The infiltration by 
polymorphonuclear leukocytes is minimal, phag- 
ocytic cells are few, and the lymphoc 3 'tic reaction 
only moderate. The general appearance is that 
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of a progressive organization of the larger areas 
of collagen change seen in many of the younger 
nodules. 

Suhcutaneotis nodules present more than 3 
months 

The characteristics of the nodules in this age 
■group indicate a further organization of the previ- 
ously described lesions. 

L Collagen change. There is a continuation 
of fibrous tissue organization with large areas of 
normal looking dense collagen for considerable 
distances from vessels (Figures 10 and 15). 
There are in some instances plaques of dense 
amorphous eosinophilic or basophilic material, the 
borders invaded by intensely basophilic cells and 
situated in large surrounding areas of normal 
looking young fibrous tissue (Figure 10). More 
common are small foci of amorphous or beaded, 
irregular, anastomosing, deeply blue staining 
strands located at a considerable distance from 
blood vessels (Figure 15). These represent the 
remnants of incompletely organized areas of in- 
jury noted in the younger nodules. 

2. Vessel change. The vascularity of the le- 
sion is still apparent but the number of capillaries 
is very definitely decreased in comparison with 
younger nodules. In these nodules the thickened 
basophilic endothelium, the narrowed lumen, the 
thickened intima, and fibrosed media persist in 
the medium sized vessels as do the endothelial 
changes in the precapillaries and capillaries. 
There is little or no cellular infiltration of the 
vessel walls although there is usually a slight 
lymphocytic reaction about the vessels. 

3. Cellular reaction. In most sections there is 
practically no proliferation or extension of peri- 
vascular cells into the surrounding tissue. There 
is a large amount of proliferation of fibrous tissue 
which near the vessels is not very cellular, but 
nearer the remaining necrotic areas is more cel- 
lular. Immediately about the foci, the structure 
is like that at the periphery of the foci in the 
younger nodules with numerous closely packed 
basophilic cells with numerous intercellular fibrils. 
The cells in and around the necrotic areas are 
of the same type as those seen about the necrotic 
foci in nodules of the second group, although they 
are in general more intensely basophilic with both 


the nucleus and cytoplastn taking a deep hema- 
toxylin stain. Cytoplasmic processes are few and 
blunt, but normal intercellular collagen fibrils may 
be made out. Surrounding these peri-focal cells 
are numerous more normal looking, branching, 
active fibroblasts with large amounts of fibrillar 
intercellular collagen. The cells in the more ma- 
ture connective tissue are not numerous .and are 
elongated, normal, non-proliferative, inactive fi- 
broblasts. There is a gradual gradation in char- 
acteristics from normal looking fibroblasts to the 
typical basophilic mononuclear and multinuclear 
cell which is so characteristic of the nodule and 
raises the question of their origin and function. 

It should be noted that there were two nodules 
on which could be made no specific tissue diag- 
nosis from their histological structure. They ap- 
peared to be more of a foreign body organization 
of nonspecific character. 

Tile foregoing descriptions have been presented 
in an attempt to define the structure of the sub- 
cutaneous nodule and to gain some insight into 
the evolution and regression of these structures in 
subjects with rheumatic fever. That there is a 
considerable variation of structure is evident, but 
it seems likely that these variations may be ex- 
plained on the basis of different stages in their 
evolution, and probably also on differences of ana- 
tomical location, i.e., whether they evolved in 
dense or loose connective tissue. 

The structure of induced subcutaneous nodules nt 

Cy subjects with rheumatic fever 

In the previous report (1) it has been demon- 
strated that the injection of blood into the deep 
subcutaneous tissues of subjects with rheumatic 
fever in certain stages of the disease is followed 
by a definite nodular reaction after about one to 
two weeks. It has further been stated that these 
nodules are grossly indistinguishable from the 
spontaneously occurring nodules so frequently 
seen in this disease. A comparison of the his- 
tological structure of these lesions with those of 
spontaneously occurring rheumatic fever nodules 
will be presented. 

Of 37 nodules which were observed to appear 
following the procedures described in the preced- 
ing report, 19 were biopsies. They were removed 
carefully after regional anesthesia and were fixed, 
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sectioned, and stained in tlie same manner as 
were tlic spontaneous!}’ occurring nodules. 

The nodules were removed after the following 
intervals from the time of their clinical detection : 


1. Present less tlian 1 inonlli 15 

2. Present 1 to 3 months 4 

3. Present more tliati 3 months 0 


Induced nodules prcscnl less than I month 

About half of the nodules in this group were 
removed after being present about 2 weeks ; the 
other half after nearly 4 weeks. The latter in 
most instances presented the more characteristic 
histological structure. There is a considerable 
variation of structure in this group of nodules, 
but there is the same general tissue reaction noted 
in spontaneous nodules. As is the case with most 
young spontaneous nodules, edema is usually 
quite marked, separating the more common wide 
bands of necrotic connective tissue (Figures 13, 
14, and 19). The fluid filled spaces have more 
amorphous precipitated material than do most 
spontaneous nodules, and there may be remaining 
old red blood cells in the same areas. 

1 . Collagen change. The alteration of struc- 
ture and the staining reaction of the collagen in 
these induced lesions is similar to that seen in 
spontaneously occurring nodules of similar age. 
The area of the altered collagen is usually large 
and even macroscopic in size. The necrotic col- 
lagen usually forms wide bands of intensely eosin- 
ophilic homogeneous or fibrillar material, sep- 
arated by fluid spaces containing considerable pre- 
cipitated amorphous protein (Figure 19). In 
some instances there is found at a short distance 
from blood vessels an intensely eosinophilic stain- 
ing irregular lattice work structure, identical to 
that seen in some spontaneous lesions (Figures 
13 and 14). The altered collagen does not stain 
by Mallory’s aniline blue and may or may not 
take a fibrin stain. The condition of the collagen 
fibrils and the interfibrillar spaces are indistin- 
guishable from the changes seen in spontaneous 
nodules except for the presence of more amor- 
phous precipitate. 

Centrally in these large areas of collagen necro- 
sis there is usually a fair amount of the above 
mentioned precipitate and sometimes old red 
blood cells and fibrin deposition. In these same 


ccnti’al areas there are few if any remaining blood 
vessels and little if any cellular infiltration ; these 
latter are limited usually to the periphery of the 
lesion (Figure 19). 

2. Vessel eliange. Invading the periphery of 
and in some cases traversing the lesion may be 
seen numerous proliferating, invading blood ves- 
sels and many dilated capillaries. There is the 
same markedly thickened basophilic endothelium 
seen in spontaneous nodules, and many of the 
vessels exhibit marked vacuolization of the intima 
with subintimal and medial swelling resulting in 
a definite decrease in the lumina of the vessels 
(Figures 16 and 20). There is in most instances 
a very definite polymorphonuclear leukocytic and 
lymphocytic infiltration of all of the layers of the 
vessel walls as well as of the perivascular tissues, 
appearing occasionally almost as a periarteritis. 
The vascular damage in these induced nodules is 
similar to, if not identical with that seen in spon- 
taneous nodules, but in general is less severe. 

3. Cellular reaction. Immediately surrounding 
the vessels in many nodules there is a definite pro- 
liferation of pale staining mononuclear cells which 
have very vague or indistinguishable cytoplasm, 
by any method of staining used. The nuclei are 
very large, oval, and pale staining with a widely 
dispersed chromatin network. A large purplish 
eccentrically placed nucleolus may be demon- 
strated by the polychrome stain. This perivas- 
cular proliferation in many instances forms a defi- 
nite mantle about the vessels and is identical with 
the reaction seen about blood vessels in some 
young spontaneous nodules (Figures 20, 21 and 
24). These seem to be undifferentiated perivas- 
cular mesenchymal cells. There is an associated 
moderate, perivascular, polymorphonuclear leuko- 
cytic and lymphocytic infiltration with a variable 
number of phagocytic cells. In the more typical 
nodules about this perivascular reaction there is 
a more extensive cellular response consisting of 
basophilic staining, elongated cells which, have a 
large irregularly staining almost reticular nucleus. 
The cytoplasm is usuall}’ scanty, has an indefinite 
outline, is commonly basophilic and may or may 
not have cytoplasmic processes demonstrable In- 
Mallory’s phosphotungstic acid stain. Their long 
axes are in the direction of and in some instances 
encroaching on the border of the necrotic col- 
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lagen. Ihesc cells are indistinguishable from 
those seen in spontaneously occurring nodules. 
Occasionall}^ niultinuclear cells of similar char- 
acter may be seen (Figures 16, 20. 21, and 24). 
In the more atypical nodules there arc fewer of 
these cells and more phagocytic wandering cells 
(Figure 17). Lymphocytes, polymorphonuclear 
leukocjdes, and phagocytes are more common in 
most of the induced nodules than in spontaneous 
nodules, and occasional foreign body giant cells 
are seen. In 4 instances the tissue reaction seems 
to be a nonspecific type of reaction to a foreign 
material except for the collagen change, the 
edema, and the vessel alteration. In this respect 
it is to be recalled that in two spontaneously oc- 
curring nodules it was impossible to make a spe- 
cific tissue diagnosis histologically. 

Induced nodules present 1 to 3 months 

All of the induced nodules in this group were 
removed after an interval of 2 to 3 months bad 
elapsed since their clinical detection. Since they 
were in every detail indistinguishable from spon- 
taneously occurring nodules of a simliar age it is 
unnecessary to describe them separately (Figures 
18, 22, and 23). 

One induced nodule appeared in the control 
group. No definite diagnosis of rheumatic fever 
could be made in this patient, although the evi- 
dence against it was not absolutely convincing. 
Histologically, this nodule apiieared to be simply 
an old organizing fibrosis of nonspecific character. 

DISCUSSION AND CONCLUSIONS 

From the review of the literature and from the 
descriptions given above it is evident that con- 
siderable variations of structure may be seen in 
the subcutaneous nodules of rheumatic fever. 
This tissue alteration may vary from a very char- 
acteristic structure to a microscopic picture re- 
sembling simply foreign body or necrotic tissue 
organization with few typical changes to permit 
a specific tissue diagnosis. An attempt has been 
made to explain these variations of microscopic 
structure from a consideration of the clinical age 
of the nodules studied and the density of the 
tissue in which the}'^ are located. This has been 


difficult and only roughly approximate since the 
nodule is made up of submiliary and microscopic 
areas in different stages of organization. There- 
fore, only the trend of the majority of lesions may 
he considered to represent the pathological struc- 
ture of the clinical nodule. 

In spite of the difficulties encountered in study- 
ing these structures, it is believed that the histo- 
logical ei^olution and regression of the subcutane- 
ous nodule has been approximated in the small 
series studied. There is apparently first an al- 
teration in the structure of collagen with the re- 
sulting edema formation and deposition of fibrin- 
like material. Concurrent with or shortly after 
this there is a vascular damage and a polymor- 
phonucleai' leu]coc 3 'tic and Ijunphocj^tic cell in- 
filtration with a proliferation on the part of primi- 
tive perivascular mesench 3 mial and other cells 
which invade the borders of the altered collagen 
foci. Subsequent to this there is a gradual or- 
ganization progressing from the perivascular 
areas toward the centers of the necrotic foci. 
During the course of this organization there re- 
sults a typical type of cellular reaction consisting 
of closely packed, radially arranged, basophilic 
staining mononuclear and multinuclear cells which 
have staining reactions somewhat similar to fibro- 
blasts and which are apparentl 3 '^ capable of depos- 
iting intercellular collagen. The outcome is a 
progressive organization to a normal fibrous tis- 
sue replacement of the lesion. From this it ap- 
pears that there is a definite progression of struc- 
ture throughout the evolution and regression of 
the lesion. 

Histologically, the structure of the artificially 
induced nodules is found to be very similar to, if 
not identical with that of spontaneously occurring 
nodules. There are, however, certain types of 
alteration in the histopathology of induced nod- 
ules which are inherent in the method of traumati- 
zation used and which distort the minute struc- 
ture whether or not the tissue reaction is similar 
to that of the spontaneously occurring nodule. 
In the method used, there resulted a considerable 
damage and distortion of the subcutaneous con- 
nective tissue structure with resulting interference 
with tissue nutrition. Consequently, in the in- 
duced nodules there are the following three points 
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in coinninn and different from most of the spon- 
taneously occurring nodules. First, the areas of 
collagen alteration are much larger and the 
strands of collagen arc considcrahl}' wider than 
is the case with most spontaneous nodules. Sec- 
ond, an appreciable amount of blood is intro- 
duced intcrccllularl}' which results in a larger 
phagocytic cell response than is the case in most 
of the young spontaneous nodules ; this is mo.st 
apparent in the younger nodule. Third, there is 
a considerable amount of intercellular and inter- 
fibrillar amorphous precipitate in these lesions 
apparently the result of introducing large amounts 
of blood into the tissue spaces. These differences 
are present whether or not the vascular and cel- 
lular response is similar to that of the spontaneous 
nodules, and are significant only in the nodules 
in the j'ounger age group. Although these arti- 
factual characteristics usually allow for a differ- 
entiation between young induced and young spon- 
taneous nodules, the type of tissue response is in 
most instances similar and in some cases indistin- 
guishable. No difference of structure can be de- 
termined between induced and spontaneous nod- 
ules in the older age group. 

The results indicate that not only are the in- 
duced nodules clinically indistinguishable but 
pathologicall}' also there is a great similarity of 
structure between these and spontaneous!}' oc- 
curring nodules of similar age. 

To Doctors John W. Spellman and Grantley W. Tay- 
lor, of the House of the Good Samaritan Surgical Staff, 
we wish to express our appreciation for performing the 
biopsies. The authors are indebted to Doctors Granville 
F. Bennett and Shields Warren for helpful suggestions 
and criticism. 
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Li'Cif.nds to Figures 

Fig. 1. Spontaneous Suhcutaneous Nodule Re- 
MO\Ei) 7 Days after its Appearance. H & E. X I3S. 

Right upper portion of section consists of broad frag- 
mented bands of intenscl}^ cosinopliilic dense altered con- 
nective tissue separated by edema. E.\tending diagonally 
across the center of the section ma}' be made out a 
radially invading layer of thin, elongated, closely packed, 
poorly outlined basophilic cells. Infdtration by other 
types of cells is minimal. 

Fig. 2. Spontaneous Suhcutaneous Nodule Re- 
moved 3 Months after its Detection, Area of Acute 
Change within an Older Nodule. H & E. X 135. 

In the right lower portion may be made out several 
small vessels which are normal e.xcept for dilatation. 
The perivascular tissue is very edematous with a slight 
lymphocytic infiltration. In the upper left portion of the 
section arc wide homogeneous bands of deeply eosinophilic 
collagen in which the normal collagen structure is masked. 
There is no characteristic cellular reaction in this section. 

Fig. 3. Spontaneous Subcutaneous Nodule Re- 
moved 7 Days from its Clinical Appearance. FI & E. 
X 150. 

In the left lower portion arc a number of small dilated 
capillaries with definite perivascular fibrosis. The upper 
central portion is occupied by a focus of fragmented 
necrotic collagen with considerable edema. Lymphocytes 
and large basophilic mononuclear cells may be seen in- 
vading the periphery of the focus. The cellular nature 
of the surrounding fibrous tissue indicates the probable 
existence of an older subclinical nodule for some time. 

Fig. 4. Spontaneous Subcutaneous Nodule Re- 
moved 5 Days after its Appearance. H & E. X 135. 

This section demonstrates well the small vessel damage, 
the perivascular mononuclear cell proliferation, and the 
irregular lattice work structure which is seen in some 
nodules. The cellular reaction is typical but not marked 
for an early nodule of this type. 

Fig. 5. Spontaneous Subcutaneous Nodule Re- 
moved 7 Days after its Detection. H & E. X 150. 

To the right are seen several small vessels which have 
somewhat thickened endothelial lining cells. There is 
definite edema of the perivascular tissues with a mod- 
erate F^phocytic infiltration. The larger elongated 
deeply basophilic cells are discernible with their radial 
arrangement at the border of the necrotic edematous col- 
lagen at the extreme left. 

Fig. 6. Spontaneous Nodule Remo\"ed 3 Months 
AFTER its Clinical Detection. H & E. X 175. 

There is definite vascularization of the tissue in the left 
center with thickening of the walls of the small vessels 
and thickening of the endothelium. The young loose 
fibrous tissue in the whole area is apparent. The large 
mononuclear and multinuclear cells are numerous and the 
intercellular collagen is easilj' seen. This is a progression 
of the organizing process. 


Fig. 7. Spontaneous Subcutaneous Nodule S 
Months Old. FI & E. X 135. 

Upper portion of section consists of normal dense ir- 
regular connective tissue. The left lower portion is a 
vcr 3 ' cellular fibrous (issue having no distinguishing cel- 
lular characteristics. This is a late stage of fibrosis in a 
subcutaneous nodule. 

Fig. 8. Spontaneous Subcutaneous Nodule Re- 
moved 3 Months after its Appearance. H & E. 
X 275. 

This section is of an area of more acute damage in a 
nodule constituted mainly of tissue consistent with an 
older nodule. The vascular damage is the most obvious 
alteration with thickening of both the endothelial lining 
and the vessel walls with swelling, subintimal prolifera- 
tion, and polymorphonuclear leukocytic infiltration. The 
perivascular edema and cellular infiltration with poh'- 
morphonuclcars, lymphocytes, phagocytic cells, and ne- 
crotic collagen strands may be made out in the extreme 
upper portion. There is no characteristic cellular reac- 
tion. 

Fig. 9. Spo.ntaneous Subcutaneous Nodule 3 
Months Old. H & E. X 300. 

Moderately high power magnification to show the cel- 
lular detail. Fine long normal intercellular fibrils of 
collagen may be made out between the large rather 
closely packed basophilic staining cells. 

Fig. 10. Spontaneous Subcutaneous Nodule of 4 
Months Duration. FI & E. X 135. 

Lower portion of section is made up of dense irregular 
connective tissue; the mild reaction about the small ves- 
sels is to be noted. The middle portion is made up of 
rather cellular proliferating fibrous tissue with a few of 
the t 3 'pical basophilic cells invading the necrotic material. 

Fig. 11. Spontaneous Subcutaneous Nodule Re- 
moved 7 Days after its Clinical Appearance. H & E. 

X 25. 

Low power view to show the almost cystic character of 
the damaged areas of collagen. The upper center portion 
is a very edematous area of fragmented necrotic collagen. 
There are several small vessels traversing the lower half 
of the section with a perivascular cellular reaction. 

Fig. 12. Spontaneous Subcutaneous Nodule Re- 
moved 5 Days after its Appearance. H & E. X 23. 

Low power view to show the widespread edema of 
the tissue with the numerous irregular strands of in- 
tensely eosinophilic altered collagen. 

Fig. 13. Induced Subcutaneous Nodule Re.aioved 10 
Days after its Appearance. H & E. X 45. 

Low power view to show the widespread edema of the 
tissue with the characteristic lattice type of condensed 
eosinophilic staining necrotic collagen strands so fre- 
quentF'- seen. 
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Low power view to demonstrate tlie deeply staining 
irrc.eular fragmented collagen strands in the center. 
Edema is not so marked as in youn.ger specimens. 

Fig. 15. Sro\TA\Koi’s SpncUTANKOu.s Xodci-e of 4 
Mon'tii.s’ Dur.\tion. H & E. X 135. 

Another area of nodule as shown in Figure 10. The 
abundant cellular fdirous tissue with a slight lymphoc\’tic 
reaction is the only residuum of the organizing nodule. 

Fig. 10. Biopsv of In'dl’ced Slticl'ta.vf.ou.s Xoiicle 3 
Wf.f.ks from the Time of its Detection. H & E. 
X ISO. 

The general edema of the section is evident. Definite 
alteration of small vessel structure may he made out 
and the slight proliferation of pale staining perivascular 
cells may also be seen. The presence of large deeply 
staining cells may be seen as well as numerous lympho- 
cytes and phagocytes. 

Fig. 17. Indcced Slticctaneous Nooule Removed 4 
Weeks after its .Appearance. H & E. X 135. 

Necrotic fragmented collagen may be seen above. In 
the central portion of the section are lymphocytes, a few 
phagocytes, and a fair number of large basophilic cells 
similar to those seen in young spontaneous nodules. 

Fig. 18. Induced Subcutaneous Nodule Removed 8 
Weeks after its Appearance. H & E. X 125. 

The necrotic deeply staining, fragmented collagen may 
be made out to the right. The alteration of vessels is 
definite but not marked, but the cellular reaction in- 
vading the collagen is typical and indistinguishable from 
that seen in spontaneous nodules. 

Fig. 19. Induced Nodule Remo\xd 3 Weeks after 
its Detection. H & E. X 45. 

Low power field to show the widespread damage that 
may be present in some induced nodules. Red blood 
cells may be made out in the fluid-filled spaces. Rela- 
tively normal, dense connective tissue may be made out 
to the extreme left. 

Fig. 20. Biopsy of Induced Subcutaneous Nodule 
21/4 Weeks from Clinical Appearance. H & E. 
X275. 

The vascular change is evident with a definite lympho- 
cytic infiltration of the walls and thickened, sivollen 


endothelium and media. The surrounding edema with 
the “ lattice work ” collagen change above is apparent. 
Lym|)hocytes and phagocytes are definite and a few large 
reticular nucleated, basophilic staining mononuclear cells 
inaj- be made out. 

Fig. 21. I.nduced Subcutaneous Nodule Re.moitd 4 
Weeks after its .Appearance. H & E. X 250. 

This section demonstrates the characteristic .small ves- 
sel change with surrounding perivascular proliferation, 
edema, and lymphocytic and phagocytic cell infiltration. 
Large elongated deepE' basophilic staining cells, which 
cannot be differentiated from those seen in spontaneous 
nodules, are also present. In the left upper corner are 
irregular fragmented strands of collagen. 

Fig. 22. Biopsy of Induced Subcutaneous Nodule 
2t/4 AIonths from Time of Appearance. H & E. 
X 150. 

Section shows fibrosis about borders with centrally an 
area of cellular reaction, encroaching on a few strands 
of deeply basophilic staining necrotic collagen. The cells 
ini-olved and general structure cannot be distinguished 
from those seen in spontaneously occurring nodules of 
similar age. 

Fig. 23. Induced Subcutaneous Nodule Removed 4 
Weeks after its Detection. H & E. X 275. 

In the left upper corner is degenerated, eosinophilic, 
fragmented collagen. The greater portion of the section 
is made up of closely packed large basophilic staining 
cells with indistinct cytoplasmic processes. These cells 
are in character indistinguishable from those found in 
spontaneous nodules. There is as j^et little intercellular 
collagen present. 

Fig. 24. Induced Subcutaneous Nodule Removed 3 
Weeks after its Clinical Appearance. P. T. A. H. 
X 135. 

The widespread edema is evident. The small vessel 
change can be easily made out as can the collagen 
change in the upper and left field. The cytoplasmic 
processes of the large basophilic staining cells are well 
shown. These cells cannot be differentiated from those 
seen in spontaneous^ oceurring nodules. Lymphocytes 
and phagocj'tes are both present. The general structure 
is identical to that seen in younger spontaneous lesions. 
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DEVELOPMENT OE ANTI FIBRINOLYTIC PROPERTIES IN BLOOD 
OF PATIENTS WI'I'M RHEUMATIC FEVER, CHRONIC INFEC- 
TIVE ARTHRITIS AND BACTERIAL ENDOCARDITIS ^ 

By ERIK WAALER 

( I'roni the i'lii-irrsily Medical Clinic Id. of liiksliosfilalct, Osin, A^orzvay) 

(Received for inil)lic:ition September 8. 1936) 


The ability of tlie licmolytic strcitlococci of the 
beta type to dissolve human fibrin clot has been 
demonstrated by Tillett and Gamer (1). They 
have also found (2) that the blood of jjaticiits 
convalescent from acute hemolytic streptococcal 
infections was highly resistant to the fibrinolytic 
principle. This antifibrinolytic property of the 
blood lias been tested b}’ several authors in various 
infections due to hemol 3 -tic streptococci. Tillett 
(3) found that the antifibrinolytic factor was 
demonstrable in the blood of seventy-five per cent 
of patients who had recovered from acute strepto- 
coccal infections. In rheumatic fever the anti- 
fibrinolytic property seemed to follow the acute 
upper respiratory infection. Hadfield, Magee, 
and Perry (4) reported that the plasma clot was 
resistant during the active stage of the disease in 
rheumatic fever. The antifibrinolj'sin reaction 
has also been used by Myers, Keefer and Holmes 
(5), who found positive reactions in rheumatic 
fever, Iiut negative reactions in rheumatoid 
arthritis. 

In a previous paper (6) the author reported 
the results of antifibrinol 3 'sin tests in which Tiilet 
and Garner’s technic (1) was used. The results 
were graded according to the rapidity with which 
dissolution took place. Each plasma was tested 
against 5 strains of streptococci with varying 
fibrinolytic ability ; only one dilution of active cul- 
ture was used. With this technic we were able 
to demonstrate positive antifibrinolysin reactions 
in 5 cases of acute polyarthritis, while 5 others 
were negative in the active stage of the disease. 
In a few cases of rheumatoid arthritis we also 
found resistance to the fibrinolytic principle. We 
therefore decided to try another technic in order, 
if possible, to demonstrate weaker positive re- 
actions. 

MATERIALS AXD METHODS 

We have studied 7 cases of acute polyarthritis, 24 cases 
of chronic infective polyarthritis, and 5 cases of bacterial 

* This study was made possible by the aid of the Else 
and Marie Mustad Fund. 


endocarditis. Most of the patients have been under 
treatment at the Medical Department B, Rikshospitalet. 
Some tests were carried out with samples of blood sent 
from other departments and hospitals. In order to state 
the “ normal ” reaction we have performed tests on 39 
healthy adults, chosen among students, technicians and 
members of the hospital staff. In this group we selected 
those who were health}' at the time the test was made, 
and who gave no history of acute infection during the 
past three months. 

One strain of hemolytic streptococcus of the beta type 
has been employed in all the tests. The strain was de- 
rived from the throat of a patient suffering from rheu- 
matic fever. It was highly active, and its fibrinolytic 
activity did not seem to change during the 6 months 
required for the tests, Fresh 18-hour old cultures were 
always used. 

Numerous trials with varying amounts of the different 
agents have been made. At first we tested the ability 
of a serum, from individuals whose plasma was re- 
sistant, to render normal plasma clot insusceptible. Small 
amounts of fibrinolytic culture were used, and the method 
was in many respect similar to the antistreptolysin ti- 
tration of Todd (7). This method proved unsuitable, 
however, as the scrum from resistant individuals con- 
ferred only a small amount of antifibrinolytic property 
upon normal plasma clots. We have found it more con- 
venient to put up a series of dilutions of the active cul- 
ture and to test their lytic effect upon a constant amount 
of plasma. In this way we were able to determine the 
smallest dose of active culture capable of causing lysis 
of the plasma clot. Thus, a more accurate grading of 
the resistance is made possible, and it is an easy matter 
to follow variations in this resistance from time to time. 

We found that the peptone used in the broth, in some 
way affects the clot formation. Parke Davis peptone in 
particular made the coagulation of plasma incomplete, 
while Cogit peptone had a less disturbing effect. Fur- 
thermore, when Parke Davis peptone was used, the co- 
agulated plasma was rolled up into a compact mass, 
leaving the rest of the tube’s contents completely fluid. 
Owing to this retraction of the coagulum, it was often 
difficult to see the difference between the positive and 
negative reactions. After some trial experiments, we 
found that the tests were read more easily when Ringer's 
solution was used instead of normal saline. Solid co- 
agulation appeared rapidly, and even after 20 hours' in- 
cubation, the tubes could be inverted without affecting the 
solid clot which adhered to the bottom and the sides of 
the tube. In the tubes where dissolution occurred, all 
evidence of clotted plasma disappeared, and the contents 
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became completely fluid. In a few luhe.s conlainiiip; a 
small amount of active culture the lic|uefactiou iniRlit 
be somewhat incomplete, but in any case there was a 
great difference between these tubes and the tubes in 
which the contents were solid and resistant. Thus, there 
was a distinct difference between the positive and the 
negative reactions. With this procedure we were able 
to use Parke Davis peptone throughout the work. 

The technical procedures have iu all other rcs])ccts 
been those recommended by Tillctt and Garner (I). W’e 
have used oxalatcd plasma, clotted with calcium chloride. 
The amount of anticoagulant, potassium oxalate, was 
0.02 gram to 10 cc. blood. In the tests, 0.2 cc. plasma 
was used, and the reactions were always carried out 
within 3 hours after withdrawal of blood. Of a 0.25 
per cent solution of CaCb in 0.85 per cent .salt solution 
0.25 cc. was used as coagulant. 

Description of test. Amounts of an 18-hour culture 
ranging from 0.1 cc. to 0.0000125 cc. respectively, were 
mixed with 0.5 cc. of Ringer’s solution (sec Figure 1). 
To each tube was added 0.8 cc. Ringer’s solution, and 
then 0.2 cc. plasma. The coagulant, 0.25 cc. of the 
CaCl= solution, was then added and well mixed. The 
tubes were incubated at 37° C. 

A clot formed within a few minutes, and the liciucfac- 
tion of a susceptible plasma clot started after % to 1 
hour in the tubes containing the highest concentrations 
of active culture. All tests were read after 4 and after 
20 hours of incubation. The results after 20 hours of 


incubation proved to be the most reliable, and in this 
paper only the 20-hour results arc given. 

Normal cnuirols 

'J'hirty-ninc “ normal ” sttbjects were tested. 
'Flic rc.stilts arc .siiown in Figure 1, those from 
individttals yielding the .same type of reaction be- 
ing a.s.semhlcd in one column. In 16 of the nor- 
mal .stihjccts only the control tubes were left un- 
alTected by the lytic priuci]dc. In two of these, 
the content.s of all tttbe.s containing active culture 
were comidetely licittefied. In the remaining 14, 
complete dissolution did not occur in a certain 
number of tubes (varying from 2 to 5), which 
contained the smallest amount of culture. Eleven 
subjects showed no dissolution in the tube con- 
taining the smallest amount of active culture 
(0.0000125 cc.). In two of these subjects the 
plasma was completely liquefied in all other tubes, 
while the remaining 9 subjects gave incomplete 
liquefaction in a varying number of the tubes 
(from 2 to 4) containing the smaller amounts of 
active culture. Seven individuals were resistant 
to the closes 0.0000125 cc. and 0.000025 cc. The 


Di/ufion of 
brofh cuffure 

dumber of individuals who goue fhe Some fgpe ofreoefion. 

6rading of 

1 

/y 

2 

5 

2 

5 

3 

/ 

/ 

ihe reoefions. 

OJ C.C. 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 




O.OS 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

-f- 

+ 

+ 

+ 

■ 

0,025 “ " 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 




B 

0M5 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

■ 

■ 


■ 

0,OOC3 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

B 

m 

1 

1 

0,0032 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

■ 

■ 


1 

B 

aoo/6 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

m 


■ 

1 

1 

1 

■ 

O.DOOB ‘ '• 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

El 

i 

1 

1 

1 

■ 

O.ooof “ • 

□ 

□ 

□ 

□ 

□ 

El 

E 

E 

El 



1 

1 

1 

■ 

0,0002 ^ " 

□ 

E] 

□ 

El 

□ 

El 

ISl 

El 

■ 

-1- 


1 

1 

1 

B 

O.ooot 

□ 

El 

□ 

El 

□ 

E 

E 

■ 

a 

■ 

1 

1 

1 

1 

B 

0,00005 " " 

□ 

El 

□ 

El 

□ 

El 

■ 

■ 


■ 

1 

1 

1 

1 


0,000025 " • 

□ 

El 

□ 

IS 

□ 


■ 

■ 


1 

1 

1 

1 

1 


0,0000125 " * 

□ 

El 

■ 

D 

Q 


■ 

■ 


B 

1 

1 

1 

1 


0 

■ 

■ 

■ 

El 

n 


■ 

■ 

n 

■ 

■ 

I, 

■ : 

■ 

■ 


Each column rspresenfs o uaruing number oj- series oj dituHons- 
The varying numbers are indicand of ihe head oJ- each column. 

I ' Solid after 20 hrs. incubation. 

E] : Not completely liquefied after 20 hrs. incubation. 

Q • Completely liquefied after 20 hrs. incubation. 

Fig. b Resistance to Fibrinolytic Activity in Normal Indiwduals. 































ANTISTRKI’TOLVSIN IN RHEUMATIC DISEASE 


147 


plasma clots from tlie majority of the cases (34) 
were thus very suscejitihle ; those from 5 were 
somewhat more resistant. Four of the latter 
patients could not he said to have had anj’ strep- 
tococcal infectious. The clot from the fifth sub- 
ject, whose reaction is ttiven last in the chart, was 
completely resistant u]i to the dose 0.0002 cc. 1 !e 
was more thoroutthly e.xamined, and admitted that 
his tonsils had been removed one and a half 
months jirevinusly. on account of reiieatcd at- 
tacks of sore throat. 'I'liis was probably the rea- 
son for the high resistance of his clot. 

The reactions are graded as follows (Figure 
1). In the patients whose plasma clot was re- 
sistant to all dilutions of active streptococcal cul- 
ture broth up to the dose 0.025 cc. or higher, the 
designation is -j — | — | — [-• Resistance only up to 
0.0125 cc., 0.0063 cc., or 0.0032 cc. is termed 
H — I — h ; up to 0.0016 cc. or 0.0008 cc. -| — f- > und 
resistance only up to 0.0004 cc. or 0.0002 cc. is 
designated -f-. The reaction is regarded as nega- 
tive or normal when the clot remains intact only 
in the presence of 0.0001 cc. or less of the broth 
culture of streptococcus used. The end point 
was read from the tubes in which the contents 
were completely solid after 20 hours of incuba- 
tion, and not from those in which incomplete 


liquefaction took place. There was thus only one 
of the 39 normal subjects who gave a weak posi- 
tive antifibrinolysin reaction. The value of this 
rough grading is naturally restricted ; for this 
reason we have, to a great extent, reproduced 
charts demonstrating the reactions obtained with 
plasma from the various patients. 

Acute polyarthritis 

Plasma clots from 7 patients with acute poly- 
arthritis were examined. All of the patients had 
had sore throat or more definite angina 1 to 2 
weeks before the joint symptoms appeared. The 
antifibrinolysin reactions of the plasma from these 
patients are given in Figures 2, 3 and 4. 

Patient Number 1, E. J. (Figure 2), 31-year old 
woman, went through a severe attack. Several joints 
were affected, but no carditis developed. On the 13th 
and 29th day after the onset of the first joint symptoms, 
her plasma clot was completely resistant. Following 
improvement, her plasma became more susceptible. She 
was discharged without any symptoms, and with a com- 
pletely normal fibrinolysin reaction. 

Patient Number 2, P. R. (Figure 2), 18-year old boy, 
had a severe attack. Several joints were swollen and 
tender. He had a mild carditis, with prolonged con- 
duction time and deviation of the ST line which dis- 
appeared during the course of the disease. Thirty and 
44 days after the onset of the joint symptoms the anti- 
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fibrinolysin reaction was completely positive. After 73 
days his plasma clot was susceptible, and he was dis- 
charged without any symptoms. 

Patient Number 3, A. K. (Figure 3), 12-year old 
girl, had a very severe attack with migrating polyarthri- 
tis, and severe continuous carditis. She died after half 
a year’s illness. The plasma clot from this patient was 
completely resistant during the time she was under the 
author’s observation. The last test was performed 14 
days before death. 

Patient Number 4, H. S. (Figure 3), 36-year old man, 
had a history of rheumatic disease at the age of 9, with 
three recrudescences. The present was his fifth attack, 
and of average severity with a mild carditis; he had 
prolonged conduction time which became normal during 
the course of the disease. On the 25th day of disease 
his plasma clot was resistant though not completely so. 
The reaction was weaker on the 47th day. The plasma 
was, however, more resistant after 61 days. This was 
probably due to a mild recrudescence following the ex- 
traction of several infected teeth. After this, the reac- 
tion became weaker, and on the 105th day the clot was 
normally susceptible. Tonsillectomy was earned out and 
three days afterwards (on the 109th day) there was a 
Vwht rise in resistance of the plasma clot to fibrinolysis. 
cLespondingly he had a mild recrudescence of his dis- 
ease of short duration. 

Patient Ninnber 5, G. H. (Figure 3), 25-year old man, 
experienced a typical attack of rheumatic fever at the 
„e of 12 and developed heart failure. He was^ ad 
mitted vvith a history of insidious onset of the joint 
TySoms, and signs of severe continuous myocarditis 


and endocarditis. He stayed in the hospital from the 
9th to the 57th day of disease, and during this time the 
antifibrinolj'sin reaction was completely positive. After 
5 months (169th day) his plasma clot was less resistant. 
During the time he had stayed at home his improvement 
had been steady' and marked. 

Patient Number 6, A. T. (Figure 4), 34-year old 
woman, was admitted with a severe acute polyarthritis, 
the course of which proved to be insidious. No car- 
ditis was found. On the 4th and 8th day' of the disease 
her plasma clot was somewhat more resistant than in 
normal subjects. However, the reaction was distinctly 
positive. The infection of the throat appeared 12 days 
before the first test was performed. 

Patient Number 7, A. R. (Figure 4), 25-year old man, 
had a very mild and vague rheumatic attack of short 
duration without carditis. During the course of disease 
the antifibrinoly'sin reaction was completely' normal. In 
this patient the first reaction was carried out 20 days 
after the manifestation of the angina. 

In patients Numbers 1, 2, 4, and 5 the reac- 
tions were completely or almost completely posi- 
tive about 4 weeks after the onset of the first joint 
symptoms. At this time the plasma clot of pa- 
tient Number 6 had acquired normal susceptibility, 
whereas the reaction at an earlier stage of the 
disease was weakly positive. After 4 weeks, the 
polyarthritis in patient Number 6 was distinctly 
active. Her condition was, however, better, and 
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correspondingly llic wcaUdy positive reaction dis- 
appeared. 

In summary, it a])]5cars that c.xtremely high 
resistance of plasma clots is associated with in- 
tense rheumatic activit 3 ^ Thus, the clots from 
the two patients, Numliers 3 and 5, with the most 
severe disease, were most resistant to tibrinolysis. 
When the rheumatic manifestations disappeared, 
the antifibrinolysin reaction of the plasma re- 
turned to a normal level. 


Throat cultures were studied from patients 
Numbers 1, 3, 4, 5, 6, and 7. In patient Number 
1. no hemolytic strain was found. In patients 
I^uinbers 3, 4, and 5, on the other hand, hemo- 
lytic strains of streptococci were recovered from 
the throats, and these strains were actively fibrin- 
olytic. In the last two patients. Numbers 6 and 7, 
110 fibrinolytic strains were found, in spite of the 
lact that the tonsils were swabbed and cultured 
on blood agar plates six times and that a culture 
"as made from the interior of the tonsils after 
their removal. From patient Number 6 we re- 


covered no hemolytic strains, and the hemolytic 
strains recovered from patient Number 7 pos- 
sessed no fibrinolytic activity. It is possible that 
these observations may be helpful in explaining 
le variations in reactions. It may thus be as- 


sumed that the patients who harbor in their 
throats the strains with the most extreme fibrin- 
olytic activity will give the most definite immune 
response and the most active disease picture. 
Our data are not sufficiently extensive, however, 
to justify an opinion on this point. 

Chronic infective arthritis 

Twcnly-four cases were studied. Five of the 
jiaticnts were children, probably belonging to the 
group of Still’s disease. The other 19 were ad- 
ults, and according to the clinical picture, they 
must be characterized as rheumatoid (atrophic) 
arthritis. Several of the patients had suffered 
from their disease for one year or longer, and all 
of them had active symptoms at the time the tests 
were performed. Roentgen examinations of the 
affected joints showed calcareous atrophy to a 
varying degree. In the more advanced cases, 
slight deformation of the joint surfaces had de- 
veloped with formation of osteophytes. Seven of 
the patients were examined several times during 
the course of the disease (Figures 5 and 6). 

Patient Number 8, H. A. (Figure 5), 31-year old man, 
for one year had had rheumatoid arthritis. Several 
joints were affected; no carditis was noted. He was 
febrile with a sedimentation rate of the red blood cor- 
puscles of about 120 mm. after 1 hour. On March 1st 
and April 4th the antifibrinolysin reaction was positive, 
whereas the clot was normally susceptible on May 28th. 
During this time he had been treated with streptococcal 
vaccine, with no change in symptoms. 

Patient Number 9, G. N. (Figure 5), 4S-year old 
woman, was admitted with a story of polj'arthritis of 
varying intensity for 6 months. Mainly the hips were 
affected. On arrival she was febrile, sedimentation rate 
35 mm., no carditis. The first test on the plasma of 
this patient was positive. At the time of the last test 
the disease was less active, and her clot had normal 
susceptibility. 

Patient Number 10, E. R. (Figure 5), 51-ycar old man, 
during IS years was known to have had several attacks 
of fever and migrating polyarthritis. In the hospital he 
was subfebrile with a sedimentation rate of about 50 mm. 
He had severe carditis (heart block). The two tests 
carried out with the blood from this patient gave posi- 
tive reactions. The disease was apparently less active at 
the time of the last test, and, correspondingly, the plasma 
clot was more susceptible. 

Patient Number 11, K. M. (Figure 5), 33-year old 
woman, for two years had had joint symptoms of %ar\- 
ing intensity. She was subfebrile. had no carditis, and 
the sedimentation rate on admission was 110 inm. t 
became normal during the time she stayed m the h<>s- 
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pita], and tlie joint symptoms nearly disappeared. Tlie 
antifibrinolysin reaction was positive at tlie time of the 
most active symptoms, and the susceptibility of her 
plasma clot became normal following improvement. 

Patient Number 12, A. K. (Figure 5), 50-year old 
woman, for sei^eral 3'ears had had rheumatic manifesta- 
tions. On arrival, she was febrile, and her sedimenta- 
tion rate was 45 mm. The electrocardiogram showed 
prolonged conduction time. At the time of the first 
test the reaction was positive, whereas her plasma clot 
showed a normal susceptibility two months afterward, 
when the symptoms of disease were less active. 

Patient Number 13, B. S. (Figure 6), 26-year old 
woman, was admitted with a history of polyarthritis for 
one year. On arrival, she was febrile, with a sedimen- 
tation rate of 88 mm. She had several infected teeth 
and severe carditis (heart block). The three tests which 
were carried out on this patient showed normal suscepti- 
bility, in spite of the fact that the joint sj'inptoms seemed 
to be active, especially at the time of the first test (Janu- 
ary 6th). 

Patient Number 14, O. K. (Figure 6), 26-year old 
woman, during two years had had symptoms of chronic 
arthritis of varying intensity. She was admitted with 
an involvement of several joints; afebrile; sedimentation 
rate 43 mm.; no carditis. Three tests were carried out, 
but the plasma clot was always susceptible. 

In the other cases of pol 3 ^arthritis, tests were 
performed only once during the course of the dis- 
ease. The reactions given by the clots of some 


of these patients are shown in Figure 6. Among 
these cases were patients witli positive and pa- 
tients with negative reactions. Cases Numbers 
15 and 16 had very serious and intense manifesta- 
tions. and tlie reactions were positive, whereas the 
disease picture had a milder and more indistinct 
character in the two others in wliich the reactions 
were negative (Numbers 17 and IS). 

In some of our patients there was a distinct 
relationship between the antifibrinolysin reaction 
and the clinical symptoms ; and the disappearance 
of resistance to fibrinol 3 dic activity coincided with 
the improvement. These parallel changes in the 
reactions and the activit 3 '^ of the rheumatic mani- 
festations occurred in patients Numbers 9, 10. 11. 
and 12. In patient Number 8, on the other hand, 
the resistance disappeared without improvement 
in the clinical s 3 miptoms. The reaction can, how- 
ever, be complete] 3 '^ negative during a period of 
several months in rheumatoid arthritis. This is 
exemplified in the two jiatients. Numbers 13 and 
14, in which the activity of the disease manifesta- 
tions ma 3 % of course, have been more marked at 
an earlier date. 

The results obtained from plasma of patients 
with chronic arthritis are summarized in Table I. 
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TABLE I 

Anlifibrinolysin reaciions in chronic infective arthritis 


Type of reaction 



+ + + + 

+ + -1- 

-H- 

-t- 

0 

19 adults 

0 

2 

4 

4 

9 

5 children 

0 

0 

0 

0 

5 


Five of the patients were children, 3 to 15 years 
old, and the disease picture in them was in most 
respects similar to that now known as Still’s dis- 
ease. They had had fever, and had had polyar- 
thritis for several months or years. They had ac- 
tive symptoms at the time the blood was collected, 
but apparently some of them were improving. 
The plasma clot of these 5 children was siLScepti- 
ble, so that the reactions must be characterized 
as negative. 

Of the 19 adults, 9 had negative and 10 positii^e 
reactions. Most of the reactions were weak. 
Among the 9 patients who gave negative reac- 
tions, only 2 (Numbers 13 and 14) were tested 
several times, and some of the patients who gave 
a positive reaction had a normal susceptibility 
later on in the disease. There is. therefore, rea- 
son to believe that some of the 9 patients with 


the negative reactions would have shown a rise 
in resistance if we had been able to examine them 
at an earlier and probably more active stage of 
the disease. 


Bacterial endocarditis 

In this group specimens of plasma from 5 pa- 
tients were tested. The disease picture corre- 
sponded in all cases to what now is known as 
“ subacute bacterial endocarditis,” or “ endo- 
carditis lenta.” Among these, three had positive 
reactions, while the others showed normal resist- 
ance. A hemolytic fecal streptococcus was iso- 
lated from the blood of the first patient, E. H. 
(Figure 7). This strain did not, however, pos- 
sess any fibrinolytic activity. In the 4 other pa- 
tients, the disease was caused b}" a “ Streptococcus 
viridaus.” Only two of the patients, namely 
F. kl. and N., were known to have had rheu- 
matic fever. It is at all events certain, that the 
two patients, E. H. and IM. T., with the highest 
resistance, had no history of previous rheumatic 
attacks which could account for the positive reac- 
tions. It must, therefore, be assumed that the 
streptococcus found in the blood cultures had 
caused the rise in antifibrinolytic jiroiicrty of the 
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Fig. 7. Risistance to Fieri xoeytic Activity in 
Bacterial Endocarditis. 

plasma clot. In the patient E. H, the fecal strep- 
tococcus, which in itself lacked fibrinolytic ability, 
had probably given rise to a distinct antifibrin- 
olytic reaction. The same immune response also 
occurred in the patient 1\I. T., in whom green 
streptococcus was the etiologic agent. This is of 
particular interest, because Tillett and Garner (1) 
have found that the strains belonging to the group 
of nonhemolytic streptococci never possess fibrin- 
olytic ability. 

DISCUSSION 

The condition in the two last mentioned cases 
in the group of bacterial endocarditis seems to 
indicate that a rise in the resistance of blood to 
the fibrinolytic principle is not exclusively caused 
by the hemolytic and fibrinolytic streptococci of 
the beta type. We have previously shown (6) 
that other groups of organisms can induce a sim- 
ilar elevation of the resistance; for example, the 
plasma clots from patients suffering from pneu- 
monia due to pneumococci were insusceptible. 
The antifibrinolysin reaction is therefore not spe- 
cific. As a rule, however, the highest resistance 
seems to develop in patients suffering from hemo- 
I)ffic streptococcal infections. In i-heumatic fever 
we have found that the most marked elevation of 
resistance to fibrinolytic activity occurs in the se- 


vere cases, and that there is a close relationship 
between the activity of the rheumatic process and 
the antifibrinolysin reaction, d hese investiga- 
tions thus supjiort the theories of Coburn, inas- 
much as Coburn and Pauli (S) have maintained 
that infection with to.xin-producing strains of 
hemolytic streptococci in some way initiates the 
peculiar rheumatic process in susceptible subjects, 
d he activity of the rheumatic process seems to 
depend upon the immune response of the rheu- 
matic patients. Ihe special mode, or mechanism 
of action of the streptococci is, however, not clear. 
Therefore, the question arises as to the role of the 
properties of the infecting organisms. Is it pos- 
sible that the strains of streptococci having a low 
fibrinolytic abilit}'’, or none, are only to be found 
in cases with mild and vague manifestations? 
Patient Number 8 supports this probability, but 
further invetsigntions are necessary. 

Jt is very difficult to evaluate the results ob- 
tained in the cases of chronic infective arthritis. 
The degree of reaction has in 4 of the patients 
(Numbers 9, 10, 11, and 12) varied according to 
the intensity of the symptoms, and the plasma 
clots of 50 per cent of our patients suffering from 
rheumatoid arthritis showed increased resistance. 
The number of “ positive ” reactions exceeds that 
which Blair and Hallman (9) obtained when test- 
ing the streptolysin titer of similar patients. IVe 
consider it doubtful whether our results justify 
the conclusion that hemolytic streptococci are re- 
sponsible for the immune response demonstrated, 
or that there is a significant association betiveen 
these organisms and chronic infectious arthritis. 
This is a possibility, but our demonstration of a 
similar immune resjionse in bacterial endocarditis 
indicates that other microbes in addition to hemo- 
lytic streptococci can cause a rise in antifibrin- 
olytic properties of plasma clots. 

At this point in our investigations we can only 
state that some of the patients suffering from 
rheumatoid arthritis give positive antifibrinolysin 
reactions in the active state of the disease, while 
others do not. To what extent the number of 
patients with a negative reaction can be reduced 
by examinations carried out at an earlier, stage 
of the disease remains to be seen. It would prob- 
ably prove helpful in evaluating the etiologic role 
of different organisms to examine at the same 
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time for the presence of agglutinins and pre- 
cipitins for various streptococci and to perform 
antistreptol3'sin and antifibrinolysin tests. Great 
care should be taken to carry out the tests at an 
early stage of the disease, and to follow the reac- 
tions for a considerable period of time. 

CONCLUSIONS 

1. The majority of patients with rheumatic 
fever revealed a rise in resistance of their plasma 
to the fibrinolytic principle of the hemolytic strep- 
tococcus. 

2. The strength of the reaction seemed to vary 
according to the severity of the symptoms of the 
disease. 

3. The susceptibility of the plasma clot re- 
turned to normal when the patients improved. 

4. The plasma clots of 50 per cent of the pa- 
tients suffering from chronic infective arthritis 
showed slight elevation of resistance to fibrinoly- 
sis. Clots from five children with Still’s disease 
gave negative reactions. 

5. In patients suffering from chronic infective 
arthritis the antifibrinolysin reaction may change 
with the activity of the disease. 

6. The plasma clot of patients with bacterial 
endocarditis caused by fecal streptococci and 
green streptococci may be resistant to the fibrin- 
olytic principle of hemolytic streptococci of the 
beta type. 

7. The antifibrinolysin reaction is, therefore, 
not specific, and does not decisively prove that 
an infection with hemolytic streptococci of the 
beta type has been experienced. 

The author is indebted to the doctors at the Depart- 
ment of Pediatrics, Rikshospitalet, Medical Department 
A, Rikshospitalet, Medical Department VIII and IX, 


Ullevaal Hospital, and Medical Department of Akers 
Hospital for the supply of samples of blood from sev- 
eral patients. 
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It is a matter of common experience that initial 
attacks or recrudescences of acute rheumatic fever 
frequently follow a hemolytic streptococcal infec- 
tion of the throat such as acute follicular tonsillitis 
or scarlet fever. In the experience of Coburn and 
Pauli (1), recrudescences are determined by: (1) 
infections with a highly effective agent; (2) the 
disease pattern, peculiar to each rheumatic sub- 
ject; (3) the intensity of the immune response 
of the patient as indicated by a rise in the anti- 
streptolysin titer of the blood. 

During our studies of erysipelas (2, 3), we did 
not observe a single case of rheumatic fever fol- 
lowing the infection, and the records of 1400 
cases of erysipelas that were reviewed did not 
reveal any cases. Other studies fail to mention 
erysipelas as a preceding infection in rheumatic 
fever, whereas it is common knowledge that 
hemolytic streptococcal infections of the throat 
frequently precede attacks. Why this should be 
the case is not clear; but inasmuch as Coburn 
and Pauli have emphasized the importance of 
certain characteristics of the effective organisms 
in the determination of recrudescences of rheu- 
matic fever, we have studied the hemolytic strep- 
tococci from cases of erysipelas to see whether 
or not they differed in any respect from those 
isolated from rheumatic subjects. 

METHODS OF STUDY 

In the cases of facial erysipelas, the organisms 
were isolated either from the lesion or the nose. 
A small amount of sterile salt solution was in- 
jected into the edge of the lesion and, after wait- 
ing for several minutes, material was then aspi- 
rated and placed in blood broth. Twenty-two 
strains were isolated and studied, according to the 
following standard methods: sugar fermentation 


with one per cent lactose, mannite, salicin, tre- 
halose, and sorbital, final pH in dextrose broth, 
the reduction of methylene blue, the hydrolysis 
of sodium hippurate, hemolysis on blood agar 
plates (4) ; the type of colony, on surface plates 
of neopeptone agar (5) ; the erythrogenic toxin 
production, the serological classification,* and the 
fibrinolysin production. Toxin-antitoxin neutral- 
ization tests were carried out when the presence 
of toxin was found. These results were cor- 
related with the serological reactions that we ob- 
served in the patients. 

From Table I it is seen that the final pH of 
all strains falls between 4.8 and 5.2. They all 
fermented trehalose but none fermented sorbital; 
none of the strains reduced methylene blue but 4 
strains showed slight hydrolysis of sodium hip- 
purate. These observations indicate that the 
strains were of the human t)rpe. This was con- 
firmed by serological examinations, using the pre- 
cipitin test with rabbit antiserum, as described 
by Lancefield (6). All of the strains fell into 
Group A or those of the human type. 

Sugar fermentation tests with lactose, mannite, 
and salicin showed that, in accordance with the 
classification of Holman (7), there were 19 
strains of Streptococcus pyogenes, 3 strains of 
Streptococcus injrequens and one strain of Hemo- 
lytic II in the group. 

The appearance of the colonies on neopeptone 
blood agar plates was studied with a hand lens 
and with the low power of the microscope, using 
reflected light. Two types of colonies were ob- 
served. The one which was predominant had a 
smooth, shiny, convex surface; the other type of 
colon)'^ showed a depression in the center which 

- We are indebted to Dr. Rebecca Lancefield of the 
Rockefeller Institute for kfedical Research for sendinji 
us known strains of Groups A, B, and C which we used 
for producing immune scrum in rabbits for precipitin 
tests. 


This investigation was aided, in part, by a grant from 
the Milton Fund and Clark Bequest. 
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TABLE I 

Summary of erysipelas organisms 




I* 

2 

3* 

4* 

5* 

6 

7 

S* 

9 

10 * 

11 * 

12 

13 

14 
15* 
16 
17* 
18* 

19 

20 
21 * 
22 


+ 

+ 

+ 

+ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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+ 


+ 

+ 
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Salicin 

Trehalose 

Sorbital 

Final pH 

Methylene 
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Sodium hip- 
purate 

Type of 
colony 

1 + 

+ 

— 

4.9 



M 

+ 

+ 

— 
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M 

+ 
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iM 

+ 
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4- 
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M 

+ 

4- 
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4- 

— 
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M 

+ 

+ 

— 
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— 

_ 

M 

+ 
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M 

-f 

4- 

— 
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4- 

— 
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M 

+ 
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M 
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4- 
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F 

+ 

4- 

— 
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— 
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F 

-f 

4- 

— 
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M 

+ 

4- 

— 
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— 

— 

F 

-i- 

4- 

— 
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M 

+ 

4- 

— 
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— 


M 


4- 

— 
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M 

+ 

4- 

— 
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— 

— 

M 

+ 

4- 

— 

4.8 

— 

zb 

M 

+ 

4- 

— 
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— 
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B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
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O 

c 




++++ 

++ 
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+++ 
+++ 
+++ 
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+++ 
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+ 
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0 
0 
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a 

3 

s 
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A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


Antistrep- 

tolysin 

Antifibrino- 

lysin 

Toxin 

antitoxin 

Max 

num 

orga 

kille 

Pa- 

tients 

imum 
Jer of 
tiisms 
d by 

Con- 

trols 

1,000 

4--P4--P 

-f- 

10-1 

10-1 
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4-4-4-4- 

0 

10-^ 

10-6 
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4-4- 

0 

10-1 

10-1 
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4--{--f-4- 

0 

10-1 

10-1 

1,000 

4-4- 

0 
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10-6 
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4--l-4--i- 

0 
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10-6 
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4-4-4--I- 

0 
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-i-4--i--f 

0 
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0 
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0 
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+ 
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4- 4-4-4- 

0 
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— 
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-f-4-4-4- 

— 
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3,000 

-j- 

— 

10-1 

10-2 

1,000 

■f--f'4--f- 

- 

10-1 

10-1 


* Organism isolated from nose. Others isolated from the lesion. 


gave it a concave appearance. The smooth shiny 
colonies correspond to the M or matt or mucoid 
forms, and the concave surface colonies corre- 
spond to the F, flocculent form of Ward and 
Lyons (5) or, possibly, the smooth convex form 
of Dawson and Olmstead (15). There were 19 
strains with the M forms and 3 with the F forms. 
In our experience, 16 of the 19 strains grew dif- 
fusely in neopeptone broth, the other grew in a 
flocculent manner. Seven strains agglutinated 
spontaneously in plain broth, and only one strain 
agglutinated spontaneously in serum neopeptone. 

Production of skin toxin 

The toxin production of the twenty-two strains 
was studied by testing the capacity of each filtrate 
to produce an erythematous reaction in the skin 
of an individual who was Dick positive. The 
filtrate was produced by growing the organisms 
for 48 hours in .02 per cent dextrose-beef in- 
fusion broth and filtering it through candles. 
The skin of an individual who reacted positively 
to Dick toxin was used for testing. Dilutions of 


filtrate 1 : 100 were injected intracutaneously. 
Control observations were carried out with broth 
and heated filtrate. All readings were made at 
the end of 24 hours and recorded as negative, 
weak, or strong. The strong reactions gave an 
erythematous papule greater than one centimeter 
in diameter ; a weak reaction was an erythema 
of one centimeter or less; a negative reaction, no 
reaction at all. The results are listed in Table I. 

After it was determined which strains produced 
toxin that was powerful enough in dilutions of 
1 : 100 to cause a positive skin reaction, it was 
determined whether these toxins could be neutral- 
ized by scarlet fever antitoxin. For these tests, 
the toxin was mixed with the antitoxin. From 
preliminary titrations with Dick toxin in a sus- 
ceptible individual, it was found that 0.1 cc. of a 
1 : 100 dilution of toxic filtrate, which we made 
from a scarlet fever streptococcus (NY5), was 
neutralized by 0.1 cc. of a diluted antiserum of a 
potency that contained a neutralizing capacity of 
20 S.T.D. of the standard toxin. We used, 
therefore, the same dilution of anti-scarlet fever 
serum and toxic filtrates in our neutralization 
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tests in studying the toxin filtrates of the ery- 
sipelas strains. 

The results are presented in Table I. Nine of 
the strains were strong toxin producers, 7 were 
weak. Six strains produced no toxin. In all, 
then, 16 of the 22 strains, or 69 per cent, pro- 
duced erythrogenic toxin, and the toxin from 14 
of the 16 strains was neutralized by anti-scarla- 
tinal antitoxin. 

Ideutificafion of the organisms with the Laucefield 
method 

Rabbits were injected with known strains of 
hemolytic streptococcus from Groups A, B, and 
C so that specific antisera were obtained that 
would react with the group-specific (“C” sub- 
stance) antigen when the precipitin test was em- 
ployed. Extracts of each strain were made and 
tested against the antisera for precipitins, using 
0.4, 0.1, and 0.025 cc. of the extract with 0.2 cc. 
of antiserum. The reaction was read after 15 
minutes and, finally, after standing 24 hours in 
the ice box. From these examinations, we found 
that all of the organisms were members of Group 
A and, therefore, of the human type. The only 
instance in which an organism belonging to a 
group other than A has been isolated from a 
case of erysipelas is the case reported by Griffith 
(14) in which the organism belonged in Group C. 

Fibrinolysin production 

The fibrinolytic activity of the different strains 
was tested by the method of Tillett and Garner 
(8). The plasma clot from an individual who 
had not experienced a hemolytic streptococcal in- 
fection for two years was used, and it had been 
determined on many occasions that some strains 
of hemolytic streptococcus were capable of di- 
gesting this clot within 15 minutes. 

While the strains varied in their potency when 
a plasma clot derived from a single source was 
used, this was not surprising since the patients 
with erysipelas showed various degrees of re- 
sistance to fibrinolysin during the course of the 
disease. This may be due either to the difference 
in individual response or to the potency of the 
fibrinolysin produced. The degree of resistance 
to fibrinolysin in the different patients is revealed 
in Table I. It is safe to say that most of the 


strains isolated from erysipelas produce fibrin- 
olysin of high potency which is capable of ex- 
citing the production of antifibrinolytic sub- 
stances in the host. 

Streptolysin 

We did not study the potency of the strep- 
tolysin production of the individual strains but, 
in view of the antistreptolysin titer of the serum 
that was observed in the patients infected by these 
strains, it is assumed that streptolysin was elab- 
orated and there was a response on the part of 
the host to its production. 

Ever since Fehleisen first described the strep- 
tococcus as the cause of erysipelas, there has been 
a lively discussion regarding the characteristics of 
the streptococci isolated to this particular form 
of infection. It has been maintained that the 
streptococci producing erysipelas form a special 
group of organisms which are distinct from those 
causing other forms of streptococcal infection. 
There is other evidence, both clinical and experi- 
mental that strains of hemolytic streptococci iso- 
lated from patients with erysipelas are made up of 
a number of serological types, and that they can- 
not be distinguished from scarlet fever strains 
by agglutination and absorption tests. Moreover, 
while it is clear that the different strains may be 
closely related to one another, they are also re- 
lated antigenically to strains isolated from scarlet 
fever (9). In our experience, all strains have 
fallen into Group A of Lancefield’s classification, 
although Griffith has described one strain from 
a case of erysipelas that belongs to Group C 
(Type 21, “Angel ”). We have not studied the 
different specific types in this group of organisms. 

There have been other observations which have 
attempted to discriminate erysipelas strains from 
scarlet fever and other strains of hemol}'tic strep- 
tococci on a basis of toxin production and toxin- 
antitoxin neutralization tests. The results of 
such studies have differed somewhat in the hands 
of various investigators and have resulted in a 
divergence of opinion regarding the specificity of 
organisms for particular types of infection. It 
has been shown by Wadswortli and Coffey (10), 
Hooker and Follensby (11), Trask and Blake 
(12), and Dick and Dick (13) that there are sev- 
eral different toxins elaborated by toxigenic 
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strains of hemolytic streptococci, and Hooker 
and FoIIensby have demonstrated two serologi- 
cally distinct toxins from some single strains de- 
rived from scarlet fever. From the studies of 
Wadsworth and Coffey, in which it was demon- 
strated that toxigenic strains could be divided 
into several distinct groups, on a basis of toxin- 
antitoxin neutralization tests, there was no evi- 
dence of specificity of any of the groups for a 
particular type of infection. That is to say. there 
was no evidence from this work that streptococci 
derived from erysipelas were specific insofar as 
their toxin production was concerned. 

’ In addition to this important obsen^ation, it 
was shown by these same investigators that anti- 
streptococcal sera varied markedly in valency 
when toxin-antitoxin neutralization tests were 
carried out, and this valency was dependent upon 
the strains used in the production of antitoxic 
sera. One serum had a veiy broad valency and 
neutralized 77 per cent of the toxins. This serum 
was made from the Dochez NY5 strain. They 
found two other monovalent sera which were each 
effective against different groups of the remaining 
toxins studied which represented 21 per cent of 
the total and, finally, there were 5 strains among 
314 whose toxins were only neutralized by com- 
bining two different sera. It is important, then, 
in studying toxin-antitoxin neutralization tests 
to use monovalent sera of broad valency before 
concluding that the toxin production from dif- 
ferent strains is specific for particular types of 
infection. 

From our experience, the toxins from 14 of 16 
different strains were neutralized by antistrepto- 
coccal serum ^ which was made from Dochez 
NY5 strain. It cannot be concluded, therefore, 
that these tests demonstrated any specificity for 
these erysipelas strains insofar as toxin pi'oduc- 
tion was concerned. 

The highest titer of the antistreptolysin in the 
blood of patients with erysipelas is recorded in 
Table I. There were wide variations but it was 
not uncommon to observe a vigorous response 
to streptolysin. The same may be said for the 
antifibrinolysin. Both of these tests indicate 

3 This serum was kindly supplied by Dr. Elliott Robin- 
son of the Massachusetts State Antitoxin Laboratory. 


that patients with erysipelas respond to the vari- 
ous antigenic components of the hemolytic strep- 
tococcus. This is also confirmed from a study 
of the bactericidal tests in the patients and con- 
trols, as previously reported by us (3) and as 
recorded in the table. 

It is perhaps worthy of comment that 'the blood 
of normal controls killed only two of the toxin- 
producing strains in large numbers, whereas all 
of the non-erythrogenic toxin-producing strains 
except one were lulled in large numbers. This 
would seem to indicate that normal controls pos- 
sess fewer bacteriocidins against erythrogenic 
toxin-producing streptococci than against the 
non toxin-producing strains. 

DISCUSSION 

On the basis of the study of the above strains 
of hemolytic streptococci, it seems justifiable to 
say that these strains are no different from those 
isolated from other cases of ' human hemolytic 
streptococcal infections. Moreover, we have been 
unable to show that these strains differ in their 
biological characteristics and in their grouping 
from the strains that are isolated from cases of 
tonsillitis preceding rheumatic fever. It is our 
belief, then, that the reason for the uncommon 
occurrence of rheumatic fever following erysipelas 
cannot be attributed to the type of infecting or- 
ganism, and certainly most patients with ery- 
sipelas have a vigorous immune response as indi- 
cated by a rise in the antistreptolysin titer. 

It is possible that attacks of rheumatic fever 
were not observed in this group of cases on ac- 
count of the small number studied, or it may have 
been due to the fact that all of our patients were 
adults belonging to an age period when attacks 
of rheumatic fever are less common. Hodges, of 
the Children’s Hospital in Boston, informs us that 
rheumatic fever was not observed following ery- 
sipelas in a group of 75 children under 12 years 
of age. It would be desirable to obtain more in- 
formation on the incidence of rheumatic fever 
following erysipelas in childhood, which is the 
period when rheumatic fever is seen most fre- 
quently. The question of age susceptibility is a 
most important factor in studying rheumatic 
fever. Until we know more about the various 
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host factors in subjects with rheumatic fever, it 
would seem impossible to assess the relative im- 
portance of hemolytic streptococcal infections, and 
the intensity of the immune response in deter- 
mining the inception or recrudescences of rheu- 
matic fever. 

SUMMARY AND CONCLUSIONS 

A study of 22 strains of hemolytic streptococci 
derived from erysipelas yielded the following 
results. 

1. All of the strains were of human origin 
(Group A), as determined by the method of 
Lancefield. 

2. Sugar fermentations, the final pH in dex- 
trose broth, the reduction of methylene blue, and 
the hydrolysis of sodium hippurate were in ac- 
cord with the findings of other workers who have 
studied human virulent strains, 

3. All of the strains produced beta type of 
hemolysis on blood agar plates. 

4. All of the strains but 2 produced a strong 
fibrinolysin. 

5. Sixteen of the 22 strains produced erythro- 
genic toxin, and the toxin from 14 of the 16 
strains was neutralized by antiscarlatinal serum 
that was produced from the NY5 strain of hemo- 
lytic streptococcus. 

6. The blood of normal controls contained a 
lower bactericidal titer for the toxin-producing 
strains than for the non-toxin-producing strains. 

7. Patients infected with these various strains 
developed a good immune response as indicated 
by the antifibrinolysin, antistreptolysin, and the 
bactericidal content of their blood. 

8. From the available evidence, the organisms 
derived from erysipelas do not seem to differ 
from those obtained from other human infections 
by the hemolytic streptococcus. 

We are indebted to Miss Marjorie L. Jewell and Miss 
Eleanor M. Fleming for technical assistance. 
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strains of hemolytic streptococci, and Hooker 
and Follensby have demonstrated two serologi- 
cally distinct toxins from some single strains de- 
rived from scarlet fever. From the studies of 
Wadsworth and Coffey, in which it was demon- 
strated that toxigenic strains could be divided 
into several distinct groups, on a basis of toxin- 
antitoxin neutralization tests, there was no evi- 
dence of specificity of any of the groups for a 
particular type of infection. That is to say. there 
was no evidence from this work that streptococci 
derived from erysipelas were specific insofar as 
their toxin production was concerned. 

' In addition to this important observation, it 
was shown by these same investigators that anti- 
streptococcal sera varied markedly in valency 
when toxin-antitoxin neutralization tests were 
carried out, and this valency was dependent upon 
the strains used in the production of antitoxic 
sera. One serum had a veiy broad valency and 
neutralized 77 per cent of the toxins. This serum 
was made from the Dochez NY5 strain. They 
found two other monovalent sera which were each 
effective against different groups of the remaining 
toxins studied which represented 21 per cent of 
the total and, finally, there were 5 strains among 
314 whose toxins were only neutralized by com- 
bining two different sera. It is important, then, 
in studying toxin-antitoxin neutralization tests 
to use monovalent sera of broad valency before 
concluding that the toxin production from dif- 
ferent strains is specific for particular types of 
infection. 

From our experience, the toxins from 14 of 16 
different strains were neutralized by antistrepto- 
coccal serum ^ which was made from Dochez 
NY5 strain. It cannot be concluded, therefore, 
that these tests demonstrated any specificity for 
these erysipelas strains insofar as toxin produc- 
tion was concerned. 

The highest titer of the antistreptolysin in the 
blood of patients with erysipelas is recorded in 
Table I. There were wide variations but it was 
not uncommon to observe a vigorous response 
to streptolysin. The same may be said for the 
antifibrinolysin. Both of these tests indicate 

3 This serum was kindly supplied by Dr. Elliott Robin- 
son of the Massachusetts State Antitoxin Laboratory. 


that patients with erysipelas respond to the vari- 
ous antigenic components of the hemolytic strep- 
tococcus. This is also confirmed from a study 
of the bactericidal tests in the patients and con- 
trols, as previously reported by us (3) and as 
recorded in the table. 

It is perhaps worthy of comment that 'the blood 
of normal controls killed only two of the toxin- 
producing strains in large numbers, whereas all 
of the non-erythrogenic toxin-producing strains 
except one were killed in large numbers. This 
would seem to indicate that normal controls pos- 
sess fewer bacteriocidins against erythrogenic 
toxin-producing streptococci than against the 
non toxin-producing strains. 

DISCUSSION 

On the basis of the study of the above strains 
of hemolytic streptococci, it seems justifiable to 
say that these strains are no different from those 
isolated from other cases of * human hemolytic 
streptococcal infections. Moreover, we have been 
unable to show that these strains differ in their 
biological characteristics and in their grouping 
from the strains that are isolated from cases of 
tonsillitis preceding rheumatic fever. It is our 
belief, then, that the reason for the uncommon 
occurrence of rheumatic fever following erysipelas 
cannot be attributed to the type of infecting or- 
ganism, and certainly most patients with ery- 
sipelas have a vigorous immune response as indi- 
cated by a rise in the antistreptolysin titer. 

It is possible that attacks of rheumatic fever 
were not observed in this group of cases on ac- 
count of the small number studied, or it may have 
been due to the fact that all of our patients were 
adults belonging to an age period when attacks 
of rheumatic fever are less common. Hodges, of 
the Children’s Hospital in Boston, informs us that 
rheumatic fever was not observed following ery- 
sipelas in a group of 75 children under 12 years 
of age. It would be desirable to obtain more in- 
formation on the incidence of rheumatic fever 
following erysipelas in childhood, which is the 
period when rheumatic fever is seen most fre 
quently. The question of age susceptibility is a 
most important factor in studying rheumatic 
fever. Until we know more about the various 
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host factors in subjects with rheumatic fever, it 
would seem impossible to assess the relative im- 
portance of hemolytic streptococcal infections, and 
the intensity of the immune response in deter- 
mining the inception or recrudescences of rheu- 
matic fever. 

SUMMARY AND CONCLUSIONS 

A studj^ of 22 strains of hemolytic streptococci 
derived from erysipelas yielded the following 
results. 

1. All of the strains were of human origin 
(Group A), as determined by the method of 
Lancefield. 

2. Sugar fermentations, the final pH in dex- 
trose broth, the reduction of methylene blue, and 
the hydrolysis of sodium hippurate were in ac- 
cord with the findings of other workers who have 
studied human virulent strains. 

3. All of the strains produced beta type of 
hemolysis on blood agar plates. 

4. All of the strains but 2 produced a strong 
fibrinolysin. 

5. Sixteen of the 22 strains produced erythro- 
genic toxin, and the toxin from 14 of the 16 
strains was neutralized by antiscarlatinal serum 
that was produced from the NYS strain of hemo- 
lytic streptococcus. 

6. The blood of normal controls contained a 
lower bactericidal titer for the toxin-producing 
strains than for the non-toxin-producing strains. 

7. Patients infected with these various strains 
developed a good immune response as indicated 
by the antifibrinolysin, antistreptolysin, and the 
bactericidal content of their blood. 

8. From the available evidence, the organisms 
derived from erysipelas do not seem to differ 
from those obtained from other human infections 
by the hemolytic streptococcus. 

We are indebted to Miss Marjorie L. Jewell and Miss 
Eleanor M. Fleming for technical assistance. 
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The object of this study was to obtain definite 
information on the metabolic status of patients 
who have severe chronic ulcerative disease of the 
colon, which is usually termed “ chronic ulcerative 
colitis.” To obtain this information we have 
made under controlled conditions extensive stud- 
ies of the composition of the feces, urine, and 
food of three patients afflicted with this disease. 

Case 1 was a man, aged thirty-five years, who had an 
acute and advanced degree of the disease which involved 
the entire colon. This patient weighed 120 pounds (54.4 
kgm.) and was 73 inches (185.4 cm.) in height. He had 
been in good health until six weeks prior to his admission 
to the hospital when he had begun to have diarrhea, 
cramps in the abdomen, and fever. He had lost 70 
pounds (31.8 kgm.). Proctoscopic examination showed 
that the rectum, rectosigmoid, and sigmoid flexure were 
extensively ulcerated, scarred, and bleeding. Microscopic 
and bacteriological examinations of the feces revealed 
nothing of known importance. The value for the hemo- 
globin was 12,6 grams per 100 cc. of blood. Three ob- 
servations were made in this case. The periods of these 
observations were four days, four days, and two days 
respectively. 

Case 2 was a woman, aged forty-three years, who had 
had chronic diarrhea for two years, and a recent ex- 
acerbation. This patient weighed 137 pounds (62.1 kgm.) 
and was 63 inches (160 cm.) in height. She had lost 
sixteen pounds (7.3 kgm.). The entire colon was in- 
volved in the ulcerating process. Proctoscopic examina- 
tion revealed numerous ulcerations in the rectum and 
sigmoid flexure. Microscopic and bacteriological exami- 
nations revealed nothing of known significance in the 
feces. There was 11.7 grams of hemoglobin in each 
100 cc. of blood. Two observations were made in this 
case. The periods of these observations were three days 
each. 

Case 3 was a man, aged twenty-five years, who weighed 
110 pounds (49.9 kgm.) and was 67 inches (170.2 cm.) 
in height, who had had diarrhea for two years, at times 
with acute severe exacerbations. The rectum and sig- 
moid flexure were ulcerated, scarred, and bled easily. 
The entire colon was involved in the diseased process. 
Microscopic and bacteriological examinations revealed 
nothing of kno^vn etiological significance in the feces. 
The value for the hemoglobin was 10.7 grams per 100 cc. 


of blood. The duration of the one period of observa- 
tion in this case was six days. 

THE GENERAL PLAN OF STUDY 

Procedure for the intake. Cases 1 and 3 re- 
ceived a balanced adequate diet. There was no 
variation in the meals from day to day. The diet 
consisted of meat, milk, cream, eggs, butter, rice, 
potato, fruits and vegetables. Three meals were 
given daily. Sodium chloride was added to the 
diet in weighed amounts. Distilled water was 
used for cooking and was given by mouth in 
measured amounts daily. The monotony of this 
unchanged diet was tolerated for as long as two 
weeks and in neither case did estimations have to 
be made for food unconsumed. An analysis of 
a twenty-four hour diet was made. Case 2 was 
unable to eat as great an amount of food as were 
Cases 1 and 3, and she could not be depended on 
for any regularity of consumption. Accordingly, 
she was allowed to select her diet, and the same 
amounts of food which she consumed daily were 
analyzed. Her. food was of the same general na- 
ture as that which was fed to the other two 
patients. 

Analysis of foods. Analyses for nitrogen by 
the Kjeldahl method, fat (16), and chloride were 
made on a ground wet suspension of the food. 
An aliquot was dried and ground for determina- 
tion of total solids and the amount of water. 
From this ground preparation, an ash was made 
in platinum dishes, using a muffle furnace, the 
temperature of which was kept below 550° C. 
Quantitative determinations of sodium, potassium, 
calcium, magnesium, and phosphorus were made 
on a hydrochloric acid extract of this ash. The 
total caloric value and the carbohydrate content 
of the foods were estimated from the tables of 
Sherman (18). 

The urine was preserv^ed with thymol and kept 
on ice. Daily estimations of the amount of creati- 
nine were made as an additional check on the ac- 
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curac}'^ of collections. Quantitative determina- 
tions of chloride, niti'ogen, and inorganic phos- 
phorus were made directly on the urine. An ash 
was prepared for the determination of sodium, 
potassium, calcium, and magnesium. 

The feces were collected in periods correspond- 
ing to a known intake of food, which were deter- 
mined by charcoal markers. In some instances, 
daily separation of the feces was made; in others, 
several days were allowed to elapse before separa- 
tion. For accuracy and convenience, certain of 
the analyses were done on two-day mixtures of 
feces, while others were done on three-day, four- 
da}^ and six-day mixtures. From six to twenty- 
five rectal discharges during twenty-four hours 
produces a great mass of feces. The collection of 
the large quantity of feces varied according to the 
condition of the patient. Case 1 had an inconti- 
nent anus which necessitated special collecting ar- 
rangements. To accomplish this, a clean rubber 
pad was kept underneath the patient at all times. 
Dejecta were then washed from the pad into suit- 
able containers with known amounts of distilled 
water. Case 2 was able to use a suitable enameled 
bedpan. The collection of feces of Case 3 was 
made by the use of a specially constructed com- 
mode which permitted a direct collection of the 
feces in glass containers. 

Blood. Various chemical and hematological de- 
terminations were made on the blood of these pa- 
tients; the results of these determinations will be 
considered later. 

Physical characteristics of the feces. The 


TABLE I 


Physical properties of the feces 


Total weight of feces, 

grams* 

Total dry substance, 

grams* 

Total water, grams* 

Percentage of water 

Percentage of dry feces . . 
Average number of daily 
dejecta 


Case I 

Case 2 

Case 

3 

Pe- 

Pe- 

Pe- 

Pe- 

Pe- 

Pe- 

riod 

riod 

riod 

riod 

riod 

riod 

1 

2 

3 

1 

2 

1 

745 

902 

1019 

489 

385 

363 

84 

91 

101 

72 

S3 

30 

661 

811 

918 

417 

330 

333 

89 

90 

90 

85 

86 

92 

11 

10 

10 

15 

14 

8 

22 

24 

21 

21 

17 

6 


* Grams excreted daily. 


ryeight of the feces excreted daily by these pa- 
tients was excessive (Table I). For example, the 
first patient excreted from 745 grams to 1019 
grams (90 per cent water) per day during the 
observation. The total dry weight, which was 
greater than normal, however, in each period, 
varied from 84 grams to 101 grams. In Cases 1 
and 2 the values for total weight of the feces ex- 
creted daily and the weight of the dry substance 
were greater than they were in Case 3. The colon 
of Case 1 was much more extensively diseased than 
were the colons of Cases 2 and 3. There was 
gross blood and some pus in each of the dejecta 
of Cases 1 and 2, No undigested food was seen 
at any time; each stool was examined grossly. 
Gross blood occasionally was noted in the feces of 
Case 3. 

Chemical analysis of food, urine and feces. 
The results of the quantitative analysis of the 
food, urine, and the feces during the periods of 
observation will be considered together. In Ta- 
ble II the data have been recorded and a balance 
has been indicated. These results are expressed 
in average number of grams ingested or excreted 
daily. References to the methods used will be 
found in the tables. 

Excretion of organic material. The presence of 
a daily fecal excretion of nitrogen far in excess 
of normal constitutes one of the most interesting 
findings of these observations. This loss of nitro- 
gen from the body through the feces has not, how- 
ever, resulted in a net loss of nitrogen or a con- 
siderably negative nitrogen balance in Case 1. 
During the two months that Case 1 was observed 
after this study, the course was one of slow im- 
provement, gain in body weight and improvement 
in health. The mechanism for conservation of 
body protein is evidenced by the low values for 
the total nitrogen excreted in the urine daily. 

It has been indicated that Case 2 was unable 
to consume a satisfactory quantity of protein. 
During Period 1, an average of 4.69 grams of 
nitrogen per day was ingested in contrast to the 
total daily consumption of 12.61 grams of nitro- 
gen by Case 1. During Period 1, the total excre- 
tion of nitrogen in the urine was 4.03 grams daily 
in Case 2. Obviously, the patient was existing on 
a low nitrogen catabolism. Examination of the 
nitrogen partition products of the urine excreted 
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TABLE II 

Results of analysis of food, urine, and feces in three cases of chronic ulcerative colitis, expressed in grams per day 



Period 1 

Period 2 

Period 3 

Intake 

Output 

Balance 
or dlf- 1 
fcrcncc 

i 

Intake 

Output 

Balance 
or dif- 
ference 

Intake 

Output 

Balance , 
or dif- 
ference 

Urine Feces Total * * * § 

Urine Feces Total 

Urine Feces Total 


Case 1 


Nitrogen t. . . 

12.61 

4.36 

7.06 

11.42 

+ 1.19 

im 

4.74 

8.21 

12.95 

-0.34 

12.61 

4,24 

9.30 

13.54 

-0.93 

Fat t 

150.3 


3.4 


+ 141.9 



8.8 


+ 141.5 

150.3 


11.2 


+ 139.1 

Sodium S . . . . 

2.72 

0.61 

1.72 

2.33 

-fO.39 

HRUd 

0.33 

2.22 

2.55 

+0.17 

2.72 

0.07 

2.4 

2.47 

+0.25 

Potassium ll. . 

2.95 

1.81 

D.77 

2.58 

+0.37 


1.85 

0.93 

2.78 

+0.17 

2.95 

1.67 

0.97 

2.64 

+0.31 

Calcium ||.... 

I.IO 

0.168 

1.28 

1.45 

-0.35 

1.10 

0.203 

1.18 

1.38 

-0.28 

1.10 

0.155 

1.26 

1.42 

-0.32 

Magnesium II. 

0.224 

0.074 

0.157 

0.231 

-0.007 

0.224 

0.073 

0.180 

0.253 

-0.029 

0.224 

0.091 

0.232 

0.323 

-0.099 

Chloride . 

4.59 

2.24 

1.96 

4.20 

-f-0.39 

4.59 

2.27 

2.63 

4.90 

-0.31 

4.59 

1.12 

2.85 

3.97 

+0.62 

Phosphorus 

1.43 

0.56 

0.83 

1.39 

+0.04 

1.43 

0.58 

0.88 

1.46 

-0.03 

1.43 

0.49 

0.92 

1.41 

+0.02 

Water tt 

3360 

1466 

661 

2127 

+ 1233 

4360 

2347 

811 

3158 

+ 1202 

2860 

630 

918 

1548 

+1312 


Case 2 


Nitrogen t. . . 

4.69 

4.03 

7.42 

11.45 

-6.76 

4.19 

4.65 

6.15 

10.80 

-6.61 






Fat t 

55.8 


9.1 


+46.7 

34.9 


5.0 


+29.9 






Sodium § . . . . 

0.803 

0.027 

1.03 

1.06 

-0.26 

0.639 

0.023 

0.727 

0.750 

-0.11 






Potassium 11. . 

0.710 

0.110 

1.07 

1.18 

-0.47 

0 620 

0.074 

0.947 

1.02 

-0.40 






Calcium ||.... 

0.154 

0.017 

0.225 

0.242 

-0.088 

0.123 

0.022 

0.175 

0.197 

-0.074 






Magnesium II. 

0.063 

0.012 

0.072 

0.084 

-0.021 

0.044 

0.010 

0.062 

0.072 

-0.028 






Chloride V. . . 
Phosphorus ** 

1,36 

0.47 

1.78 

1.75 

-0.39 

1.06 

0.46 

1.01 

1.47 

-0.41 






0.477 

0.211 

0.507 

0.718 

-0.241 

0.302 

0.289 

0.427 

0.716 

-0.414 






Water tt 

2241 

1415 

417 

1832 

+409 

2258 

1652 

330 

1982 

+276 









Case 

3 












Nitrogen t. . . 

11.49 

6.96 

2.99 

9.95 

+1.54 











Fat X 

90.4 


5.6 


+84.8 











Sodium { . . . . 
Potassium II.. 

2.05 

0.593 

0.44 

1.03 

+ 1.02 











2.83 

0.313 

1.17 

1.48 

+ 1.35 











Calcium II . . . . 

0.963 

0.162 

0.644 

0.806 

+0.157 











Magnesium II, 

0.208 

0.041 

0.126 

0.167 

+0.041 











Chloride ^ . . . 

3.69 

1.51 

0.56 

2.07 

+ 1.62 











Phosphorus ** 

1.32 

0.446 

0.555 

1.00 

+0.32 











Water tt 

3018 

1264 

333 

1597 

+ 1421 












* In urine and feces, 

t Determined by Kjeldahl’s method. 

t Determined by Saxon’s modification (16) of Fowweather’s method. 

§ Determined by method of Butler and Tuthill (2). 

II Determined by method of Tisdall and Kramer (21). 

J Chloride in urine was determined by Folin’s (8) modification of the Voldhard method; chloride in food and feces 
“stwmined by method of Peters and Van Slyke (15). 

Determined by method of Fiske and Subbarow (4). 
tt Includes water in food. 


in one day (Table III) reveals that the value for 
the urea nitrogen plus that for the ammonia nitro- 
gen was reduced. The total value for the urea 
nitrogen and ammonia nitrogen amounted to only 
60.8 per cent of the total nitrogen. The values for 
the creatinine, creatine, uric acid, and amino-acid 
nitrogen were not greatly increased. There was 
a measurable increase in the value for ammonia 
nitrogen. Gamble, Ross and Tisdall (10) have 
demonstrated in their studies on fasting children 
that such an increase in the value for ammonia 
nitrogen accompanies efforts to conserve the total 
base of the body. In Case 2, there was consid- 
erable loss of base through the intestinal tract. 


which necessitated marked curtailment in the ex- 
cretion of base in the urine and notably the ex- 
cretion of sodium. The excretion of nitrogen in 
the feces reached a considerable magnitude (7.42 
grams daily in Period 1 and 6.15 grams daily in 
Period 2). These amounts represent 64.8 per 
cent and 56.9 per cent respectively of the total 
output during Period 1 and Period 2. The total 
excretion of nitrogen in Period 1 was 6.76 grams 
more than was ingested. In Period 2, the amount 
of total nitrogen excreted was 6.61 grams more 
than was ingested. It is apparent that the large 
negative nitrogen balance resulted from the e.xces- 
sh'e amount of this substance in the feces, which 
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TADLE III 


TABLE IV 


Average daily values for nitrogen partition 
products in the urine 


Partition products 

Case 2 

Case 3 

Grams 

Per- 
cent- 
ORC of 
total 
nitro- 
Rcn 

Grams 

Per- 
cent- 
nRC of 
total 
nitro- 
Rcn 

Total nitrogen* 

3.26 


7.0 


Urea nitrogenf 

1.32 

40.5 

4.65 

66.0 

Ammonia nitrogenf 

0.663 

20.3 

0.803 

11.0 

Creatinine nitrogenf 

0.232 

7.1 

0.378 

5.4 

Creatine nitrogenf 

0.157 

4.8 

0.079 

1.1 

Uric acid nitrogen § 

0.151 

4.6 

0.212 

3.0 

Total amino acid nitrogenjl 

0.192 

5.9 

0.222 

3.2 

Rest nitrogen 

-0.545 

16.7 j 

+0.656 

9.4 


* Determined by method of Kjeldahl. 
t Determined by the Van Slyke and Cullen modification 
(23) of Marshall’s method. 

J Determined by method of Folin (S) (boiling with 
picric acid). 

§ Determined by the method of Folin and Wu (6); 
Folin and Marenzi (7). 

II Determined by the Van Slyke (22) volumetric method. 

was approximately five or six times that found in 
normal feces. In this case we have concrete evi- 
dence that a large portion, if not all, of the fecal 
nitrogen is contributed to the dejected mass by 
the body itself, presumably from the elimination 
of body tissues and blood in the colon, inasmuch 
as during both periods of observation the daily 
output of nitrogen in the feces exceeded the 
amount of nitrogen ingested. 

In Case 3, there was a positive balance for ni- 
trogen; 1.54 grams more nitrogen was ingested 
than was excreted. This net gain of nitrogen in 
the body occurred while 2.99 grams of nitrogen 
were excreted daily in the stool. This patient did 
not excrete as large an amount of nitrogen in the 
feces as did Cases 1 and 2. It has been previously 
noted that only occasionally was gross blood found 
in the stools in Case 3 and that the number of 
daily rectal discharges was less than in^ Cases 1 
and 2. There was a reduction in the urinary ex- 
cretion of nitrogen just as there was in Cases 1 
and 2. The amount of nitrogen ingested daily 
was 11.49 grams and the amount excreted daily in 
the urine was 6.96 grams. This indicates that a 
positive balance was made possible by the reduc- 
tion in the urinary excretion of nitrogen. To 
contrast these data with those of a normal adult 
who excretes in the urine as nonprotem nitrogen 


Average daily values for amount of fat in food and feces 


Case 

Period 
of olv 
BCrva- 
tion 

Fat in food * 

Fat in feces *t 

Grams 

Neu- 

tral 

fat 

1 

Fatty 
acids j 

Grams 

1 

Neu- 

tral 

fat 

Fatty 

acids 

Per- 
centage 
of that 
ingested 

Percentage 
of total dry 
substance 
of feces 

1 

1 

150.3 

per 

cent 

05.G 

per 

cent 

4.4 

8.4 

per 

cent 

42.8 

per 

cent 

57.2 

5.6 

10.0 

2 

160.3 

05.6 

4.4 

8.8 

46.7 

53.3 

6.0 

0.7 

3 

150.3 

05.6 

4.4 

11.2 

47.0 

53.0 

7.5 

11.1 

2 

1 

55.S 

07.1 

2.3 

0.1 

26.0 

73.1 

16.3 

12.7 

2 

34.0 

05.0 

4.1 

5.0 

38.0 

61.1 

14.3 

9.4 

3 

1 

00.4 

06.0 

3.1 

5.6 

45.3 

54.7 

6.2 

18.8 


* Determined by Saxon’s modification (16) of Fow- 
weatlier’s method. 

t No soaps were present. 


an amount equivalent to that which he ingests, 
suggests to us that this loss of nitrogen in chronic 
ulcerative colitis is not the result of unabsorbed 
food (1, 13, 17, 19) but is attributed to a loss of 
body tissue. 

The amount of fat in feces and food have been 
separately recorded in Table IV. The largest 
amount of fat eliminated daily occurred in Case 1 
in the third period. The amount eliminated repre- 
sented only 7.5 per cent of the fat ingested. Case 
2 consumed an average of 55.8 grams and 34.9 


rams of fat in Periods 1 and 2, respectively, 
'he fat eliminated during these periods repre- 
mted 16.3 per cent and 14.3 per cent respectively 
f that ingested. Although the actual values for 
at in the feces of Case 2 are not large, the small 
mount of fat ingested produces a calculation for 
n elimination that is out of proportion to the 
mount ingested. It is usually estimated that fecal 
at amounts to 5 or 10 per cent of the fat ingested 
14), although fecal fat is probably not, under 
ormal conditions, derived from undigested and 
bsorbed food. Hill and Bloor (11) have demon- 
trated that fecal fat is quite constant for a given 
idividual and that it is dependent on the diet. 
;perry (20) has demonstrated that the excretion 
f fat by dogs which have been deprived of fat m 
aeir diet remains constant. Fowweather^ (9) has 
etermined that if the amount of fat in stoo s 
omprises more than 28 per cent by weight of the 
Dtal dry substance the condition is abnorma . 
one of these three cases did the fat m the ec 
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reach such a quantity. In Case 3 the quantity of 2, and the feces did not contain much blood; these 

fat in the feces amounted to 18.8 per cent of the features indicate the mildness of the disease proc- 

total dry substance. This was the largest value ess in the colon. The fewer number of bowel 

obtained in any of these observations. In contrast movements in Case 3 tempts one to make a most 

to the fecal excretion of nitrogen, there was no obvious inference, namely, that in Cases 1 and 2 

evidence' of an increased elimination of fat in the in which large amounts of nitrogen were found 

feces in any of these cases. in the feces, the food has been rushed through the 

These three cases of chronic ulcerative colitis digestive tract and has not had an opportunity to 

had a normal metabolism of fat and an abnormal be absorbed. However, the frequent defecations 

metabolism of nitrogen. In Case 3 the excretion present in Cases 1 and 2, did not hinder the diges- 

of nitrogen in the feces was only slightly in- tion and absorption of fat. The fact that these 

creased. The absence of a markedly increased two patients normally absorbed fat gives the im- 

excretion of nitrogen in the feces in this case is pression that the number of defecations in cases 

in contrast to the fecal excretion of nitrogen in of ulcerative colitis does not have an important 

Cases 1 and 2. In the latter cases there was a relation to the passage of food through the gastro- 

normal metabolism of fat in the presence of a intestinal tract but that the metabolic disturbances 

grossty abnormal nitrogen metabolism. There have a direct relation to the degree of disease 

were two salient findings in Case 3 : ( 1 ) there was process in the colon which permits the loss of 

a definite increase in the excretion of nitrogen in blood and other body fluids and tissues, 

the feces, which occurred in the face of a net gain The results of the analyses for the inorganic 
of nitrogen to the body, and (2) the losses of constituents of food, urine and feces have been 

nitrogen from the body through the feces were not recorded in Table II. The distribution of the 

excessive. Apropos of this there were fewer daily output of inorganic constituents in the urine 

bowel movements, than there were in Cases 1 and and feces has been recorded in Figure 1. 



Fig. 1. Percextage Distribution of Nitrogen and Inorganic 
Constituents in Urine and Feces 
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The amounts of sodium excreted daily in urine 
and feces were less than the amounts ingested in 
Cases 1 and 3. This apparently is a positive so- 
dium balance. Excretion of sodium in the urine 
and feces in Case 2 exceeded the amount ingested. 

The percentage distribution of sodium in the 
feces and urine is shown in Figure 1. It is ap- 
parent that the excretion of sodium in the feces 
greatly exceeds that in the urine. In Case 1, 73.8 
per cent of a total of 2.33 grams were eliminated 
in the feces in Period 1. The output of sodium 
in the feces also was greater in each of the other 
two cases. However, the most marked example 
of the relative increase in the fecal excretion of 
sodium occurred in Case 2 (Figure 1). The uri- 
nary excretion of sodium was relatively low in all 
cases. Feces usually contain only 1 to 2 per cent 
of the total sodium excreted daily (14). In these 
cases, as much as 97.5 per cent of the total sodium 
eliminated per da}’’ was found in the feces. An 
inquiry into the cause of this increase in the excre- 
tion of sodium in the feces leads to the suspicion 
that it was the result of the large losses of intesti- 
nal fluids. The total amount of water lost daily 
varied from 918 grams to 330 grams and, in 
general, the more water eliminated, the more so- 
dium was present in the feces. 

In a previous paper by Welch, Wakefield, and 
Adams (25), it has been indicated that fluid that 
has a total base concentration of approximately 
150 to 170 m.eq. per liter, 120 to 130 m.eq. of 
which are made up of sodium, is delivered to the 
colon to be absorbed. It was further indicated 
that losses from an ileac stoma caused a decrease 
in the excretion of sodium in the urine. This 
decrease in the urinary excretion of sodium dem- 
onstrates that there is a compensatory mechanism 
designed to maintain the total electrolyte of the 
body fluids near a constant value. The excre- 
tion of sodium in the feces of these patients is 
comparable to that observed in a case in which 
the patient has an ileac stoma. Intestinal fluid 
was delivered to the colon from the small intes- 
tine in quantities which could not be absorbed be- 
cause of the diseased mucous membrane of the 
bowel. This fluid was therefore passed along 

and lost with the feces. 

The distribution of total output of potassium 


in the urine and feces is also abnormal because 
the total amount of daily feces is greater than 
normal. In Case 2, as much as 92.7 per cent of 
the total potassium eliminated in Period 2 oc- 
curred in the feces. Case 3 was in positive “ bal- 
ance." There Avas evidence of a marked potas- 
sium retention. We have been unable to deter- 
mine whether or not the fecal excretion of potas- 
sium parallels the fecal solids. However, the 
excretion of sodium is proportional to that of 
water. The increase in the amount of fecal po- 
tassium in these cases would seem to be the result 
of augmentation of the feces by desquamated epi- 
thelium, tissue from the ulcerated wall of the 
colon, and blood. 

The excretion of calcium in these cases was 
largely by the intestinal route ; from 80 to 93 per 
cent of the total daily excretion of calcium was 
found in the feces in Cases 1 and 2. The cal- 
cium excreted in the urine Avas markedly de- 
creased in all cases. It Avould seem that in Cases 
1 and 2 more calcium than normal Avas lost 
through the gastro-intestinal tract and that the 
A^alues for the blood calciums Avere also low. The 
excretion of magnesium and phosphorus Avas ■ 
mainly through the feces. 

Losses of chloride in the feces Avere substantial 
and paralleled to some extent the losses of sodium. 
The loss of sodium through the intestinal tract, 
hoAvever, Avas relatively greater than Avas the loss 
of chloride. This may be explained by the fact 
that the intestinal fluid contains relatively less 
fixed acid than it does fixed base. From 73.1 to 
27 per cent of the total chloride was excreted by 
the intestinal route. In some of the periods, the 
chloride balance was negative. 

The values obtained for serum sodium and the 
chloride in the plasma (Table V) indicate that 
the continuous loss of intestinal fluid resulted in 
a lowering of the concentration of these sub- 
stances, Values for serum sodium were found 
to be consistently low (from 297 to 306 mgm. per 
100 cc.). The values for the chloride were as 
low as 300 mgm, per 100 cc. of plasma on one 
occasion. The large losses of calcium in the feces 
also has resulted in low values for this rnineral. 
The concentrations of the other inorganic sub- 
stances in the blood were normal. 
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TABLE V 

Results of analysis of scrum and plasma 


Case 

Period 
of obscr* 
\*ation 

Blood scrum 

Blood 
plasma 
chlor- 
ide 0 

Cal- 
cium * 

So- 
dium t 

Potas- 
sium t 

Magne- 
sium t 

Phos- 
phorus § 



mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 



per 

per 

per 

per 

per \ 

per 



lOOce. 

100 cc. 

100 cc. 

100 cc. 

100 cc. 

100 cc. 

2 

1 

8.3 

305 

15.8 

2.2 

3.1 

310 


2 

8.8 

297 

18.7 

2.3 

4.0 

300 

3 

1 

8.8 

299 

20.9 

2.1 

4.1 

337 


2 

9.3 

306 

19.3 

2.1 

4.3 

347 


* Determined by method of Clark and Collip (3), 
t Determined by method of Butler and Tuthill (2). 
t Determined by method of Kramer and Tisdall (12). 

§ Determined by method of Fiske and Subbarow (4). 

II Determined by method of Van Slyke (24). 

COMMENT 

The data obtained in the study of these three 
cases of chronic ulcerative colitis, which were of 
different degree of severity, has indicated that in 
general the metabolic disturbance took a definite 
direction. Considerable losses of important bod- 
ily substances have occurred in these cases 
through excretion in the feces. The elimination 
of nitrogen in the feces may reach considerable 
magnitude and the amount of nitrogen excreted 
daily would seem to be directly proportional to 
the severity of the ulcerative process in the colon 
rather than to the amount ingested in the food. 
In the presence of great losses of nitrogen in the 
feces there was a small urinary excretion of ni- 
trogen in comparison to the intake of nitrogen 
in Cases 1 and 3. A decrease in the urinary ex- 
cretion of nitrogen is seen in conditions of low- 
ered nitrogen intake, starvation in the growing 
child, recovery from starvation, and during lacta- 
tion. In many of these states there is a low value 
for the blood urea. A low value for the blood 
urea is a consistent observation in cases of severe 
chronic ulcerative colitis. In such cases, the con- 
centration of urea in the blood varies from 8 
mgm. to 20 mgm. per 100 cc. The metabolism 
of nitrogen in ulcerative colitis, with its evidence 
of diminished protein catabolism, would seem to 
be comparable to that observed in the lactating 
animal in which the source of the nitrogen ex- 
creted in the milk is body tissue. In cases of 
• chronic ulcerative colitis, the nitrogen is lost in 


exudates and in blood from the ulcerative surface 
of the colon. In these conditions, the first claim 
for protein absorbed is for synthesis of tissue as 
long as there is an adequate amount of fat and 
carbohydrate available for. combustion. 

The excretion of fat in the feces in these cases 
of ulcerative colitis was not in excess of that seen 
in normal subjects under the same conditions of 
intake. The fat of the food ingested by these 
subjects was digested and absorbed as well as in 
healthy individuals, as far as can be ascertained. 

The elimination of water in the feces was con- 
siderable in Case 1, less in Case 2, and least in 
Case 3. 

We feel that the role which the diarrhea plays 
in conditioning deficiency states in cases of 
chronic ulcerative colitis by virtue of decreasing 
the absorption of food through rapid transit or 
through changes in the character of the small in- 
testine has been overestimated. 

It would seem that the greatest need of the 
body of a subject with ulcerative colitis is for 
protein. It would also seem to be of advantage 
to supply in abundance those minerals lost in 
excess in the feces and depleted from the body, 
as evidenced by their lowered concentration in 
the blood serum. 
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At the present time, little is known concerning 
lie development of local or general immunity in 
patients with gonococcal infections. It is uni- 
rersally recognized that local infections are no- 
oriously chronic and that repeated infections of 
he same individual are common. The study of 
he immune mechanism in animals has not been 
very satisfactory since it is an extremely difficult 
natter to establish a gonococcal infection in ordi- 
nary laboratoiy animals. It did not seem un- 
reasonable to suppose that more information could 
be obtained concerning the mechanism of immu- 
nity from a study of several serological reactions 
that appear during the course of the natural in- 
fection in man. We have studied, therefore, 
various antibodies in the blood of patients with 
different types of gonococcal infection, viz., the 
complement-fixing antibodies, agglutinins, precipi- 
tins, and the bactericidal power of defibrinated 
whole blood upon the gonococcus. We have 
found a study of the bactericidal power of whole 
blood most serviceable, and at this time we pre- 
sent a detailed discussion of its action, together 
with an analysis of the action of the circulating 
leukocytes and serum, upon the gonococcus. The 
results of this and the other tests upon a series of 
patients with gonococcal infections and normal 
controls are presented in the second paper. 

METHODS 

The bactericidal action of whole defibrinated 
blood, serum, or plasma was determined by the 
method of Todd as used by us (1) in studying 
the hemolytic streptococcus. To 0.5 cc. of whole 
defibrinated blood, serum, or plasma, in small 
pyrex tubes, varying dilutions of an 18-hour 
suspension of gonococci in ascitic fluid broth were 
added. The number of organisms in each tube 
was determined by the plating of 1 cc. of the con- 


tents of tubes 10"® and 10"^. The tubes were 
sealed in a gas-oxygen flame and then rotated, in 
a box, for 36 to 48 hours in an incubator at 37.5° 
C. The tubes were then opened and the contents 
were cultured to determine the presence of living 
organisms. 

Thirty-six strains of gonococci isolated from 
active cases of gonorrhea have been studied in this 
manner. They were obtained from urethral and 
cervical exudates, synovial fluid, tendon sheaths, 
conjunctivae, and the circulating blood. The 
strains were grown on horse blood agar plates 
with a pH of 7.8 and sub-cultured every 3 days. 
The identity of the organisms as gonococci was 
proved by agglutination reactions with a poly- 
valent antigonococcal serum, and by sugar fer- 
mentation tests. 

The action of the leukocytes upon the gono- 
coccus was investigated in two ways. First, 
quantitative phagocytic studies were made on the 
blood of patients with gonococcal arthritis, and 
of normal controls. The procedure was to add 
0.1 cc. of an 18-hour ascitic fluid broth culture of 
gonococci to 0.5 cc. of whole defibrinated blood 
in small pyrex tubes. After sealing the tubes, 
they were rotated in the incubator for 15 minutes 
to 4 hours. It was found that 15 minutes was 
the optimal time for maximal phagocytosis to take 
place. Smears were made and stained with 
Wright’s stain. Fifty polymorphonuclear leuko- 
cytes were counted, and the number of cells con- 
taining organisms was noted. The degree of 
phagocytosis was compared with the bactericidal 
action of whole blood on the same suspension of 
organisms. The second method was to remove 
the plasma from whole defibrinated blood and 
wash the cells 4 times with 0.85 per cent salt solu- 
tion. One-tenth of a cubic centimeter of a sus- 
pension of gonococci was added to 0.25 cc. of 
cells suspended in 0.25 cc. of salt solution in pyrex 
tubes. The tubes were sealed and rotated for 
15 minutes, and then opened to determine the 


^ This investigation was aided, in part, by a grant from 
the Alilton Fund and Clark Bequest. 
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presence of living organisms and the degree of 
phagocytosis. 

RESULTS 

Bactericidal action of whole dcfibrinated blood, 
serum and plasma 

The results of 33 observations on the bacteri- 
cidal action of the whole dcfibrinated blood and 
of serum or plasma alone are presented in Table I. 
Thirteen different strains of gonococci were used. 
One specimen of blood was obtained from each of 
13 patients with various types of gonococcal le- 
sions and 2 normal controls. It is to be noted 
that equivalent amounts of serum had essentially 
the same killing power as whole, dcfibrinated 
blood. Tests were also done with plasma to de- 
tennine whether it had the same killing power as 
serum or whole blood. An examination of 


Wright’s stained smears made from the blood in 
which there was growth of organisms revealed 
that most of the polymorphonuclear leukocytes 
contained gonococci. However, similar smears ex- 
amined from the blood in the tubes in which there 
was no growth failed to show either extracellular 
or intracellular organisms. In short, it would 
appear that when the gonococcus was killed by 
the blood, it underwent complete lysis. 

Bactericidal action of whole defibrinated blood, 
plasma and heated plasma 

It has been indicated already that the killing 
power of whole defibrinated blood for the gono- 
coccus is essentially the same as that of plasma 
or serum. If this bacteriolytic action on the 
gonococcus is due to the combined action of anti- 


TABLE I 

Comparison of bactericidal power of whole defibrinated blood, serum, and plasma * 
(Each row represents a tenfold dilution of the gonococcus) 


Obser- 

vation 

num- 

ber 

Patient 

number 

Strain 

num- 

ber 

Whole defibrinated blood 

Scrum 

Plasma 

Number 

of 

organisms 

io-‘ 

10-1 

10-1 

10-< 

10-» 

10-1 

10-1 

lO-i 

10-1 

lO'i 

10-1 

10-1 

lO-i 

10-1 

lO-i 

10-1 

10-1 

10-< 

10-1 

10- 

10-1 

1 

1 

1 

+ 

-h 

0 

0 

0 

0 

0 

-f- 


-f- 

0 

0 

0 

0 








10-’ 

=5 

2 

2 

2 

+ 

-h 

0 

0 

0 

0 

0 

-h 

+ 

0 

0 

0 

0 

0 





0 

0 

0 

10~® 

= 6 

3 

3 

3 

+ 

0 

0 

0 

0 

0 

0 






0 

0 

0 

0 

10~® 

= 5 

4 

4 

4 

+ 

-f- 

0 

0 

0 

0 

0 








0 

0 

0 

0 

0 

0 

0 

lO"’ 

= 9 

5 

s 

5 

-f 

+ 

-h 

0 

0 

0 

0 








-f 

-f 

+ 

0 

0 

0 

0 

10-^ 

= 8 

6 

6 

6 

-1- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








10 ® 

= 3 

7 


6 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








10 ^ 

=3 

8 


13 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








lO"® 

=4 

9 

7 

7 

+ 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

0 








10"^ 


10 


8 

-f 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

0 








10 ^ 

— 4 

11 


7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








f 

A 

12 

8 

8 

-f 

+ 

-f- . 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

0 








10”^ 

in-6 

— 4 

— 3 

13 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








lU 


14 

15 

16 
17 

9 

10 

11 

12 

9 

10 

11 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

"h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

lU * 
10-® 
10-« 
10-5 
lO-s 

— i z 

=3 
= 2 
=2 
-2 

18 

7 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 









-4 

19 


13 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

0 








10-5 

-4 

20 

21 

13 

13 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








10-6 

10-5 

=4 

=2 

02 


7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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10-5 

=4 

23 

24 

25 
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12 

10 

9 

0 

0 

+ 

0 

0 

+ 

0 

0 

+ 

0 

0 

+ 

0 

0 

-f- 

0 

0 

-h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-f 

4- 

-h 

-f- 

+ 

-f- 

+ 

-f 

4- 

4- 

4- 

+ 

0 

0 
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=4 
=3 
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26 

A 

8 

+ 

-h 

+ 

+ 

+ 

+ 

0 








4- 

4- 

-f 

-f 

4- 

4- 

0 

lO-’' 

=3 

27 


6 

-h 

-1- 

-h 

+ 

-f 

-h 

0 








•4- 


-i- 

+ 

4- 

4- 

0 

10-^ 

=3 

28 

29 

30 

31 

32 

33 

Control 

B 

13 

1 

2 

12 

7 

1 

+ 

+ 

+ 

+ 

0 

0 

+ 

+ 

-f 

+ 

0 

0 

-f 

-h 

4" 

0 

0 

0 

+ 

-h 

0 

0 

0 

0 

+ 

-i- 

0 

0 

0 

0 

-h 

-h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

-h 

+ 

0 

0 

-h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-h 

+ 

-f 

+ 

4- 

4- 

0 

10-^ 
10-5 
10-5 = 
10-5 = 
10-^ = 

= 8 
=2 
= 10 
=2 
=5 


* q- = growth. 

0 = no growth. 
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TABLE II 


Comparison of bactericidal power of whole defibrinaled blood, unheated plasma, and heated plasma * 


Obscrva- 

1 

' Patient 
num* 
bcr 

Strain 

num- 

ber 

Whole blood 

Unheated plasma 

Heated plasma 

Num- 
ber of 

number 

lO-i 

io-» 

io-> 


RE 

M 

10-^ 

m 

GS 

EB 

io-< 

m 

10-* 

fm 

io-> 

10-3 

io-> 

J0-< 

10-« 

10-8 

IB 

organ- 

isms 

1 

5 

5 

+ 

-1- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


+ 

+ 

+ 

+ 

0 

0 

I 

2 

1 

4 

4 

+ 

+ 

+ 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

0 


+ 

+ 

+ 

+ 

+ 

+ 


* + = growth. 

0 = no growth. 


body and complement in serum or plasma, then 
heating either one to inactivate complement should 
result in reducing the killing power. Table II 
shows the results of heating plasma at 56° C. for 
30 minutes in a water bath and comparing its 
bactericidal action with that of unheated plasma 
and whole blood. Heated plasma had practically 
no bactericidal action on the gonococcus. Heated 
plasma added to washed cells also resulted in the 
death of no organisms. 

It was conceivable from these observations that 
the difference between the action of heated and 
unheated plasma was not due to the inactivation 
of complement but to the fact that unheated 
plasma was a poor culture medium whereas heated 
plasma was a good one. However, from the fol- 
lowing experiments, we demonstrated that un- 
heated plasma killed gonococci when antibodies 
were present, and heated plasma failed to kill 
them owing to the inactivation of complement. 

The first experiment showed that complement 
was necessary for bactericidal action to take place. 
We obtained a polyvalent antigonococcal horse 
serum (Parke Davis) which agglutinated all 
strains of gonococci used. This immune serum 
did not contain complement. As a result, it is 
seen in Table III that the serum alone had no bac- 
tericidal power. However, when 0.1 cc. of fresh, 
undiluted human serum was added to 0.4 cc. of 
this immune serum, excellent bactericidal action 
resulted. It is seen further that the same amount 
of fresh serum (0.1 cc.) 'diluted to 0.5 cc. did not 
kill the organisms. Only when the immune se- 
rum was activated by fresh serum containing 
complement did bactericidal action result. 

To study further the bactericidal action in hu- 
man plasma, samples were obtained that possessed 
killing power, and they were compared with those 


TABLE III 

The bactericidal action of immune serum with and without 
the addition of fresh human serum (complement) * 



Strain 


Dilution of organism 

1 

1 

Num- 
ber of 


10-3 

10-^ 

10->l 

10-< 

10-*, 

10-8 

10-3, 

organ- 

isms 

1. ImmuDO serum 0.5 cc. 

•■C” 
0.1 ce. 

+ 

+ 

+ 

+ 

+ 1 

+ 

+ 

lO-J 

5 

2. Fresb human serum 0.1 cc. 

Normal salt solution 0.4 
CO. 

“C" 

O.l CO. 

+ 

+ 

+ 

+ 

+ 

0 

0 

10-* 

6 

3. Immune scrum 0.4 co. 

Fresh human serum 0.1 cc. 

“C” 
0.1 CO. 

0 

0 

0 

0 

0 

1 

0 

0 

io-« 

6 


* -h = growth. 

0 = no growth. 


showing no killing power. The results are re- 
corded in Table IV. Unheated plasma '* W ” 
was capable of destroying the " C ” strain of 
gonococcus, whereas the heated serum had lost 
this capacity. To test whether heating the serum 
destroyed the antibody, immune serum was added 
to the heated serum; no killing of the organism 
resulted. The heated serum was then reinacti- 
vated by the addition of fresh serum from a nor- 
mal individual, and the killing power was re- 
stored in part. From this experiment, it would 
appear that heating a plasma that was capable of 
killing gonococci inactivated complement and did 
not destroy antibody. The addition of immune 
serum to heated serum was ineffective in restor- 
ing bactericidal power, whereas the addition of 
fresh serum (complement) restored it in part. 

In the case of serum " K ” which contained no 
antibodies against organisms " C ” it was found 
that the addition of antibody (immune serum) 
caused killing when it was added to unheated se- 
rum, but no killing was observed when it utis 
added to heated serum. The death of the or- 
ganisms was produced when immune serum was 
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TABLE IV 

The bactericidal action of healed and- unhealed human plasma 
with and without antibodies * 


Observations 

Dilution of organisms 

Number of 
organisms 


10-1 

1 10-: 

' 10-1 

' 10- 

' 10-i 

> 10-1 

1 JO-1 

' 10-» 

Senim "W," unlicatcd 0.5 
cc. 

Organism "C" 0.1 cc. 


0 

0 

0 

0 

0 

0 

5 

Scrum "W," Iic.atcd 0.5 cc. 
Organism “C" 0.1 cc. 

+ 

+ 

+ 

+ 

+ 

+ 

0 

5 

Scrum ‘‘W," heated 0.4 cc. 
Organism “C" 0.1 cc. and 
immune scrum 0.1 cc. 

+ 

+ 

+ 

+ 

+ 

4- 

0 

5 

Serum "W," heated 0.4 cc. 
Organism “C" 0.1 cc. and 
fresh scrum "S” 0.1 cc. 

-1- 

+ 


0 

0 

0 

0 

5 

Fresh serum "S" 0.5 cc. 
and organism "C" 0.1 cc. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

Immune scrum 0.5 cc. and 
organism "C” 0.1 cc. 

+ 

+ 

+ 

4" 

4" 

+ 

4- 


Scrum "D," unlicatcd 0,5 
cc. 

Organism “C” 0.1 cc. 

0 

0 

i 

0 

0 


0 

0 

2 

Serum “D,” heated 0.5 cc. 
Organism "C" 0.1 cc. 

+ ! 


4" 

+ 

+ 

+ 

+ 

2 

Fresh serum “S" 0.5 cc. 
and organism " C " 0. 1 cc. 

1 4* 


4- 

+ 

+ 

1 

1 4- 

2 

Serum "D," heated 0.5 cc. 
Fresh serum “S" 0.5 cc. 
and organism “C” 0.1 cc. 

+ 



0 

0 

0 

0 

2 

Serum "K," unheated 0.5 

CC, 

Organism "C" 0.1 cc. 

+ 

4" 


4* 

4- 

+ 

+ 

4 

Serum "K," heated 0.5 cc. 
Organism "C" 0.1 cc. 

+ 

+ 

+ 

+ 

4^ 

+ 

+ 

4 

Serum “K," heated 0.5 cc. 
Organism “C” 0.1 cc. and 
immune serum 0.1 cc. 

+ 

+ 

4" 

+ 

+ 

+ 

4" 

4 

Serum “K,” heated 0.25 cc. 
Immune serum 0.1 cc., 
organism "C” 0.1 cc. and 
fresh serum "S” 0.25 cc. 

+ 

4" 

0 

0 

0 

0 

0 

4 

Serum " K, "unheated 0.5 cc. 
Immune serum 0. 1 cc. 
Organism "C” 0.1 cc. 

+ 

0 

0 

0 

0 

0 

0 

4 


* -}- = growth. 

0 = no growth. 


added to heated serum which had been reactivated 
by fresh serum. The same results were obtained 
with another serum “D” which was obtained 
from a patient with gonococcal arthritis. 

It would appear to be established that the gono- 
coccus is killed in vitvo by lysis. Both antibody 
and coinplement are necessary for this action. 

Bactericidal action of whole defbrinated blood 
and washed cells suspended in saline 

It has been recognized for many years that the 
gonococcus is actively phagocyted by polymorpho- 


nuclear leukocytes. Whether or not this indicates 
a method of destruction has remained in dispute. 
By a series of experiments we set out to deter- 
mine the relative importance of the cells in the 
destruction of the gonococcus in vitro. In Table 
V, we present 5 observations comparing the bac- 
tericidal power of whole, defibrinated blood with 
that of washed cells. The cells were washed 4 
times in sterile, physiological saline, as described 
under “ Methods." It is plain from this experi- 
ment that the suspension of cells alone was not 
capable of killing the gonococcus. When the 
cells w'ere removed from the tubes, and smears 
were made and stained, it was noted that active 
phagocytosis had taken place. There was, how- 
ever, no indication that bacterial growth had been 
suppressed. 

TABLE V 


Comparison of bactericidal power of whole defibrinated blood 
with that of washed cells suspended in saline * 


Obser- 

vation 


Whole defibrinated blood 



Washed cells in saline 


number 

10-1 

10-^ 

10-5 

10-* 

10-* 

10-< 

lO-i 

10-1 

10-5 

10-’ 

10-* 

10-5 

10-« 

lO-r 

1 

0 

0 

0 

0 

0 

0 

0 

4" 

4* 

+ 

-t- 

+ 

+ 

0 

2 

+ 

0 

0 

0 

0 

0 

0 

4* 

4" 

4“ 

4* 

+ 

+ 

4* 

3 

0 

0 

0 

0 

0 

0 

0 

+ 

4- 

+ 

+ 

•f 

+ 

0 

4t 

0 

0 

0 

0 

0 

0 

0 

4“ 

+ 

+ 

+ 

0 

0 

0 

5 

+ 

+ 

+ 

+ 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


* + = growth. 

0 == no growth. 

t No organisms were present in 6 and 7 dilutions. 


A comparison of phagocytosis in specimens of 
blood with and without bactericidal power 

To supplement the above observations on phag- 
ocytosis and the role of the polymorphonuclear 
cells in killing the gonococcus, the degree of phag- 
ocytosis was studied in several cases. As has 
been related in the bactericidal studies of the 
whole blood, there was evidence that the gono- 
coccus was killed by lysis and not by intracellular 
digestion. When the Idlling was complete, it was 
not possible to find any organisms within or out- 
side the cells. Inasmuch as it was not possible .to 
demonstrate organisms when they were killed, the 
possibility of intracellular digestion was not ab- 
solutely excluded. The experiment with cells 
alone demonstrated that the organisms were en- 
gulfed by the leukocytes but growth was not sup- 
pressed, so that it seemed unlikely that the cells 
actually killed them independently. It was of 
interest, however, to determine whether there was 
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TABLE VI 


Comparison of bactericidal porocr and phagocytic activity of whole blood and washed cells from normal people and 

patients with gonococcal arthritis * 


Obscn’ation 

Killing power 
whole defibrinated blood 

Pliagocytosls whole 
defibrinated blood. 

50 polys counted 

Killing power 
cells washed in saline 

Phagocytosis cells 
washed in saline. 

50 polys counted 

lO-' 

10-3 

io-> 

10-* 

io-» 

io-« 

10-’ 

With 

organisms 

Without 

organisms 



10-> 

I0"< 

10-5 

10-5 

10-3 

With 

organisms 

Without 

organisms 

Patient 1 

+ 



0 

0 

0 

0 

40 

10 

4- 

4- 

4- 

4- 

4- 

4- 

0 

49 

1 

Control 1 

0 

0 


0 

0 

0 

0 

SO 

0 

4- 

4- 

4- 

4- 

4- 

4- 

0 

45 

5 

Patient 2 

+ 

+ 


4- 

4- 

+ 

+ 

33 

17 










Control 2 

+ 

+ 


0 

0 

0 

0 

30 

20 











* + = growth. 

0 = no growth. 


any difference in the opsonic index of patients 
with good bactericidal power and those with a 
low titer. 

Table VI illustrates the killing power and the 
phagocytic activity of the whole defibrinated blood 
of patients with gonococcal infections as com- 
pared with the results obtained with the blood of 
normal controls. It is to be noted that there is 
no correlation between the bactericidal power and 
phagocytic activity of the whole blood. The same 
table also shows the absence of killing power of 
cells washed in saline; a majority of the cells, 
however, engulfed organisms. Table VII gives 
a comparison of the killing power of whole de- 
fibrihated blood of normal controls with the de- 
gree of phagocytosis present. 

It may be taken as established, then, that the 
opsonic index is no indication of the bactericidal 
power of a patient’s blood. Phagocytosis occurs 
without killing, and the death of the bacteria can 
be accomplished without cells. 

The bactericidal effect of polyvalent antigonococ- 

cal horse serum when added to whole defibri- 
nated blood of patients with gonococcal 
infection 

To determine whether the bacteriolytic power 
of the whole blood could be enhanced by the addi- 
tion of immune serum, the following experiment 
was done. A polyvalent antigonococcal horse se- 
rum that agglutinated all strains of the gonococcus 
that we studied was added to the whole defibri- 
nated blood of a patient with gonococcal arthritis. 
Table VIII illustrates the effect of adding 0.1 cc. 
of a 1 : 10 and 1 ; 40 dilution of this serum to 0.5 
cc. of defibrinated blood of Patient C. The “ C ” 


TABLE VII 


Comparison of the killing power with the phagocytic activity 
of whole defibrinated blood of normal controls * 


Obser- 

vation 

num- 

ber 

Killing power whole blood 

Phagocytosis 50 
polys counted 

10-1 

10-3 

10-3 

10-5 

1 

10-5 

io-‘ 

10-3 

With 

organ- 

isms 

With- 
out 
organ- 
isms . 

1 


4- 

+ 

0 

0 

0 

0 

40 

10 

2 

4- 

_[_ 

-j- 

4- 

4- 

4- 


46 

4 

3 

4- 

4- 

4- 

4- 

4- 

4- 

0 

37 

13 

4 

4- 

4- 

4- 

4- 

+ 

+ 

0 

35 

15 

5 

4- 

4- 

4- 

4- 

0 

0 

0 

44 

6 

6 

4- 

4- 

4- 

4- 

0 

0 

0 

43 

7 


* 4- = growth. 

0 = no growth. 


strain of gonococcus was obtained from this pa- 
tient, and it is seen that 0.5 cc. of his blood was 
capable of killing only 7 organisms. Adding the 
above dilutions of immune serum to his blood 
greatly increased the killing power. This proce- 
dure was repeated successfully several times using 

TABLE VIII 

Bactericidal power of whole defibrinated blood and that of the 
same blood to which small amounts of gonococcal 
immune serum had been added * 


Number of colonies 
**C” strain 

Whole 
defibrinated 
blood of 
Patient “C" 

Whole defibri- 
nated blood 
-f 0. 1 cc. 
1:10 immune 
serum 

Wliole defibri- 
nated blood 
-t-O.I cc. 
1:40 immune 
scrum 

700,000 

4- 

4- 

4- 

70,000 

4- 

“h 

0 

7,000 

4- 

0 

0 

700 

4- 

0 

0 

70 

4- 

0 

0 

7 

0 

0 

0 


* + = growth. 

0 = no growth. 
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the blood of both normals and patients with gono- 
coccal infections. The antigonococcal horse se- 
rum did not contain complement and, therefore, 
had little or no killing power. Its bactericidal ac- 
tion depended upon the addition of fresh serum 
containing complement. 

The bactericidal effect of whole dcfibrimtcd blood 
of patients before and after the intravenous 
administration of polyvalent antigono- 
coccal horse scrum 

As related above, it was found that when poly- 
valent, antigonococcal horse serum was added to 
whole defibrinated blood in vitro, the bactericidal 
power of the blood was greatly increased. We 
then proceeded to administer the serum intra- 


chart, were similar to those shown in the figure. 
When 0.1 cc. of a 1 : 10 and 1 : 40 dilution of se- 
rum was added to the patient’s blood in vitro, the 
killing power was increased. By calculation it 
was found that if 0.1 cc. of a 1:40 dilution of 
immune serum added to 0.5 cc. of his blood killed 
all the organisms except those in the first dilution, 
approximately 25 cc. of undiluted serum would 
have to be administered intravenously to produce 
the same effect in vivo. Accordingly, 25 cc. of 
polyvalent, antigonococcal horse serum were ad- 
ministered intravenously without reaction. Four 
hours later, a bactericidal test showed an increase 
of the killing power of the patient’s blood. 
Twenty-four hours later, the killing power had 
reached the same level as that found when the 



1 2 3 4 5 6 7 8 9 10 15 20 

DAYS 


Fig. 1. The Bacteriolytic Power of the Whole Blood Following the Addition of 

Immune Serum in vitro and in vivo. 


venously to a patient for the purpose of determin- 
ing whether the same effect could be obtained in 
vivo. The patient was recovering from an attack 
of acute gonococcal arthritis. The strain of 
gonococcus was obtained from his prostatic dis- 
charge. In Figure 1, it is seen that the killing 
power of the patient’s blood was essentially the 
same as that of a normal control. The results of 
several other control tests, not included on the 


equivalent amount of serum was added in vitro. 
This maximum bactericidal action was of short 
duration, however, and 5 days after receiving the 
serum, the killing power of his blood had returned 
to the level observed before injection. 

An opportunity arose for a practical demonstra- 
tion of the value of immune gonococcal serum in 
a patient with gonococcal septicemia. ^ The focus 
of Iris infection was a chronic prostatitis; he did 
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not have an endocarditis. His illness was fur- 
ther complicated by cirrhosis of the liver with 
jaundice and ascites, and a hemorrhagic eruption 
of the whole body due to a thromboc 3 ftopenia. 
Before the administration of immune serum, 
gonococci were cultured from his circulating 
blood, and the killing power of his blood was less 
than that of the normal control. Immune serum 
was then administered intravenously, and the 
following day his blood was sterile, and there was 
an increase in the titer of antibodies in the blood. 
On the basis of the preceding observation that 
this increase in bactericidal power resulting from 
serum treatment may be of only short duration, 
daily injections of serum were administered. 
The patient’s blood continued to show excellent 
killing power. From these results, it seems ob- 
vious that the bactericidal power of the blood can 
be enhanced in vivo and in vitro by the addition 
of antigonococcal immune serum. The thera- 
peutic significance of these observations will be 
discussed in a subsequent paper. 

DISCUSSION 

From the evidence that we have presented, 
there can be little doubt that whole blood from 
most patients with gonococcal infection is bacteri- 
cidal for the gonococcus. This property is a 
function of the plasma or serum and it produces 
its action by means of lysis. Bacteriolysin and 
complement are necessary for this mechanism of 
destruction. There was no evidence that the 
polymorphonuclear leukocytes were able to kill 
gonococci in vitro. This was the case, in spite of 
the fact that active phagocytosis could be demon- 
strated. In this respect, it would appear that the 
mechanism for the destruction of the gonococcus 
IS similar to that of other gram-negative or- 
ganisms. Ward and Wright (2) in a similar 
study of the B. influenzae state, “ Generally speak- 
ing, the gram-positive organisms are first sensi- 
tized by the antibody in the serum and then phag- 
ocyted by the leukocytes, no organisms being killed 
in the absence of the cells ; but with the gram- 
negative organisms, the cells play a very minor 
role, the bacteria being sensitized by the antibody 
and then killed by the complement. Under cer- 
tain conditions the sensitized organisms are not 
only killed, but undergo lysis. B. influenzae falls 


into this category.” Topley (3) is of the same 
opinion in regard to such organisms as the cholera 
vibrio, the typhoid bacillus, and "most gram- 
negative organisms.” In an immunological study 
of the meningococcus, which is closely related to 
the gonococcus, Silverthorne and Fraser (4, 5) 
concluded that the plasma of human blood, and 
not the cells, killed the meningococcus. The ear- 
lier work of Torrey (6) is of considerable signifi- 
cance in relation to immunological studies done 
on guinea pigs inoculated with gonococci. He 
concluded that phagocytosis played little part in 
the destruction of gonococci, since the degree of 
phagocytosis was apparently the same whether the 
animal died or recovered. Torrey believed that 
the rapid destruction of gonococci in the blood 
was due to specific bactericidal bodies. Further 
important observations were made by Martin (7) 
in studying the bactericidal action of an animal’s 
blood upon the gonococcus ; he stated that comple- 
mented immune serum was most important in the 
destruction of gonococci. 

Although the circulating leukocytes, particu- 
larly the polymorphonuclear leukocytes, do not 
appear to play an important part in killing the 
gonococcus, it would be desirable to know more 
concerning the tissue cells and their action on the 
gonococcus. Torrey (6) studied the phagocytic 
activity of cells in peritoneal exudates and of the 
omentum in guinea pigs injected intraperitoneally 
with gonococci. He stated that macrophages in 
the peritoneal exudate ingested gonococci with 
much greater avidity than did the polymorphonu- 
clear leukocytes on the surface of the omentum. 
But the degree of phagocytosis was the same 
whether the animal died or recovered. 

Our information concerning the significance of 
tissue reactions in the prevention of spread in 
gonococcal infections is very meager. An early 
reaction to infections of the urethra is a profuse 
exudate consisting mostly of polymorphonuclear 
leukocytes. What action do these cells have on 
the organism, espedally those containing intra- 
cellular gonococci? If the organisms are not 
killed when ingested by the leukocytes, it might be 
postulated that this phagocytosis is an attempt to 
localize the gonococci and prevent their dissemi- 
nation throughout the tissues. Further immuno- 
logical studies are necessary before a proper cval- 
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nation can be made concerning the role of the tis- 
sue cells and those found in exudates in protecting 
the body against widespread invasion by gono- 
cocci. 

SUMMARY 

1. A study of the bactericidal action of whole 
defibrinated blood on several strains of gonococci 
justifies the following conclusions. 

a. Human defibrinated whole blood has the 
property of killing gonococci by means of lysis. 

h. This bactericidal factor resides in serum or 
plasma, and is dependent upon the presence of 
complement. 

c. Heated serum or plasma, or immune serum 
without complement, have little or no bactericidal 
power. 

d. Freshly washed leukocytes suspended in 
saline have little or no killing action, though the 
polymorphonuclear leukocytes actively phagocyte 
the organisms. 

e. There does not appear to he any relationship 
between the degree of phagocytosis and the bac- 
tericidal power of blood. 

2. The addition of polyvalent, antigonococcal 
horse serum to human blood greatly increases the 
killing power. 


3. The intravenous administration of immune 
serum to patients greatly increases the killing 
power of their blood. 

We acknowledge our thanks to Miss Marjorie L. 
Jewell and Miss Eleanor M. Fleming for technical as- 
sistance. 
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In the previous paper (1), we presented evi- 
dence that the bactericidal action of whole de- 
fibrinated blood for the gonococcus was the same 
as that of plasma or serum. It was demonstrated 
that phagocytosis of the gonococcus by the poly- 
morphonuclear leukocytes played little or no part 
in the destruction of the organisms in vitro. The 
experiments supported the conclusions that the 
gonococcus was killed in vitro by bacteriolysis, and 
that this was accomplished by a sensitization of 
the organisms by antibody; the lysis was com- 
pleted by the action of complement. There was 
no evidence that intracellular digestion of the or- 
ganisms by leukocytes took place, in spite of the 
fact that active phagocytosis could be demon- 
strated. 

We then proceeded to study the variations in 
the bactericidal action of the whole defibrinated 
blood of 29 patients with gonococcal infections. 
Sixteen had local infections, notably urethritis, 
endocervicitis, or conjuctivitis, and the remaining 
13 individuals had gonococcal arthritis. 

METHODS 

The bactericidal action of whole blood was de- 
termined according to the method described in the 
preceding paper (1). A control was included at 
the time of each test so that the patient’s blood 
could be compared with the blood of a non- 
infected individual. The same control was al- 
ways used for a given patient. In all, there were 
210 tests carried out on patients and 220 on con- 
trols. For purposes of discussion we have di- 
vided the cases into those with local lesions and 
those with arthritis. In order that the bacterio- 
lytic power of a patient’s blood could be deter- 
mined against his own strain bacteria as well as 
other strains, the tests in some patients were car- 

^ This investigation was aided, in part, by a grant from 
the Milton Fund and Clark Bequest. 


ried out with more than one strain of gonococci. 
The same procedure was carried out with different 
controls. 

The results are recorded in accordance with the 
number of organisms killed by 0.5 cc. of blood. 
That is to say, if there was growth in the tube 
containing 0.1 cc. of a 10'^ dilution of the culture 
and none in the tube containing 0.1 cc. of the ICt" 
dilution, it was first recorded as killing power in ' 
10"^; then the number of organisms was calcu- 
lated from the quantitative cultures in the dilution 
of 10‘®. For example, if 1 cc. of a 10‘® culture 
contained 10 organisms, then the number con- 
tained in the 0.1 cc. of the 10'^ dilution would be 
10,000 organisms. 

RESULTS 

Bacteriolytic titer of the whole defibrinated blood 
of patients with local lesions and arthritis 

1. Controls. Patient’s organism versus whole 
defibrinated blood of controls. One-half a cubic 
centimeter of a normal individual’s whole blood 
was mixed with different dilutions of a 24-hour 
ascitic fluid broth culture of the gonococcus iso- 
lated from the patient and incubated as described 
under methods of study. The same individual 
was used as a control every time the patient’s 
blood was studied. In this way a number of ob- 
servations were obtained that permitted one to 
determine the fluctuation of the titer of the nor- 
mal blood from time to time, and to compare the 
bacteriolytic action of non-infected individuals 
with that of patients with infections. We also 
studied the bacteriolytic action of the same blood 
against several different strains. In addition, in 
some of the cases, the bacteriolytic action of sev- 
eral controls was tested for the same organism. 
This was done in order to determine the difference 
in the bacteriolytic titer of the blood of various 
normal individuals for the same strain. It was 
found that the titer of the normal individual’s 
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blood did not fluctuate more than a 100-fold dilu- 
tion, and in many instances it was either constant 
or varied less than 100-fold. There was evi- 
dence, however, that the titer varied for individual 
strains. The results are summarized in Tables I 
and II. From Table I, it can be seen that the 
blood of nonnal individuals, when tested against 
the majority of strains of gonococci, could only 
kill relatively small numbers of organisms, al- 
though there were a few susceptible strains of 
which more than 10,000 were killed by 0.5 cc. of 
blood. That this was due to the variations in the 
strains of organisms rather than variations in the 
activity of blood from different individuals is 
borne out by the information summarized in Ta- 
ble II. Here, it is ascertained that the variations 
in the bacteriolytic power of the blood of the dif- 
ferent controls for single strains was slight. 
There were a few exceptions, but from these ob- 
servations it would seem justifiable to say that 
control bloods were able to kill varying numbers 
of gonococci, depending upon the strain and the 
indiwdual. In general, the control bloods, 0.5 cc., 
were able to kill less than 100 organisms of 65 per 
cent of the strains tested. It was also found that 
the controls were able to kill more organisms de- 
rived from patients with local lesions than those 
obtained from patients with arthritis. Insofar as 
one can determine from experiments of this kind, 
it may be contended that certain normal individ- 
uals possess natural bacteriolysins against some 
strains of gonococci. It cannot be maintained 


TABLE I 

Maximum number of gonococci killed by 0.5 cc, of blood 
from controls 


Control 

number 

Number of 
strains 
studied 

Less than 
100 

100 to 
10,000 

Over 

10,000 

1 

25 

17 

6 

2 

2 

11 

7 

2 

2 

3 

8 

8 

0 

0 

4 

S 

4 

1 

0 

5 

4 

4 

0 

0 

6 

4 

3 

1 

0 


from such studies alone, however, that the or- 
ganisms vary in their ability to invade the tissues 
freely, although it is suggestive that strains which 
cause arthritis are less often killed in large num- 
bers by normal individuals. 

2. Patient’s organism and whole defibrinated 
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TABLE II 

Maximum number of gonococci killed by 0.5 cc. of blood 
from various controls when the same strain was used 


Strains 

Controls 


1 

2 

3 

4 

s 

6 

1 

10 

25 


25 

1 

7 

2 

10 

3 

100 

8 

3 

3 

3 

18 

7 

300 

7 

18 

2 

4 

1,400 

35 

35 

7 

18 

2 

5 

400,000 

97,000 



9,700 

9,700 

6 

1 

25 





7 

700 

150 





8 

6 


5 




9 

6 


3 




10 

400 


800 




11 

1,000 


10 




12 

100,000 


40,000 





blood of patients. When the bacteriolytic titer of 
the patients’ blood was studied in relation to the 
organism that had been isolated from them, it 
was found that the number of organisms that 
were killed by the blood varied considerably. The 
results can be discussed more easily by dividing 
the cases into two groups : A, those with local le- 
sions ; B, those with arthritis. 

A. Patients with local lesions. The results of 
the studies of the bacteriolytic titer of the blood 
are shown in Figure 1. The maximum number 
of organisms that were killed by the patient and 
the controls during the period of observ^ation are 
charted. Specimens of blood from five of the 
sixteen patients were capable of killing many 
more organisms than were those from controls, 
whereas in the remaining eleven instances the 
titers of specimens from the patients and controls 
were approximately the same. These observa- 
tions indicate that a local infection may be caused 
by an organism that can be killed in large num- 
bers by nonnal, non-infected individuals. More- 
over, when an infection takes place with an or- 
ganism which cannot be killed in large numbers 
by normal individuals, it is common to observe an 
increased bacteriolytic titer of the patient s serum 
as the disease advances. In Figure 2 the bacteri- 
olytic titer of the blood of 3 patients with local 
lesions is charted. 

B. Patients with arthritis. When the blood of 
patients with arthritis was studied and the results 
charted (Fig. 3), it was found ffiat 8 of the 13 
patients had a higher bacteriolytic titer than did 



DILUTIONS OF CULTURES 


GONOCOCCAL INFECTION. II 



Fic. 1. The Maximum Number op Organisms Killed bv 0.5 cc. of 
Whole Defibrinated Blood during the Natural Course of Local Gono- 
coccal Infections 


The dots represent the maximum number killed by the patients, the circles 
the maximum number killed by normal controls. Each specimen of blood was 
tested against the organism derived from the patient. 



Fig. 2. The Bacteriolytic Titer of the Blood in 3 Patients ivith Gonococcal 

Urethritis 


O O Control. 

• • Patients. 
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the controls, the remaining 5 were unable to kill 
many more organisms than the controls. It is 
worthy of comment, however, that 0.5 cc. of blood 
from our controls was incapable of killing more 
than 10,000 organisms. When organisms from 
urethritis were studied, it was found that a num- 
ber of controls were able to kill more than 10,000 
of these organisms. This is emphasized more 
clearly in Table III. This table was constructed 
from the results of 210 bactericidal tests in 29 pa- 
tients and from 220 tests in a group of controls. 
The bacteriolytic power shown in the table rep- 
resents the maximum number of organisms that 
were killed during the course of the disease. The 
bacteriolytic power of the patient’s blood was de- 
termined against his own strain. The same con- 
trol was always used for a given patient and the 


TABLE in 


Maximum number of gonococci killed by 0.5 cc. of blood 
from patients and controls 



Total 

num- 

ber 

Less 

than 

100 

100 

to 

10,000 

Over 

10,000 

Patients with arthritis 

13 

0 

8 

5 

Control observations 

13 

10 

3 

0 

Patients with local lesions 

16 

2 

4 

10 

Control observations 

16 

9 

5 

2 


killed by normal control plasmas. It is evident, 
then, that an active arthritis may be present with 
or without a high bacteriolytic titer, but it would 
seem that the organisms in patients from arthritis 
are more likely to be resistant to destruction by 
the blood of normal individuals. 

We have already staled that the bacteriolytic 



Fig, 3. The Bacteriolytic Titer of the Whole Blood in Patients 
WITH Gonococcal Arthritis. The Maximum Number of Organisms 
Killed by O.S cc. of Whole Defibrin ated Blood during the Natural 
Course of Gonococcal Arthritis 

The dots indicate the maximum number killed by the patients, the circles, 
the maximum number killed by normal controls. Each specimen of blood 
was tested against the organism derived from the patient. 


organism was derived from the patient. From 
the results shown in Figure 3 and Table III, it is 
fair to say that patients with gonococcal arthritis 
usually have a higher bacteriolytic titer in the 
blood plasma than do normal controls. More- 
over, very few organisms of these strains are 


titer of the blood plasma increased during the 
course of the illness in some patients with either 
local infections or arthritis, and while this titer 
may be maintained for several weeks, it fre- 
quently falls off gradually (Fig. 4). _ It was of 
interest, therefore, to compare the titer of the 
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Fig. 4. The Course of the Bacteriolvtic Titer of the Whole Defibrinated Blood in a Patient 
WITH Gonococcal Arthritis, Showing the Effects of Injecting Serum Intravenously 


blood from several patients against their own or- 
ganism and against strains derived from other 
patients. The pertinent information is tabulated 
in Table IV. The patients’ blood was capable of 
killing many more of their own organisms than 
other strains. There were, however, several ex- 
ceptions. Strain number 5 was obtained from a 
case of urethritis, and specimens of blood from 
all of the controls and patients were able to kill 
large numbers of these organisms. It appears, 

table IV 


Comparison of patient’s bacteriolytic titer against his own and 
other strains of gonococci* 


Patient 

number 

strain 

Other strains 

1 

2 ' 

3 

4 

5 

1 

500 

720 

140 



20,000 

2 

13,000 

6,000 


3 

96 

200,000 

3 

720,000 


1 

3 


200,000 

4 

510,000 

7 

130 

6 



5 

10 

35 

3 

0 


97,000 

6 

70,000 

3 

7 

2 

5 

3,100 

Controls 


2 

3 

3 

6 

400,000 









* The number of organisms indicates the maximum 
number killed in 0.5 cc. of whole blcx)d. 


then, that the immune reactions tend to be specific, 
although there are some virulent strains which are 
killed in large numbers by blood from normal as 
well as from individuals infected with gonococci. 

Complement fixatioji 

Repeated complement fixation reactions were 
done on the blood serum of the patients. Our 
previous experience (2) indicated that the gono- 
coccal complement fixation test was of value in 
the diagnosis of gonococcal arthritis, inasmuch as 
it was positive in 85 per cent of the cases studied. 
In this study, it was found to be positive in 1 1 of 
the 16 patients with local infections and in 10 of 
15 patients with arthritis. 

The reactions were positive in some patients as 
early as 7 days after the onset of the signs of 
acute infection, and in a few it appeared before 
there were any signs of an increased bacteriolytic 
titer in the blood. In several it was possible to 
demonstrate a positive complement fixation re- 
action when the bacteriolytic titer failed to in- 
crease. The two reactions did not parallel each 
other, but it was not uncommon to find a positive 
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complement fixation test in a patient who was in- 
fected by a strain that could be killed in large 
numbers by the blood of controls. It is indi- 
cated from our observations that this test was 
helpful in diagnosis, but it was of little value in 
assessing the immune reactions in a quantitative 
fashion. 

Once the complement fixation test becomes posi- 
tive it may remain so for as long as 3 months. 
Indeed, we have observed some cases in which it 
was positive one year after an acute arthritis had 
subsided. 

Agglutination reactions 

The blood serum from the patients was tested 
for agglutinins against homologous organisms at 
various intervals of time during the course of the 
disease. In no case did we observe the appear- 
ance of agglutinins. Thus, the use of the ag- 
glutination test as a means of diagnosis or as a 
method for the study of immune reactions in pa- 
tients was of no assistance. 

Titration of complement in patients’ blood 

In the previous paper (1) referred to, it was 
demonstrated that complement was necessary for 
the lysis of organisms after they had become 
sensitized by the antibody. The titer of comple- 
ment was determined in the blood serum of pa- 
tients with gonococcal arthritis. The purpose of 
this was to detect fluctuations from the normal. 
In other studies of complement we found that 
normal individuals did not show fluctuations of 
more than 0.1 cc. of complement on repeated ex- 
aminations although the differences in titer from 
one individual to another were greater than 0.1 cc. 
The complement titer varied from 0.02 to 0.09 cc. 
in all examinations but one. In this instance it 
was 0.2 cc. Moreover, during the course of the 
disease, the widest fluctuation in any single case 
was from 0.2 cc. to 0.07 cc. It is clear, then, that 
there is an adequate amount of complement pres- 
ent in the blood of people with gonococcal infec- 
tions to complete the lysis of organisms, provided 
antibody is available. 

DISCUSSION 

From the data presented, there is a fair amount 
of evidence that the blood of normal individuals 
is capable of destroying varying numbers of some 


strains of gonococci isolated from different types 
of gonococcal infections. It is more common for 
the blood of normal individuals to destroy large 
numbers of organisms obtained from local lesions 
than it is to kill large numbers of bacteria isolated 
from patients with arthritis. Observations of this 
kind would indicate that some strains are more 
invasive than others and while invasiveness can- 
not be correlated entirely with the absence of anti- 
bodies in the circulating blood, it does not appear 
unlikely that the presence or absence of bacterio- 
lytic antibody in the blood is a factor of impor- 
tance. It should be added, however, that infec- 
tion with an organism that can be killed in 
moderate numbers by the blood of normal indi- 
viduals may be followed by arthritis, but, in our 
experience at least, it was somewhat more com- 
mon to observe arthritis when the organisms were 
not killed in large numbers by the blood of normal 
individuals. Attention should be called to the 
fact that active infection of the urethra can con- 
tinue in the presence of an excellent bactericidal 
titer of the blood; this may also be said of the 
cases in which the joints are involved. 

When patients with arthritis and those with 
local lesions without arthritis are studied for dif- 
ferences in bacteriolytic titer, it becomes manifest 
that those with arthritis develop a higher titer for 
their organism more often than do those with only 
a local lesion. This is what might be expected, 
since in other infections it is the rule to observe 
higher bactericidal power in the blood when 
metastatic lesions are present. 

The complement in the blood of patients with 
gonococcal arthritis was at the same level as it is 
in normal individuals, so that there is no evidence 
of a lack of this substance which is so important 
in the antigen-antibody reaction. The comple- 
ment fixation test was found to be of aid in diag- 
nosis but it could not be correlated with the titer 
of the bacteriolytic test. Information was ob- 
tained indicating that the corhplement fixing anti- 
bodies appeared earlier than did other antibodies. 

The agglutination reaction was negative in all 
cases and was, therefore, of no aid in diagnosis. 

It is not possible, from these studies alone, to 
state the relative importance of bacteriolysins and 
local tissue reactions in the mechanism of recovery 
from gonococcal arthritis. The factors that local- 
ize the organisms, suppress their gro\vth, and 
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finally destroy them are probably multiple. 
There can be no question, however, that active 
infection may go on in the face of a high bac- 
teriolytic titer of the plasma, and it is also obvious 
that invasion from the local focus does not al- 
ways take place when one fails to demonstrate 
bacteriolytic substances in the blood. When bac- 
teriolysins are present in the blood serum they 
undoubtedly aid in the destruction of organisms 
and probably assist in the localization of infec- 
tion. The process of lysis is certainly operative 
to some extent when the organisms localize in an 
area that can be reached by the blood plasma in 
large amounts, such as occurs in the case of ar- 
thritis. The precise mechanism for the destruc- 
tion of organisms in various tissues remains ob- 
scure. The recent important studies of McMas- 
ter and Hudack (2) on the local formation of 
antibodies in lymph nodes are of significance in 
emphasizing the importance of antibody forma- 
tion in tissues before they can be demonstrated 
in the circulating blood. Such observations sug- 
gest, at least, that the destruction of organisms in 
some tissues is due in part to the development 
locally of specific antibodies. There is no doubt 
that the appearance of antibodies in the circulat- 
ing blood can be taken as an indication of their 
formation elsewhere and of their existence in 
some tissues. There is abundant evidence that a 
part of immunity to infections depends on spe- 
cific antibodies and that these antibodies have a 
profound effect on local cellular reactions. It is 
not possible to say at present how much of a role 
fixed antibody in the tissues plays in the defense 
mechanism in gonococcal infections ; but we have 
no reason for assuming that it does not play a 
part since recovery from local infections may oc- 
cur without the demonstration of specific bacterio- 
lysins in the circulating blood. For the above 
reasons, it does not seem improper to regard the 
presence of bacteriolysins as an immune response 
of significance in the destruction of organisms, in 
spite of the fact that their relative importance in 
the mechanism of recovery cannot be evaluated 
with precision at the present time. 

In order to explain the appearance of arthritis 
in cases of gonococcal infection, it is necessary to 
understand how the organisms invade and why 
they survive in the synovial tissues. The present 
investigation suggests that invasion of the tissues 


is dependent in part upon: 1, the virulence of in- 
dividual strains; 2, the antibody content of the 
host’s blood. There are undoubtedly other fac- 
tors which are not well defined, notably the effects 
of local inflammation and the role of the leukocyte 
in the fixation of the infection. Why the organ- 
isms seem to survive in the synovial cavities will 
be taken up in a subsequent paper. 

SUMMARY AND CONCLUSIONS 

1. The whole blood from normal individuals is 
capable of destroying varying numbers of gono- 
cocci obtained from patients with infection. 
Strains of gonococci obtained from local lesions, 
such as urethritis, are often killed in larger num- 
bers than are those derived from patients with 
arthritis. 

2. Destruction in vitro occurs by lysis and this 
is a function of the blood plasma and not of the 
polymorphonuclear leukocytes. 

3. During and following the course of a gono- 
coccal infection, especially arthritis, there is evi- 
dence of an increase in the bacteriolytic titer of 
the blood plasma. This is an immune response 
that can be regarded as an aid in the destruction 
of the organism. 

4. Patients tend to develop a higher bacterio- 
lytic titer in their serum against their own organ- 
ism than against other strains. 

5. The gonococcal complement fixation reac- 
tion is a valuable method in the diagnosis of ar- 
thritis caused by the gonococcus. 

6. The titer of complement of the blood serum 
is not depressed during the course of gonococcal 
arthritis. 

7. Agglutination tests were of no value in diag- 
nosis since in our experience they were invariably 
negative. 

8. The possible significance of bacteriolysins in 
gonococcal infections is discussed. 

We acknowledge our thanks to Miss Marjorie L. 
Jewell and Miss Eleanor M. Fleming for technical as- 
sistance. 
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The development of improved technical pro- 
cedures for preservation, pooling and concentra- 
tion have considerably facilitated the utilization of 
human serums in the prevention and treatment of 
infectious diseases. Full accounts of these pro- 
cedures have already been published (1, 2), and 
preliminary reports of their clinical applications 
have been presented before the Society for Pedi- 
atric Research (3) and the American Pediatric 
Society (4) . In brief, the serums used are pooled 
and preserved by drying in vacuo from the frozen 
state; the diy porous material resulting is called 
" lyophile ” serum. It may be redissolved in as 
little as one-quarter its original volume of liquid. 

The studies here presented consider the prob- 
lem of human serum therapy with special refer- 
ence to the use of serum preserved by this process 
in the prophylaxis and treatment of certain of the 
more common infectious diseases. The following 
list summarizes the diseases studied and the se- 
rums used ; 


1. Scarlet fever a. Convalescent serum in prophylaxis and 

treatment, 

b. Pooled adult serum in prophylaxis. 

2. Measles a. Convalescent serum in prophylaxis, 

b. Pooled adult serum in prophylaxis. 

3. Mumps a. Convalescent serum in prophylaxis and 

treatment. 

b. Pooled adult serum in prophylaxis. 

4. Cmckenpox <i. Convalescent serum in prophylaxis. 

_ _ . b. Pooled adult serum in prophylaxis. 

< Convalescent serum in treatment. 

0 . Whooping cough ....c. Serum from vaccinated individuab in 
prophylaxis and treatment.^ 

« b. Pooled adult serum in prophylaxfe. 

/. uerman measles .... Pooled adult serum in prophylaxis. 

8. Acute hemolytic strep- 
tococcal infections . , Convalescent scarlet fever scrum in treat- 
ment. 


It has not been possible to obtain suitable con- 
trol groups for the clinical evaluation of the se- 
rum. Since on hospital wards it is desirable to 
prevent any secondary cases of the disease in 
question, it is impracticable to utilize alternate 
cases as controls. Man}'^ of the cases came from 
private practice and here, likewise, it is impossible 
to select alternate cases for injection. From gen- 
eral clinical experience certain assumptions must 
be made concerning the probability of occurrence 


of an infectious disease in a particular individual 
according to the type of disease, the intimacy of 
exposure, and other well-recognized factors. 

It is well recognized that such factors as indi- 
vidual susceptibility and exact duration and de- 
gree of exposure, as a rule, cannot be accurately 
determined with respect to measles, mumps and 
chickenpox. It is possible to determine with con- 
siderable accuracy the susceptibility of an indi- 
vidual to scarlet fever by means of the Dick test. 
In hospital practice, the presence of a positive 
Dick test has generally been determined prior to 
the administration of serum for scarlet fever 
prophylaxis, but in private practice families in 
many instances are unwilling to wait the twenty- 
four hours required for the Dick test before the 
serum is given. 

In passive immunization against measles and 
at times also against chickenpox, the practitioner 
desires modification of the disease rather than 
complete protection. It is not clear in certain 
cases included in the present studies whether 
attenuation or complete protection was desired, 
but in most instances the physician’s desire could 
be determined. Attenuation of the disease was 
usually preferred. 

It has frequently been emphasized that the du- 
ration and degree of exposure on a hospital ward, 
even without special infectious precautions, are 
far less than in the home where the children usu- 
ally play together “ ad lib.” For this reason the 
cases have been divided into hospital and home 
groups, since the proportion of expected secon- 
dary cases in the home exceeds that to be ex- 
pected in the hospital. 

Data on private cases are secured through the 
use of protocol outlines wliich are given to tlie 
attending physician when he applies for serum.* 

* We are indebted to Dr. John McK. Mitchell and Dr. 
Theodore S. Wilder for a large number of tlic case re- 
ports coming from outside of hospitals. 
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The dosages recommended by various woricers 
in prophylaxis against the contagious diseases for 
which these serums are given, vary considerably. 
At first, in the present studies, the dosage for all 
the infectious diseases was based upon cubic centi- 
meters of serum per year of age. The standard 
used was 2 cc. per year of age of convalescent 
serum and 4 cc. per year of age of pooled adult 
serum. Later, it was found that some of the 
younger children were not receiving sufficient se- 
rum whereas older children were given more 
serum than was necessar}^ While the standard 
of dosage now used is probabljf far from being 
exact, according to age or weight, it is simple, re- 
quires only two sizes of serum containers (10 and 
15 cc.), and thus far has given satisfactory results. 
The present standard of dosage follows : 


Age under 6 yc.irs convalescent serum 10 cc. 

Age 6 to 12 yc.irs convalescent scrum IS cc. 

Age over 12 years convalescent serum 20 cc. 

Age under 6 years pooled adult scrum 20 cc. 

Age 6 to 12 years pooled adult serum 20 to 30 cc. 

Age over 12 years pooled adult serum 30 to 40 cc. 


From the results outlined below these doses are 
considered protective. 

In practically all instances, serum is given in 
doubly concentrated form; i.e., a dose of 30 cc. 
of serum is given intramuscularly in a total vol- 
ume of 15 cc. If desired, this may be even fur- 
ther concentrated to 8 or 10 cc. by reducing cor- 
respondingly the volume of distilled water used 
to dissolve the processed serum. 

The prophylaxis and treatment of scarlet fever 

Pathological changes in severe scarlet fever, 
quite apart from tissue invasion and suppuration, 
have been noted by a long series of authors. Both 
the earlier literature and extensive autopsy mate- 
rial have recently been reviewed by Brody and 
Smith (5). The underlying lesion is one of 
vascular injury with a concurrent perivascular 
round cell infiltration. These changes were found 
in from 75 to 95 per cent of the hearts, livers, kid- 
neys, adrenals and spleens and to a variable de- 
gree in the other viscera of the fatal cases studied 
by Brody and Smith. Lesions resembling those 
described in scarlet fever have been produced ex- 
perimentally by Hitchcock, Camero and Swift (6) 
by the intravenous injection of indifferent strepto- 
cocci into rabbits previously sensitized to strepto- 
cocci. Whether the characteristic vascular injury 


in scarlatina is due to circulating streptococcal 
toxins, as suggested by Brody and Smith, or is al- 
lergic as in the case of the experimental lesions 
of Hitchcock, Camero and Swift, the fact of defi- 
nite visceral pathological changes in this disease is 
important and deserves emphasis in view of the 
current tendency to refer to the mildness of 
scarlatina and its low mortality. 

Convalescent scarlet fever serum as a prophy- 
lactic measure in exposed individuals has been re- 
ported by Deglavitz (7), Dick and Dick (8), 
Header (9), Gordon (10), Hoyne, Levinson and 
Thalhimer (11) and others. A summary of the 
results of these authors shows that of nineteen 
hundred and thirty-three contacts given convales- 
cent scarlet fever serum forty-eight or 2.5 per 
cent developed the disease. Header reported that 
in four hundred and fifty contacts treated with 
convalescent serum 2,9 per cent developed the 
disease, whereas in a control group of three hun- 
dred and twenty-one contacts not given serum, 
12.8 per cent developed scarlet fever. 

In spite of the fact that convalescent serum is 
apparently quantitatively low in antitoxin (12), it 
has been found in the studies here presented that 
the majority of cases given the Dick test follow- 
ing the injection of convalescent scarlet fever se- 
rum show a quantitative reduction in the Dick re- 
action if not a complete reversal from positive to 
negative. In seventeen individuals retested every 
three to four days for two weeks to a month fol- 
lowing the injection of convalescent serum, the 
average trend showed a change from the positive 
range to the negative range within the first three 
days, remaining in the negative range for ten to 
twelve days and then returned to the positive 
range. This is graphically demonstrated in Fig- 
ure 1.^ These findings suggest that a solid pro- 
tection from an injection of convalescent scarlet 
fever serum may be expected to last about ten to 
twelve days, from which time there is a diminish- 
ing resistance over two to three weeks. 

Included in the present report is a group of 
forty-seven individuals exposed to scarlet fever 

2 The serums used in the cases represented in Figures 
I and 2 were found by Dr. L. J. Wenger to contain less 
than 10 National Institute of Health units of antitoxm 
per cc. of serum in comparison with 900 National Insti- 
tute of Health units of antitoxin per cc. in antiscarlatmal 
horse serum. 
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Fig. 1. Effect of Convalescent Scarlet Fever Serum on the Dick Test — 17 Cases 

The reaction index of the Dick tests is determined by adding the two largest diameters of the Dick reaction 
which are at right angles to each other and by multiplying this sum of the diameters by the following factors 
which are measurements of intensity: F (faint) = 1; M (medium) =1.5; B (bright) =2; when the medium 
or bright reactions were also swollen or indurated, an additional O.S was added to the intensity factor. 


who were given pooled adult serum from Dick 
negative individuals as a prophylactic measure. 
Of this group two (Fig. 2) developed very mild 
scarlet fever. Thirty-three of these individuals 
were known to be Dick positive and were sub- 
jected to a very long and intimate exposure to the 
disease. As will be seen from Figure 2 such 
pooled adult serum will likewise produce a quanti- 
tative reduction in the Dick test.® 

It would appear on first examining this chart 
that the pooled adult serum was more effective in 
altering the Dick test than the convalescent scarlet 
fever serum. It is our opinion that this is a 
false impression, probably due to the fact that 


® Presumably the Dick reactions would have been the 
same immediately preceding the injection of serum as 
they were when performed 2 days previously. 


those individuals who were given pooled adult 
serum had, on the average, Dick tests of less in- 
tensity prior to serum injection than did those 
who were given convalescent serum. It is sug- 
gested, however, that, in the absence of convales- 
cent scarlet fever serum, pooled adult serum from 
individuals with negative Dick tests may be of 
prophylactic value. 

Four hundred and fifty-three individuals, for 
the most part children, received lyophile convales- 
cent scarlet fever serum following exposure to the 
disease. One hundred and ninety-three of these 
cases were known to be Dick positive prior to 
the serum injection. It is unfortunate that a pre- 
liminary Dick test was not carried out in more of 
the individuals reported. In a disease with such 
a short incubation period as scarlet fever, parents 
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and physicians are often unwilling to lose the 24 
hours which is necessary for the performance of 
the test. As will be seen in Table I only eight of 
the four hundred and fifty-three persons (1.8 per 

TABLE I 


Prophylaxis against scarlet fever in 500 cases 



Convalescent serum 

1 Pooled adult serum 

i 


No 

disease 

Clinical 

cases 

No 

disease 

Clinical 

cases 


342* 

8t 

37t 

2§ 

0 

Hospital exposure 

10311 

0 

i 

8 



* Dick test known to be positive before injection in 

Tofck test known to be positive before injection in 

^ Dick test known to be positive before injection in 

‘'t Dick test known to be positive before injection in 

^ '"^1 Dick test known to be positive before injection in 

78 cases. 


cent) injected developed scarlet fever. The data 
concerning these eight cases follow. 


Case 1. C. W., female, age 3, was given IS cc of 
nvalescent scarlet fever serum on December 
ter an intimate exposure for one day to a brother J- * 
10 developed clinical scarlet fever on December 7, iy.5 • 
W was kept at home, but isolated from the rest o 
e family. On December 17, 1934, a second brother, 
W., developed what may have been a 
se of scarlet fever which may have reexposed L. W. 
,1 December 26, 1934. nineteen days following her 
itial exposure, C. W. developed typical mild scarlet 
ver. Her temperature never rose above lUl P. 

2. R. D., male, age 15 (Fig. 1), 

. of convalescent scarlet fever serum February IV, 
>36. This boy was a student in a boarding sc i 

le hundred and sixty-seven ^^"^^eding 

;d been fourteen cases of scarlet fever in i P 
.e weeks. One hundred and thirty-one of «"^u" 
ed and sixty-seven members of the school family had 

roat CBlturS positive for the 

, February 13. 1936, aod V J ,be 

,ly intimate and prolonged. Ten d y . ^ a 

lection of the convalescent serum, R. D. P 
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marked rash, typical of scarlet fever, which lasted for 
one day. His temperature remained below 100° F. at all 
times, and he made a rapid and uneventful recovery. 

Case 3. B. O’B., female, age 30 (Fig. 1), was given 
IS cc. of convalescent scarlet fever serum on February 
IS, 1930. This individual was a secretary in the same 
school mentioned in Case 2, and exposure was likewise 
presumed to be long and intimate. On February 26, 
1936, eleven days following the injection of the scrum, 
she developed a mild case of scarlet fever with a moderate 
rash, a very sore throat, and a temperature of 101° F. 
She was given 30 cc. of convalescent scarlet fever serum, 
and her temperature reached normal in about 36 hours 
from the time the scrum was given. 

Case 4. H. T., female, age 8, was given IS cc. of 
convalescent scarlet fever scrum on February 10, 1936. 
She was intimately exposed to a sister who developed 
scarlet fever on February 9, 1936, and remained in the 
same house with her sister during the latter’s illness. 
On February 23, 1936, fourteen days after onset of her 
sister’s illness, and thirteen days after the injection of 
the scrum, H. T. developed a very mild ease of scarlet 
fever. She was given 30 cc. of convalescent serum at 
that time, and her temperature was normal by the next 
day. 

Case 5. D. T., female, age 10, was a sister of Case 4 
and was exposed under similar circumstances. She was 
given IS cc. of convalescent scarlet fever scrum on Feb- 
ruary 10, 1936, and developed a barely distinguishable 
case of scarlet fever on February 30, 1936, twenty-one 
days after her initial exposure and twenty days after the 
injection of the serum, The course of her disease was 
afebrile throughout. 

Case 6. M. B., female, age 2, was given S cc. of con- 
valescent scarlet fever serum, considered an inadequate 
dose, on February 24, 1936. She was intimately exposed 
for three days to a sister who developed scarlet fever 
on February 22, 1936. The sister was isolated from the 
other children on the third day of her clinical disease, 
but remained in the same house. M. B. developed typi- 
cal moderately severe scarlet fever with a temperature 
at the onset of 103° F., on March 12, 1936, nineteen days 
after her initial exposure and seventeen days after the 
injection of the scrum. Her temperature dropped to 
normal within twenty-four hours following the injection 
of 30 cc. of convalescent scarlet fever scrum. 

Cases 7 and 8. M. B. and J .B., brothers, age 9 and 
10, were first exposed to a brother who developed scarlet 
fever on October 17th, 1936. They were isolated from 
this brother, but remained in the same house. On Oc- 
tober 19th, they were given lyophile serum, M. B. re- 
ceiving a mixture consisting of 10 cc. of convalescent 
scarlet fever scrum and 10 cc. of pooled adult scrum, and 
J. B. receiving 20 cc. of convalescent scarlet fever serum. 
M. B. developed mild scarlet fever on October 22d, and 
J. B. developed a mild case of the disease on October 
24th, five and seven days respectively following their 
initial exposure, and three and five days after the injec- 
tion of the scrum. Both cases were complicated by 
cervical adenitis. 


It is of interest that all eight of the cases just 
described remained either in the same house or 
in the same boarding school with scarlet fever 
cases from the time of their initial exposure until 
they developed the disease. Six of the eight cases 
developed scarlet fever between the tenth and 
twentieth day following the injection of con- 
valescent serum. In view of these findings and 
in view of the fact that quantitative reversal of 
the Dick test following the injection of convales- 
cent serum remains for only ten or twelve days, it 
would appear wise wherever such intimate contact 
occurs to administer serum every ten days until 
the causative organisms have disappeared from 
the throat of the patient with scarlet fever. 

Convalescent serum for the treatment of toxic 
cases of scarlet fever has been employed by a 
number of investigators beginning with Weis- 
becker (13), in 1897. Gordon, Bernbaum and 
Sheffield (14), in 1928, stated that serum from 
convalescents had been established as a valuable 
therapeutic measure. They concluded that con- 
valescent serum and antitoxic horse serums are 
equally effective in reducing fever, duration of 
skin lesions, complications, and fatality rate. 
Convalescent serum has the added advantage in 
that it does not produce the serum sickness which 
follows in about 33 per cent of the cases treated 
with horse serum. 

Hoyne, Levinson and Thalhimer (11) have re- 
cently reported their results with the use of con- 
valescent scarlet fever serum in the treatment of 
nine hundred and forty-seven patients. They di- 
vided their cases into hospital and home groups; 
in the hospital group good results were recorded 
in 75 per cent of the cases, fair results in 11 per 
cent, and questionable or no results in 14 per cent. 
In the home group good results were recorded in 
81 per cent, fair results in 8 per cent, and ques- 
tionable or no benefit in 11 per cent. Also they 
reported that septic complications were fewer in 
treated cases than in a comparable group of un- 
treated cases. 

In the present study, seventy-eight cases of 
scarlet fever have been treated with convalescent 
scarlet fever serum. Twelve of these individuals 
had very mild cases of the disease prior to treat- 
ment, and probably would not have been treated 
had not the attending physicians in question been 
particularly anxious to prevent the occurrence of 
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any complications. The remaining sixty-six cases 
could be classified previous to treatment as mod- 
erate or severe. The majority of these cases 
were given a single injection of convalescent se- 
rum, the dose varying from 30 to 60 cc. In sev- 
eral instances, the initial dose was repeated once, 
and in one case twice, the largest amount of serum 
received by any indiwdual case being 120 cc. 

It is difficult to determine the value of the se- 
rum in the twelve very mild cases except to say 
that they developed no complications. Of the 
fifty-six moderately severe and severe cases of 
scarlet fever studied, forty-eight responded fa- 
vorably to the convalescent scrum. In the ma- 
jority of these cases the temperature reached 
normal within about thirty-six hours of the time 
the serum was given; and within the same time 
the rash had begun to fade, the toxic manifesta- 
tions had disappeared, and the patients appeared 
to be convalescent. Eight cases failed to show 
any remarkable response to serum therapy. 

Complications developing among the sixty-eight 
treated cases of scarlet fever were few in number 
and may be listed as follows : 


Otitis media 4 cases 

Sinusitis 1 case 

Cervical adenitis 4 cases 


Prophylaxis against measles 

The value of convalescent and immune adult 
serums in prophylaxis against measles is well rec- 
ognized. 

There is no general agreement concerning the 
optimum time for drawing serum from persons 
recently convalescent from measles. Apparently 
this serum is potent from the time defervescence 
occurs up to at least a year following the disease. 
In these studies, blood for convalescent serum 
was taken only from persons who had had measles 
within the preceding year, and it appeared pref- 
erable to bleed them in the first three or four 
months following their illness. 

In the analysis of the present results the cases 
are tabulated as completely protected, attenuated, 
or receiving no apparent protection. The disease 
was considered attenuated if the temperature did 
not rise above 101° F. at any time, and did not 
last for more than two days as a maximum. Any 
case of greater severity was listed as receiving 
no protection. 


STOKES, JR., and STUART MUDD 

When the difference in dosage is omitted from 
consideration very similar results were obtained 
with convalescent measles and pooled normal 
adult serums. 

As observed by other workers, attenuation of 
the disease is preferable to complete protection ex- 
cept for very delicate children, infants, and cer- 
tain hospitalized children. 

The results recorded agree in general with those 
of other workers, i.e., pooled adult serum is quite 
as effective as convalescent serum. However, 
the concentration possible with lyophile serum 
makes the size of the dose comparatively unim- 
portant ; for this reason in the present studies less 
of the more costly and scarce convalescent serum 
has been used and more of the pooled adult serum 
which can be had in any quantity desired at a rela- 
tively low cost. 

The majority of workers feel that little effect 
is to be obtained when serum is injected later than 
the seventh day following the initial exposure. 
Four of the seven cases in the series who devel- 
oped typical unmodified measles received their 
serum on the seventh day following their first 
exposure. In contradistinction to this, several 
cases receiving injections later than the seventh 
day appeared to be protected. Final conclusions 
may not be drawn, but on the whole, our results, 
together with those of other investigators, show 
that late injections provide less protection. Some 
workers, including Debre and Ravina (15), em- 
ploy a standard dosage, giving the injection early 
in the incubation stage if they desire complete 
protection, and later if modification only is de- 
sired. This method appears to be a better means 
of regulating the severity of the attack than does 
the modification of the dosage. However, it is 
impossible in many instances to select the proper 
date for injection. 

It is generally conceded in measles also that 
pooled serum is better without particular regard 
to the time that the donor may have had measles. 
In three children, not included in the cases tabu- 
lated in Table II, typical measles developed fol- 
lowing the injection of 2.4 cc. per year of age of 
serum drawn from a single adult donor. 

The results with the use of convalescent and 
pooled adult serum in prophylaxis against measles 
can be seen from Table II. None of the cases re- 
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TABLE II 

Prophylaxis against measles in 410 cases 



Convalescent serum 

Pooled adult serum 


No 

ais- 

Atten- 

uated 

Clin- 

Icai 

No 

dls- 

Atten- 

uated 

CHn- 

ical 


case 

cases 

ease 

cases 

Home exposure .... 

40 

30 

5 

94 

63 

2 

Hospital exposure . . 

37 

6 

3 

116 

10 

4* 


* Dose — 2.5 cc. per year of age injected on 7th day of 
continuous intimate exposure. 


ceiving either type of serum suffered any sequel- 
iae. The results compare favorably with those 
reported by other workers concerning the use of 
fresh serum or placental extract (16). 

Although several workers have published re- 
ports on the treatment of measles with convales- 
cent serum, the use of the lyophile convalescent 
serum therapeutically has only been attempted in 
a few cases and no conclusions may be drawn. 
Reports concerning the use of convalescent serum 
for treatment have not been encouraging. 

Prophylaxis and treatment of mumps 

Alfred Hess (17) in 1915 first reported the use 
of convalescent serum for prophylaxis in mumps. 
Skrotskiy (18) reported the intramuscular injec- 
tion of from 5 to 15 cc. of convalescent serum in 
one hundred and seventy-nine children exposed to 
mumps. In this group two mild cases of mumps 
developed, and the remainder appeared to be com- 
pletely protected. Cambessedes (19) in 1933 re- 
ported the successful use of convalescent serum in 
prophylaxis and also considered that he used this 
serum to good advantage in the treatment of the 
disease, reducing by this means the incidence of 
orchitis. Barenberg and Ostroff (20) reported 
the use of adult whole blood as well as convales- 
cent whole blood in prophylaxis against mumps, 
and found that 15 per cent of those injected de- 
veloped the disease compared with 39 per cent in 
a control group. Kereszturi, Hauptman and 
Park (21) were unable to draw any conclusions 
from their study. 

Convalescent and pooled normal adult serum 
have been used in the present studies (Table III). 
Nine cases developed among one hundred and 
forty exposed individuals, six in the group re- 
ceiving convalescent serum, and three in the 


TABLE III 

Prophylaxis against mumps in 140 cases 



i 

Convalescent serum | 

Pooled adult serum 


No 

Clinical 

No 

Clinical 


disease 

cases 

disease 

cases 

Home exposure 

63 

5 

8 

1 

Hospital exposure 

IS 

1 

45 

2 


smaller group receiving pooled adult serum. Two 
of these children developed mumps without any 
attenuation, twenty-five , and thirty-five days re- 
spectively, following the administration of pre- 
sumably adequate doses of convalescent serum. 
In another child mumps developed twenty-four 
days following the administration of 20 cc. of 
pooled adult serum. In these cases, the possibil- 
ity of re-exposure was excluded. The virus of 
mumps may have remained quiescent in the pres- 
ence of protective antibodies, only to become ac- 
tive again when these antibodies became ex- 
hausted. Three cases developed mumps on the 
fifth, seventh and eighth day, respectively, fol- 
lowing the administration of serum, and in these 
cases it is felt that serum was given too late in 
the course of the incubation period to have been 
of value. One case, 27 years of age, developed 
typical mumps seventeen days following a prophy- 
lactic injection of only 10 cc. of pooled adult se- 
rum. There is no satisfactory explanation for 
the development of the disease in the other two 
non-protected individuals. 

The majority of cases treated at home were 
thoroughly exposed to proven cases of mumps. 
Thirty-two cases reported in the hospital group 
were exposed to a resident physician who, after 
contracting the disease, with visible parotid swell- 
ing, examined every nose and throat on his ward. 
None of these thirty-two individuals developed 
mumps. 

No data were available concerning the optimum 
time to draw serum from persons convalescent 
from mumps. For this reason six months was 
arbitrarily taken as the maximum time that should 
have elapsed from the onset of the disease to the 
withdrawal of blood. Further data will be neces- 
sary before definite conclusions can be drawn as 
to the optimum time. 

Like chickenpox, mumps in cliildren is consid- 
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ercd to be a rather innocuous disease and one 
which is best contracted before puberty ushers in 
the hazard of a complicating orchitis or oophoritis. 
It is the fear of these complications wliich caused 
many adults to request an injection of serum for 
themselves following exposure to mumps in their 
children. These results suggest that convalescent 
and pooled adult serums may be effective in the 
prevention of mumps in exposed individuals. 

A single case ^ of severe orchitis in mumps was 
treated with 50 cc. of convalescent mumps scrum 
on three successive days, beginning with the fifth 
day of the orchitis. On the third day of treat- 
ment the temperature dropped to normal by crisis, 
and the boy made an uneventful recovery^ It 
cannot be determined whether or not the scrum 
was the deciding factor in this case. From re- 
ports in the literature convalescent mumps serum 
would appear to be a valuable therapeutic measure 
in this tj'pc of orchitis. 

Prophylaxis against chickenpox 

The successful use of convalescent chickenpox 
serum for prophylaxis has been reported by 
Blackfan, Peterson, and Conroy (22), Mitchell 
and Ravenel (23), Gordon and Meader (24), and 
Lewis and Barenberg (25) and by several others. 
Chickenpox in children is considered a fairly in- 
nocuous disease, but is a scourge once it has estab- 
lished itself in a pediatric ward, and for this rea- 
son it is in the hospital that prophylaxis is most 
often sought. The majority of cases reported 
here are taken from hospital practice where the 
expected case rate of chickenpox is much lower 
than that generally found in private practice, al- 
though higher than that of mumps and scarlet 
fever. In the experience of Gordon and Meader 
(24), 68 per cent of susceptible children exposed 
to chickenpox in a hospital and not treated con- 
tracted the disease. 

Gordon and Meader have pointed out that the 
protective properties of convalescent varicella se- 
rum are markedly diminished after three months 
following defervescence. F or this reason the at- 
tempt was made to collect the serum within this 
period. Pooled adult serum was employed in a 
number of cases and while complete protection 

4 We are indebted to Dr. John A. Young of Newport, 
R. I., for the data on this case. 


was secured in a moderate percentage of those 
treated, pooled adult serum did not appear to be 
as effective in the prophylaxis of chickenpox as in 
that of measles. Lewis and Barenberg (25) em- 
ployed a dosage of 30 cc. of adult whole blood in 
an attempt to protect five individuals from 
chickenpox, but all five contracted the disease in 
mild form. With adult serum, however, they ap- 
parently protected eight cases with a dose of 40 
cc. Most of the published reports deal with the 
use of convalescent serum, 

TABLE IV 


Prophylaxis against chickenpox in 157 cases 



Convalescent serum 

Pooled adult serum 


No 

Clinical 

No 

Clinical 


disease 

cases 

disease 

cases 

Home e.vposure 

4 

7 

15 

3 

Hospital exposure 

42 

1 

71 

14* 


* 6 of these cases given an inadequate dose of 7,5 cc. 


The results in one hundred and fifty-seven cases 
may be seen in Table IV. It may be noted that 
a number of failures occurred \vith relatively 
small doses of pooled adult serum. Several chil- 
dren receiving what were considered adequate 
doses of convalescent serum developed the disease 
without any evidence of attenuation. Three in- 
fants in private practice given 10 cc. of convales- 
cent serum within the first three or four days 
following a heavy exposure to members of their 
own families, developed a very mild fonn of 
chickenpox consisting of 4 to 10 typical lesions 
but without any elevation in temperature. These 
results, although in general satisfactory, are not 
as conclusive as those recorded above in scarlet 
fever and measles. 

The treatment of erysipelas 

The use of convalescent erysipelas serum for 
the treatment of this disease was first described 
by Fornaca (26) in 1905 ; Jordan and Dustin 
(27), and several others have more recently de- 
scribed the use of this serum with favorable re- 
sults. . 

Three severe cases of erysipelas, two facial and 
one of the leg, have been treated with lyophde 
convalescent erysipelas serum. These cases made 
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50 od recoveries, and injection of the serum was 
followed by a fall in temperature, reduction in 
toxemia, and fading of the rash. These patients 
received from two to four injections of serum, 
each amount injected varying from 30 to 60 cc. 
No other special therapy such as x-ray, ultra- 
violet light, or horse serum, was employed in the 
treatment of these cases. 

In view of the fact that immunity to the hemo- 
lytic streptococcus of erysipelas is believed to dis- 
appear rapidly in certain cases following recovery 
from the disease (Birkhaug (28)), it is sug- 
gested that blood for convalescent serum be 
drawn when feasible within six weeks after 
defervescence. 

Prophylaxis and treatment of whooping cough 

Bradford (29) has recently reviewed the lit- 
erature concerning the use of convalescent and 
immune adult whole blood and serum in the pre- 
vention and treatment of whooping cough. The 
general opinion seems to be that these serums may 
be effective in the prevention of the disease, al- 
though the reports concerning the results in treat- 
ment are not conclusive. 

Pooled adult serum has been used in these stud- 
ies in prophylaxis against whooping cough in one 
small group of twelve infants between the ages 
of one and seven months. These children were 
exposed in a ward to a frank case of pertussis who 
was kept on the ward for two weeks following 
the onset of the disease, and subsequently died 
of pertussis bronchopneumonia. Serum was in- 
jected on the twelfth day following the initial 
exposure, eight of the infants receiving 10 cc. of 
serum and the remaining four 20 cc. None of 
these infants developed whooping cough. One 
child of 10 years was given 20 cc. of pooled adult 
serum following a two day exposure to a sister 
with the disease. This child also did not develop 
whooping cough. 

Jundell (30) in 1933 reported the use of blood 
from individuals who had recently had an injec- 
tion of fresh whooping cough vaccine in the treat- 
ment of five cases of whooping cough. It was his 
feeling that these cases responded well to the 
blood. For the past ten months we have been in- 
jecting several healthy adults with the routine 
course of Sauer’s whooping cough vaccine, giving 


one full course of vaccine every four months. 
At the end of the first four months these donors 
have been bled, and the bleedings have been re- 
peated at varying intervals thereafter. All of 
the donors give a history of having had whooping 
cough in childhood. A good opportunity for test- 
ing the serum from the donors has not as yet 
arisen. It has been given to twelve children inti- 
mately and continuously exposed to siblings with 
whooping cough. Previous attacks of whooping 
cough could be definitely excluded in these cases. 
Six of these children never developed the disease. 
Three developed a cough which lasted for from 
ten days to two weeks, but which was not asso- 
ciated with a characteristic whoop. The remain- 
ing three children developed typical but mild 
whooping cough. Fifteen cases of whooping 
cough have been treated with this type of serum 
after the onset of the disease. Five appeared to 
be much improved after the injections, but the 
value of the serum in the remaining ten cases was 
questionable. 

No conclusions may be drawn at present con- 
cerning the use of “ hyperimmune ” human serum 
in whooping cough. Results so far indicate that 
it may be of value for passive protection against 
the disease. The benefit to be derived from the 
serum once the disease has become active is un- 
certain. 

Prophylaxis against German measles 

German measles is such an innocuous disease 
that it might almost seem unwise to make any at- 
tempt to prevent its occurrence. In spite of this 
fact, there are times when it is desirable to pre- 
vent its spread in a hospital ward. Also there 
are occasions when for various reasons it would 
be inconvenient and sometimes even serious for a 
child in a private home to develop the disease. 
Pooled adult lyophile serum has been used in one 
outbreak of German measles in the ward on 
which occasion ten infants between the age of 6 
and 10 months and one infant of 4 months were 
each injected with 10 cc. of this serum on the 
day that a t}q3ical case of German measles devel- 
oped in the ward. Two additional cases devel- 
oped the following two days, and all three cases 
remained on the ward throughout their disease. 
Of the eleven children receiving serum, one dc- 
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veloped the disease twelve days after the initial 
exposure. The rest I'emained well. 

Two infants of 18 months were each given 10 
cc. of pooled adult serum three and five days re- 
spectively following an intimate exposure at 
home. Neither of these infants developed Ger- 
man measles. 

The treatment of acute hemolytic 
streptococcal infections 

Thalhimer and Levinson (31) have recently re- 
ported on the use of pooled convalescent scarlet 
fever serum in the treatment of “ diverse strepto- 
coccic infections ” such as cervical adenitis fol- 
lowing a streptococcic sore throat, “ sepsis ” and 
septic complications, acute streptococcal phar}m- 
gitis, purulent otitis media, streptococcic pneu- 
monia, etc. Their results appeared to be excel- 
lent in 11 per cent of the cases studied, good in 
44 per cent, doubtful in 17 per cent and without 
benefit in 28 per cent. 

A relatively small series of cases of hemolytic 
streptococcal infections has been treated with 
pooled lyophile convalescent scarlet fever serum, 
and while no final conclusions may be drawn from 
these studies, the results obtained in a number of 
instances have suggested considerable benefit from 
this therapy. 

Six cases of acute hemolytic streptococcal laryn- 
gitis have been treated with from 40 to 120 cc. of 
lyophile convalescent scarlet fever serum. Three 
of these cases appeared to respond rather dra- 
matically with a rapid fall in temperature, reduc- 
tion in toxemia, and diminution in the throat 
symptoms. The other three cases recovered, but 
the reduction in fever and toxemia following the 
injection of serum was not striking. 

Three cases of hemolytic streptococcal menin- 
gitis have been treated by intraspinal injections 
of convalescent scarlet fever lyophile serum. 
Two cases appeared to be benefited for a short 
time as indicated by a temporary but marked re- 
duction in the number of cells in the spinal fluid, 
and by a temporary disappearance of the organ- 
isms following the injections. These two cases 
finally died. The third case® made a complete 
recovery. In this case diagnosis was made and a 

E We are indebted to Dr. John P. Scott and Dr. Samuel 
X. Radbill for the data on this case. 


bilateral mastoidectomy performed on what was 
presumably the fifth day of the disease. The day 
following the operation a blood transfusion was 
given and on the next three successive days 30 cc. 
of convalescent scarlet fever serum was given 
intraspinally as well as 30 cc. of serum intra- 
muscularly. Spinal fluid culture was positive on 
the fourth day following operation but the plates 
only showed 2 to 3 colonies, whereas the spinal 
fluid immediately preceding and after operation 
showed many organisms on direct smear as well 
as on culture. By the fifth day after operation 
and the third day after the initiation of serum 
therapy the temperature was normal, and re- 
mained normal thereafter. Thirteen days after 
operation, and eleven days after the first dose of 
serum the child was convalescent, and the spinal 
fluid was clear, negative to culture, and contained 
only 42 cells per cubic millimeter. 

Seven cases of severe hemol)d;ic streptococcal 
sore throat have been treated with convalescent 
lyophile scarlet fever serum, and all of these cases 
appeared to be benefited. Two cases of acute 
mastoiditis with suppurative otitis, of hemolytic 
streptococcal origin, were treated Avith the same 
type of serum and recovered, but the value of the 
serum in these cases was masked by the repeated 
blood transfusions which were given in addition 
to the serum. 

One case of puerperal sepsis with an associated 
hemolytic streptococcal septicemia was treated 
with one 300 cc. blood transfusion and three in- 
jections of 40 cc. of convalescent scarlet fever 
serum given at twelve hour intervals. This indi- 
vidual made a rapid and uneventful recovery. 

One case of hemolytic streptococcal septicemia 
of obscure origin died following treatment with 
convalescent scarlet fever serum, repeated blood 
transfusions, and antistreptococcal horse serum. 

Reactions 

Moderately severe reactions have occurred in 
only five instances in over fifteen hundred injec- 
tions of lyophile serum. These children all de- 
veloped a temperature of about 104° F., local 
tenderness and swelling, and marked malaise, all 
symptoms starting within the first four to six 
hours following the injections and lasting 36 to 
48 hours. One of these children developed a pur- 
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juric rash wliich disappeared within 12 hours, 
riiese five reactions followed the administration 
af serum which had been prepared during the 
early part of the work, and which was markedly 
liemol 3 'zed. . Whether or not hemolysis had any- 
thing to do with these reactions we cannot be sure. 
It seems significant, however, that from the time 
the serum was produced with very few hemolyzed 
cells this severe type of reaction was no longer 
noted. 

Twelve children developed local pain and ten- 
derness -with an elevation in temperature of from 
one to three degrees with slight general malaise 
such as follows typhoid vaccination. Seven of 
these children received serum from two small lots 
prepared early in the studies. This type of re- 
action usually disappeared overnight. 

Lyophile serum when injected intramuscularly 
causes no greater soreness than the same amount 
of fresh human serum which has not been proc- 
essed. This soreness rarely lasts for more than a 
day, and in the majority of instances there have 
been no complaints at all. 

The amount of serum and the concentration of 
the serum seemed to bear little relation to the 
severity of the reactions. The most severe re- 
actions followed doses of about 10 cc. or less of 
serum. As much as 80 cc. of serum (doubly 
concentrated) has been given at one injection 
without any reaction whatever other than muscle 
tenderness lasting overnight. Abscess formation 
or tissue necrosis has never followed the injec- 
tion of lyophile serum. 

Serum sickness, such as frequently follows the 
injection of horse serum, has never been noted 
in any of these cases. Such reactions have been 
reported in a few cases following the injection of 
liquid human serum (32). 

It is well known that an allergic reaction may 
occur following the injection of serum from a 
donor who has recently eaten food to which the 
recipient is markedly sensitive. For this reason 
the donors are bled, whenever possible, in the 
morning when they have had no heavy meal for 
some hours. 

SUMMARY 

The use of human serums preserved by the lyo- 
phile process in the prophylaxis of scarlet fever, 
measles, mumps, chickenpox, whooping cough. 


and German measles, and in the treatment of scar- 
let fever, mumps, erysipelas, whooping cough, and 
acute hemolytic streptococcic infections is de- 
scribed. Particular emphasis has been laid on the 
use of serum from large pools of normal healthy 
adult blood in the prophylaxis of the more com- 
mon contagious diseases. 

The results obtained compare favorably with 
those reported by other investigators who have 
employed fresh serums or serums preserved in the 
liquid state. Certain distinctive advantages of 
lyophile serums (2) are indicated and illustrated 
with case material. 

We are indebted to Miss Janet Armstrong for assist- 
ance in the collection of blood, to Dr. Arthur D. Waltz 
and Miss Belita de Ayala of the Children’s Hospital 
Laboratory for the Kahn reactions, and to Dr. L. J. 
Wenger for assistance in the performance and reading 
of the Dick tests involved in the preparation of Figures 
1 and 2. The lyophile serum for the past two years has 
been processed at the Mulford Laboratories of Sharp and 
Dohme. This work has been aided by a generous grant 
from the Board of Managers of the Abington Memorial 
Hospital, and by the interest and foresight of its Medi- 
cal Director, Dr. Harry B. Wilmer. 
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The physiological adjustments which follow the 
ingestion of excessive amounts of water and cul- 
minate in the familiar water diuresis are by no 
means understood. Demonstrable changes in the 
blood attributable to the absorption of water from 
the intestinal tract are so trifling in comparison 
with the enormous fluctuations in urine volume as 
to militate against suggestion that hydremia is 
per se the immediate stimulus to water release. 
Indeed, it has been difficult to demonstrate any 
consistent blood dilution after the absorption of 
even huge amounts of water, the more so because 
reduced concentrations of the colloidal non-dif- 
fusible constituents of blood do not necessarily 
imply an increment of circulating water. Hal- 
dane and Priestley (16), Adolph (1) and Veil 
(39) were unable to reduce the concentration of 
hemoglobin significantly by forcing fluids, and 
Davis (10), Dresel and Leitner (11), Fee (13), 
Vemey (40) and Smirk (34, 36) observed no 
correlation between this value and the intensity 
of experimental polyuria; the large reductions re- 
ported by Marx (23, 25) seem decidedly beyond 
the usual experience. Macallum and Benson 
(21) and Siebeck (33) noted no drop in the 
erythrocyte count following the ingestion of wa- 
ter but Daniel and Hdgler (9) reported dilutions 
to 12 per cent. In the experiments of Engel and 
Scharl (12), Priestley (28) and Rioch (30) the 
refractive index of serum did not change signifi- 
cantly throughout the course of water diuresis, 
and Strauss and Chajes (37), Brunn (6) and 
Daniel and Hdgler (9) reported only minimal 
declines ; the dilutions of 10 to 20 per cent found 
in infants by Balavin (2) and in decerebrate dogs 
by Bayliss and Fee (3) are unique. Variations 
in the concentrations of plasma or serum proteins 
are also so slight as to be of doubtful importance 
(Brunn (6), Veil (39), Dresel and Leitner (11), 

^ Read before the Central Societj’ for Clinical Research, 
Chicago, 111., November 6, 1936. 


Rioch (30, 31), Fremont-Smith, Putnam and 
Cobb (14), Smirk (34, 36)). Jones (18) found 
but the slightest drop in blood specific gravity af- 
ter drinking water; Verney (40) no change in 
plasma colloidal osmotic pressure; Daniel and 
Hdgler (9) and Rioch (30) no important change 
in serum viscosity; Davis (10), Veil (39) and 
Fremont-Smith et al. (14) very slight reductions 
in freezing point depression; Margaria (22) a 
slight increase in the vapor pressure of blood. 
The blood volume studies of Marx and Mobr 
(25) and Dresel and Leitner (11) are contra- 
dictory and difficult to evaluate. A somewhat 
greater consistency has been obtained by the 
gravimetric estimation of total solids : the reports 
of Blix (4), Rominger (32), Priestley (29), 
Davis (10), Marx (24), Brahn and Bielschowsky 
(5), Rioch (31), Fremont-Smith et al. (14) and 
Smirk (34, 36) indicate that a drop of 1 to 2 
per cent may be expected to accompany water 
diuresis. These data seem to show that hydre- 
mia, if present, must be extremely slight. The 
extreme values reported by Greene and Rowntree 
(15), Underhill and Sallick (38) and Chanutin, 
Smith and Mendel (8) were obtained from ani- 
mals intoxicated with water. 

In contrast are the relatively consistent reports 
concerning variations in blood electrolytes. Al- 
though Bayliss and Fee (3) found no change in 
the serum electrical conductivity of decerebrate 
dogs following water administration in nearl}' half 
of their experiments, Wilson (41), Priestley (29) 
and Rioch (30, 31) have described consistent re- 
ductions of 3 to 6 per cent, and these are for the 
most part substantiated by the chloride determina- 
tions of Brunn (6), Priestley (29), IMarx (23), 
Dresel and Leitner (11), Fremont-Smith et al. 
(14) and Smirk (36). The exact figures ■varj’’ 
somewhat but with the exception of some of Bay- 
liss and Fee’s experiments, the drop in electrical 
conductivity seems to be uniforml}’ greater than 
the dilution of the nondiffusible blood constituents 
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and markedly in excess of any change attributable 
to diminished serum viscosity. It appears, there- 
fore, that the plasma hypotonia which follows the 
ingestion of water is due largely to the rapid out- 
ward diffusion of salts into the intestinal contents 
and body tissues (Burns and Visscher (7)) and 
only in small part to hydremia. 

It has been repeatedly asserted that this reduc- 
tion in total osmotic pressure is responsible for 
the ensuing diuresis, but a causal relationship is 
pure assumption. Priestley (29) maintained that 
the increased diffusion pressure of blood water 
directly depresses the capacity of the renal tubule 
to reabsorb water; but Vemey and his associates 
(19), stressing the similarity between the poly- 
urias of water diuresis, the isolated kidney and 
diabetes insipidus, have emphasized the impor- 
tance of the time inter\'al that separates the dis- 
appearance of the water from the gut and its re- 
appearance in the urine. By a variety of meth- 
ods, the important fact has been established that 
the peak of diuresis does not occur until well after 
the maximum decrease in the total molecular con- 
centration of plasma has been passed (Marx (24), 
Rioch (30, 31), Dresel and Leitner (11), Fee 
(13), Vemey (40), Bayliss and Fee (3), Heller 
and Smirk (17), Verney and associates (19), 
Smirk (34, 35, 36), Newton and Smirk (27)). 
Rioch, for example, found that the maximum di- 
lution of blood electrolytes preceded maximum di- 
uresis by 15 to 20 minutes ; Verney that the maxi- 
mum water load of the body was attained about 
15 minutes before the peak of diuresis; Newton 
and Smirk that the average diuresis did not begin 
until 40 minutes after the administration of water, 
that maximum elimination was reached in 126 
minutes, and that a 20 minute lag existed between 
the maximum water load and the peak of diuresis. 
It is in terms of the latent period that the essential 
stimulus to water excretion has been sought. 

Klisiecki, Pickford, Rothschild and Verney 
(19) explain the latent period by postulating that 
the renal absorption of water is dependent upon 
an adequate concentration in the blood of a 
pitressin-like substance, the manufacture of which 
is regulated by “ the concentration of water in the 
blood and tissues, as signified by their aqueous 
vapour pressures.” The delay in diuresis is 
therefore due to the time required for blood pi- 


tressin to fall below its threshold level in response 
to the electrolyte dilution created by water inges-: 
tion. The polyurias of the perfused isolated kid- 
ney, of the piqure experiments and of diabetes 
insipidus are likewise attributed to hypopitressine- 
mia and are, of course, unaccompanied by blood 
dilution. In order to substantiate this theory it 
becomes necessary to demonstrate that in these 
latter conditions the delayed renal excretion of 
water so characteristic of water diuresis is dimin- 
ished or absent. Verney himself (19) has pub- 
lished preliminary observations on one case of 
diabetes insipidus which seem to indicate that this 
is in fact true, and it was with the object of con- 
firming his findings that the following work was 
undertaken. 

METHODS 

Throughout these relatively acute experiments 
the subjects have voided at 10 to 20 minute inter- 
vals and have drunk frequently in amounts ap- 
proximating their normal requirements. Except 
as stated below in regard to some of the observa- 
tions on diabetes insipidus, it is believed that all 
subjects were normally hydrated. After a satis- 
factorily steady flow of urine was established a 
large volume of water (1200 cc. for the normals, 
2000 cc. for the patients) was drunk within 5 
minutes, and the urine collections were continued 
until well into the ebb of diuresis. Blood samples 
were taken from the basilic vein, usually with no 
stasis whatever; occasionally momentary pressure 
was necessary, but control estimations showed that 
transient mild pressure did not alter the results. 
Blood was drawn into a dry syringe and the serum 
separated by centrifugation as soon as clotting 
was complete. No attempt was made to prevent 
loss of CO,. Total solids were determined by 
drying approximately 1 cc. samples to constant 
weight at 105° C. The average deviation from 
the mean of 6 control estimations from the same 
sample of serum was ± 1.65 per cent. Serum 
proteins were determined refractometrically. The 
specific ' conductivity was determined by the usual 
bridge method, using a Leeds and Northrup 
1000-cycle generator. The cell was immersed in 
a thermostatically controlled water bath at 25 ± 
0.002° C. The cell used requires about 0.4 cc. ; 
its cell constant is 8.16 at 25° C., where cell con- 
stant is defined as observed resistance divided by 
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specific resistance. Determinations were repro- 
ducible to 0.05 per cent. 

RESULTS 

Eight control observations have been made on 
3 normal subjects. In all 8 the electrical con- 
ductivity of the serum was followed, and in 5, 
the total blood solids were also determined; in 
the remaining 3 experiments serum proteins were 
estimated refractometrically. After the ingestion 
of a large volume of water the average reduction 
in specific conductivity for the entire series was 
2.7 per cent, the smallest being 1.75 per cent and 
the greatest 4.9 per cent. The 5 curves illustrat- 
ing changes in concentration of total solids showed 
marked inconsistencies. Not much importance is 
attached to them, as the fluctuations were not 
often significantly beyond the apparent limit of 
analytical error. Their, general direction, how- 
ever, is negative and we believe they indicate 
slight hydremia, since, in 4, the maximum deflec- 
tion averaged — 3 per cent while 1 showed a 
maximum increase of nearly 2 per cent. The re- 


fractometric readings were even more anomalous, 
varying from -}- 8 per cent to — 7 per cent with 
virtually no average deviation from normal. 

Figure 1 shows a typical experiment on each of 
3 subjects, 1 with estimations of serum protein 
and 2 with estimations of total solids. Attention 
is called to the very definite time interval that 
separates the point of maximum electrolyte dilu- 
tion in the blood from the maximum rate of 
urine formation. In 7 acceptable experiments the 
apparent intervals were 45, 20, 40, 40, 40, 40 and 
35 minutes, an average of 37 minutes. 

Attention was then turned to diabetes insipidus 
with the expectation that, Vemey’s theory being 
correct, this time-lag would be much diminished. 
To our surprise we were unable to produce any- 
thing which resembled a flood diuresis, the urine 
flow remaining relatively constant under vaiying 
conditions of fluid intake. Figure 2 (Curve A) 
shows a prolonged experiment on such a patient. 
The blood changes are somewhat more pro- 
nounced than in the average normal ; but, in spite 
of the ingestion of 2000 cc. of water above the 



Fig. 1. The Response of Normal Subjects to the Ingestion of Water 

® = urine flow in cc. per minute. •... •= serum specific conductivity. • • = scrum total 

solids in Subjects F and G, serum refractive index in Subject W. The serum values are plotted as percentage 

deviations from the pre-ingestion levels. Initial serum specific conductivity: F = 0.01227; (7 = 0.01186; fF = 
0.01189. Initial serum total solids: F = 7.64 grams per cent; (7 = 8.88 grams per cent. Initial serum protein: 
~ grams per cent The shaded rectangles indicate the ingestion of 1200 cc. tap water. 

The uniform drop in the electrical conductivity values is in contrast to the irregular and probably unim- 

portant^ fluctuations in total solids and protein determinations. The time interval separating the maximum de- 
crease in specific conductivity of the serum from the peak of diuresis is to be noted. 
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Fig. 2, Water Retention in Diabetes Insipidus. Subject B 

® ® = urine flow in cc. per minute. = serum specific conductivity (initial 

value, 0.01116) ; • O = serum total solids expressed as percentage deviation from the pre- 

ingestion value (initial value, 8.13 grams per cent). 

E.xperiment A shows tlie blood and urine changes accompanying the ingestion of 2000 cc. 
tap water. Throughout the entire observation period the patient drank 400 cc. water every 20 
minutes. In Experiment B the basal water intake was 200 cc. every 20 minutes; no blood 
studies were made. Despite the submaximal excretory rate and the large dilution of blood 
electrolytes no diuresis was initiated in either case. The control electrical resistance deter- 
minations were made at random intervals during a normal unrestricted day. 


CC/MIN. 



Fig. 3. Water Retention in a Second Case of Diabetes Insipidus. Subject D 

Urine flow is recorded in cc. per minute. The cii'cles represent the ingestion of 
1200 to 2000 cc. tap water, and the figure appended to each curve represents the hourly 
basal fluid intake maintained throughout the experiment and given at IS to 20 minute 
intervals. Despite widely varying basal urine output the patient released extra water 
very slowly, in comparison with the depicted normal response. 
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patient’s basal intake, no diuresis occurred within 
8 hours. Since the basal fluid intake throughout 
the experiment was 1200 cc. per hour, rather more 
than he ordinarily consumed, it seemed possible 
that his kidneys were already responding at a 
maximal rate and that no increase in urine forma- 
tion should be expected. However, he had been 
repeatedly known to excrete more than 20 cc. per 
minute. Despite the fact that this figure repre- 
sented a submaximal excretory rate it was de- 
cided to repeat the observation when the basal 
urine flow was considerably below the known ca- 
pacity of the kidneys. Curve B in Figure 2 rep- 
resents a repetition of this experiment, without 
blood data, however, done on a basal fluid intake 
of 600 cc. per hour. Figure 3 represents a series 
of efforts to induce water diuresis in a second 
patient with diabetes insipidus. By varying the 
basal fluid intake the urine flow could within cer- 
tain limits be controlled, although identical intakes 
on different days resulted in variable urine out- 
puts. It will be seen that despite widely varying 
basal urine outputs no curve resembling water 
diuresis was ever obtained. 

DISCUSSION 

Water diuresis has been studied in diabetes in- 
sipidus with the anticipation that the latent period 
between the point of maximum blood electrol 3 h:e 
dilution after water ingestion and the peak of 
diuresis would be less than normal, if Verney’s 
theory is correct. No evidence either for or 
against this hypothesis has been obtained, how- 
ever, since it proved impossible to influence the 
rate of urine flow appreciably by the oral admin- 
istration of water, although the blood changes 
were normal in kind and somewhat exaggerated 
in magnitude. We recognize the dangers in- 
curred in speaking of optimal water requirements 
in diabetes insipidus and the relative futility of 
attempting to correlate fluid intake and output in 
this condition, but call attention to the fact that 
no sharp and significant rise in urine flow was 
ever induced even though the patients were not 
thirsty and were excreting urine at rates below 
the known capacity of their kidneys to do so. If 
it be argued that the diabetes insipidus patient is 
pol3'uric because he lacks pitressin then some ac- 
cessory mechanism of water control must be 


postulated to account for his capacity to retain 
extra water for a period of at least 8 hours, even 
in the absence of demonstrable cardiorenal dis- 
ease. We are therefore unable to confirm Ver- 
ney’s claim that water diuresis is less delayed in 
diabetes insipidus than in the normal since our 
patients exhibited no clear-cut renal response to 
ingested water. On the contrary, it appears that 
the relative urine volume response of the diabetes 
insipidus individual to ingested water resembles 
that of the normal subject to the ingestion of iso- 
tonic saline. It is not claimed, of course, that this 
phenomenon is exhibited by every subject with 
the disease, for Leschke’s patient (20) did excrete 
an extra 1.5 liters of water in 4 hours. Marx 
(26), however, has noted that his patients ex- 
creted only 20 to 30 per cent of excess water 
within 4 hours. 

CONCLUSIONS 

1. In confirmation of previous work the oral 
administration of water to normal individuals 
produces only a slight hydremia, but a definite 
dilution of blood electrolytes. After an average 
lag of about 35 minutes diuresis reaches its height. 

2. Oral administration of water to individuals 
with diabetes insipidus, under conditions which 
should permit an increase in urine output, results 
in similar blood changes, but in a small and greatly 
prolonged renal response. 
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From the observations of Bergstrand (1) and 
others (2, 3, 4) it has become an establislied fact 
that some cases of chronic renal insufficiency are 
accompanied by enlargement of the parathyroid 
glands. The condition was well exemplified b}' a 
case recently studied at the iMassachusetts Gen- 
eral Hospital in which chronic glomerular nephri- 
tis had existed for more than twenty 3 'ears, and 
in which necropsj’- revealed tremendous enlarge- 
ment of all parathyroid glands (5). 

The question as to the cause of the parathyroid 
enlargement arises. It was suggested bj^ Al- 
bright, Baird, Cope and Bloomberg (6) that the 
phosphate retention in chronic renal insufficiency 
might be the determining factor. When the blood 
phosphate level is raised by intravenous phosphate 
administration, hypocalcemia and tetan}' ensue 
(7). It seemed not unlikelj' that either hyper- 
phosphatemia or the resulting hypocalcemia might 
be a stimulus to parath 3 'roid l^'perplasia. The 
present investigations were undertaken to deter- 
mine the effect of administration of parenteral 
phosphate on the parathyroid glands of rabbits. 

METHOD 

The animal selected was the rabbit because the 
veins are easily accessible, and the inferior para- 
thyroids are readily identifiable. These rabbits 
were fed the ordinar 3 ’^ laboratory diet of oats, car- 
rots, and ha 3 C Most of the animals had been used 
from one to several weeks previousl 3 ^ for the 
Friedman modification of the Aschheim-Zondek 
test (8), but several males and previousl 3 ' unused 
females were included in the control and experi- 
mental groups. 

For injection, a buffered solution of sodium 
phosphate was jmepared. The stock solution was 
made up as follows. 


' This iiivesfigation was made possible by a grant from 
the Proctor Fund of the Harvard Medical School. 


NaFLPO, 160 grams 

NaOH 2.5 N 410 cc. 

Distilled water up to 850 cc. 


Then 43.93 cc. of this concentrated solution was 
diluted to 500 cc. with distilled water producing a 
solution of pH 7.3 isotonic with the blood, and 
containing 25 mgm. of inorganic phosphorus per 
10 cc. The solution was prepared in chemically 
clean glassware and, after autoclaving, was kept 
in a refrigerator to prevent grotvth of possible 
contaminants, especialty molds. 

In most cases the animals were injected three 
times a day intravenousl 3 b the quantit 3 ’^ usuallj' 
being 10 cc. (=25 mgm. P) each time. Some of 
the rabbits were given additional subcutaneous in- 
jections in 10 cc. doses. At varying intervals the 
animals were sacrificed and autopsied. This in- 
cluded the removal and immediate weighing on a 
micro balance of the inferior parath 3 Hoid glands. 

TABLE I 


Experimental group 


Kabbit 

Weiglit 

Weight 
of inferior 
para- 
thyroids 

Number 

Number of injections 

serial 

number 

of days 
injected 

Intra- 

venous 

Subcu- 

taneous 

Total 

902 

kgm. 

1.8 

mgm. 

22 

108 

324 

215 

539 

746 

2.5 

45 

SO 

240 

32 

272 

903 

1.9 

23 

56 

168 

59 

227 

835 

2.5 

35 

54 

162 

53 

215 

707 

1.6 

35 

49 

147 

0 

147 

643 

2.55 

* ! 

33 

99 

0 

99 

829 

2.5 

25 

28 

84 

5 

89 

683 

2.0 

24 

22 

66 

0 

66 

7 1 

1.85 

7 

21 

63 

63 

126 

1 

1.55 

9 

20 

60 

60 

120 

837 

1.7 

18 

17 

51 

0 

51 

901 

2.15 

14 

16 

48 

0 

48 

602 

2.1 

* 

15 

45 

0 

45 

11 

1.8 

7 

8 

24 

24 

48 

987 

2.1 

11 

7 

21 

21 

42 

991 

2.1 

13 

7 

21 

21 

42 

1000 

1.9 

10 

7 

21 

21 

42 

738 

2.0 

25 

2 

6 

0 

6 

710 

2.25 

17.5 

I 

4 

0 

4 


A\'ernge 20 j 


' 




* Hyperplasia (not'weiglied). 
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The superior pair were disregarded because they 
are usually small and are buried within the sub- 
stance of the thyroid gland. 

RESULTS 

Tables I and II indicate the results obtained in 
the experimental and control groups. 

TABLE II 


Control group 


Rabbit 

serial 

number 

Weight 

Weicht 
of inferior 
inrathyroids 

Number of days 
in our 

animal farm 


kgm. 

mgm* 


905 

2.8 

20 

110 

978 

2,2 

10 

: 21-i- 

892 

2.1 

7 

? 

C 

2.0 

S 

lO-b 

10 

2.0 

19 

9 

907 

2.0 

7 

? 

898 

2.0 

12 

? 

992 

1.95 

12 

21-f 

900 

1.9 

21.4 

23 -f 

995 

1.85 

12 

46-\- 

A 

1.8 

8 

30 

E 

1.75 

12.S 

? 

946 

1.75 

23 

4+ 

B 

1.7 

7 

60 

12 

1.7 

6 

IS 

D 

1.65 

12.5 

? 

883 

1.6 

17 

13 -f 

915 

1.45 

14.8 

3+ 

837 

? 

18 

2+ 


Average 13 



There were 19 rabbits in each series which 
would seem to be enough to permit of valid con- 
clusions. The average weight of the animals was 
approximately 2 kilograms. Normally there is no 
correlation between the weight of the animal and 
the combined weight of the inferior parathyroids. 

The glands of the injected group averaged more 
than 50 per cent heavier than those of the control 
animals, and this figure would be considerably 
higher if only those animals injected over three 
weeks were included. The heaviest glands in the 
experimental group weighed about twice the max- 
imum observed in the control group. 

HISTOLOGICAL STUDIES 

Microscopic studies of the glands leave no 
doubt as to the effect of the phosphate injections 
on the parathyroids of the experimental group. 
The slides of both the control and experimental 
animals were mixed together and one of us 
(B. C.) was able to differentiate between the tivo 


groups in 80 per cent of the cases. Difficulty in 
recognizing hyperplasia was encountered in only 
a few cases — ^those injected for 7 to 8 days. The 
rabbit injected for one day (Number 710) showed 
definite hyperplasia in three-fourths of the gland ; 
Number 738, injected for two days, showed gen- 
eralized hyperplasia. 

The normal rabbit parathyroid (Figure 1) is 
composed predominately of chief cells veiy loosely 
grouped together. The intervening stroma gives 
the impression of being slightly edematous and 
quite vascular. There is no definite architecture 
although in some places there is a slight tendency 
to pseudo-acinar arrangement around small blood 
vessels. The striking feature to keep in mind is 
the looseness of structure and the relative non- 
apposition or non-contiguity of cells. In addi- 
tion, there are occasional single oxyphil cells. 

In sharp contrast the parathyroid gland in the 
experimental group (Figure 2) shows a definite 
increase in the number of chief cells. The loose 
architecture has disappeared. The edematous ap- 
pearing non-cellular areas are filled in with appar- 
ently newly formed parathyroid cells. The blood 
vessel walls, except for the large vessels, have 
been compressed by this increased cellularity so 
that they appear as narrow channels, and all tend- 
ency to acinar arrangement has been obliterated. 
The appearance is that of a veiy densely packed 
mass of cells. Measurements of the size of the 
cells show practically no increase over the normal, 
so the process is one of hyperplasia rather than 
hypertrophy. A very occasional mitotic figure is 
seen and almost no oxyphil cells are found. 

Microscopic and x-ray examination of the 
bones shows no difference between the two groups, 
and there is no evidence of a rachitic process that 
might produce a secondaiy parathyroid hyper- 
plasia. The kidneys and other organs appeared 
normal. 

SUMMARY AND CONCLUSIONS 

1, The average weight of the inferior pair of 
parathyroid glands of 19 control rabbits was 13 
mgm. ; the corresponding figure for 19 rabbits 
which had received injections of parenteral phos- 
phate three times daily for 1 to 108 days was 
20 mgm. 

2. The parathyroid glands of the injected ani- 
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mals showed definite histological evidence of hy- 
perplasia. 

3. The findings support the hypothesis that 
phosphate retention is the cause of the parathy- 
roid hyperplasia in cases of chronic renal insufli- 
cicncy; it will require further studies to show 
whether the hyperphosphatemia causes the hyper- 
plasia directly, or indirectly by producing a hypo- 
calcemia. 

Acknowledgment is made of assistance by Dr. Hirsh 
W. Sulkowitch in calculating the formula for a proper 
phosphate solution, and to Dr. Tracy B, Mallory for 
preparation of the photomicrographs. 
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PROGNOSTIC VALUE OF THE PRECIPITIN TEST IN 
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The occurrence of soluble specific substance of 
N. intracellularis in the spinal fluid in cases of 
meningococcus meningitis has been demonstrated 
by the precipitin reaction, but there is no record 
of an effort to correlate this reaction with the clin- 
ical severity or with the outcome of specific treat- 
ment of the disease in man. A review of reports 
of investigations carried out on the precipitin test 
is given by Rake (1); subsequently Maegraith 
(2) published additional data. 

An epidemic of meningococcus meningitis in 
Baltimore ^ provided an opportunity for study of 
the spinal fluid in 69 cases. Antimeningococcus 
serum was administered intrathecally at least once 
in 24 hours until 2 negative cultures were ob- 
tained. Where there was an obvious invasion of 
the blood stream, serum was also used intra- 
venously. In an effort to evaluate the severity of 
each case, the following determinations were made 
on the first spinal fluid withdrawn from each pa- 
tient after admission to the hospital and before 
serum had been given : the spinal fluid cell count, 
sugar content, degree of phagocytosis and a rough 
estimation of the number of organisms present. 
The precipitin test was used in an attempt to esti- 
mate its value in rapid typing of the organisms. 
Early in the study, it became apparent that the 
intensity of the precipitin reaction was of prog- 
nostic value. It is with this specific problem that 
the present report will deal. 

The technique used for the precipitin test was 
that of the ring test carried out in tubes of small 
diameter in which centrifuged spinal fluid is care- 
fully layered on type specific precipitin sera (1). 
A rough quantitative estimation of the amount of 
specific soluble substance by the quantity of pre- 

^ The author wishes to express appreciation and in- 
debtedness to Dr. Huntington Williams, Dr. Mj-ron Tull, 
and Dr. Francis F. Schwentker of the Baltimore City 
Health Department who provided the opportunity of 
studying the epidemic. 


cipitate formed at the interface of spinal fluid and 
serum was found unsatisfactory.^ The time of 
appearance of the ring gave a more objective re- 
sult. Readings were therefore made on the first 
spinal fluid 10 minutes and 1 hour following the 
setting up of the test. The sera of all cases show- 
ing negative tests at 1 hour were retested after 
exposure to room temperature for 48 hours and 
many after incubation at 37° C. for 24 hours. 
These observations will be published in a separate 
report (3). Only the 10-minute reading will be 
discussed here. The cases have been divided into 
precipitin positive and precipitin negative groups 
according to the result within this period. 


TABLE I 

Correlation between the time of appearance of the positive 
precipitin test and the final outcome of the case 


Precipitin test» 10 minutes 

Fatal cases 

Recovered cases 


Number 

Per cent 

Number 

Per cent 

Positive 

17 

77.3 

5 

22.7 

Negative 

2 

4.3 

45 

95.7 


Of the 22 cases showing a positive precipitin 
test within 10 minutes, 17 or 77 per cent were 
fatal (Table I). Four of the 5 cases which re- 
covered in this group were more resistant to se- 
rum therapy than the majority of cases in the 
negative precipitin group, 4 days or more being 
required before the spinal fluid became sterile. 
One of these showed residual bilateral deafness 
and another returned 2 months later with a recur- 
rence of meningitis. Forty-seven cases gave 
negative precipitin tests at the end of 10 minutes. 
Only Uvo of these, 4 per cent, were fatal, both of 
them of the fulminating septicemic type with mild 

- Type specific antimeningococcus sera with wliich tlie 
precipitin tests were carried out were obtained from the 
Rockefeller Institute through tlie courtesy of Doctor 
Geoffrey Rake. 
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TABLE II 


Observations on spinal fluid of fatal cases 


Case 

Age 

Precipitin test 

Direct smear 

Quali- 

tative 

sugar 

Original 

spinal 

fluid 

leukocyte 

count 

Spinal 

fluid 

culture 

Length of 
illness 
prior to 
admission 

Days to 
sterilize 
spinal 
fluid 

10 

minutes 

1 

hour 

H. D... 

M. R... 

C. J.... 

M. S. . . 

B. S.... 
J. C... 

A. G.. . 

C. H.. . 

L. H.. . 

A. S.... 

E. H.. . 

G. R.. . 

A. H... 

C. B.. . 

J. R.... 

A.B.... 

S. B.... 

Ge. B.. 

S. S.... 

2 yrs. 

3 yrs. 

6 yrs. 

17 yrs. 

18 yrs. 
18 yrs. 

18 yrs. 

18 yrs. 

19 yrs. 

22 yrs. 

23 yrs. 

25 yrs. 

30 yrs. 

37 yrs. 

39 yrs. 

42 yrs. 

48 yrs. 

20 mos. 

21 yrs. 

+ 

+ + 

+++4- 

+-1- + 

++ + 
+++-1- 

+4-4- 

+ 

++++ 

+++ + 

+++ 

+++ 

++ 

++++ 

+ 

++++ 

++ + + 

0 

0 

0 

0 

Many organisms, equally extracellular and 
intracellular 

Moderate number of organisms, mostly 
intracellular 

Many organisms, mostly intracellular 

Loaded with organisms, phagocytosis 
excellent 

Many organisms, mostly intracellular 

Had appearance of cultural smear 

Many organisms, equally extracellular and 
intracellular 

Many organisms, mostly intracellular 

Many organisms, mostly intracellular 

Moderate number of organisms, mostly 
extracellular 

Many organisms, mostly intracellular 

Moderate number of organisms, mostly 
intracellular 

Loaded with organisms, mostly intra- 
cellular 

Many organisms, equally extracellular and 
intracellular 

Very occasional intracellular organisms 

Had appearance of cultural smear 

Many organisms, mostly intracellular 

Very occasional organisms, mostly 
intracellular 

No organisms found 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Trace 

0 

0 

Frace 

+ 

5,300 

11,000 

1,690 

16,000 

40.000 
800 

16,400 

36.000 

9,600 

400 

6,700 

12,600 

6,200 

6,080 

8,800 

1,060 

10,400 

4,600 

28 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

24 hours 

24 hours 

24 hours 

“several 
days” 
48 hours 
12 hours 

8 hours 

48 hours 

48 hours 

3 days 

48 hours 

3 days 

8 days 

24 hours 

48 hours 

24 hours 

48 hours 

24 hours 

24 hours 

Not ster- 
ilized 

1 

Not ster- 
ilized 
Not ster- 
ilized 
* 

Not ster- 
ilized 
Not ster- 
ilized 
Not ster- 
ilized 
Not ster- 
ilized 
Not ster- 
ilized 
Not ster- 
ilized 

2 

1 

1 

Not ster- 
ilized 

Not ster- 
ilized 

Not ster- 
ilized 

1 

1 


* Patient died shortly after admission. 


meningitis. In general, it appears that the rapid- 
ity of appearance of the precipitin reaction is 
closely correlated with the severity of the infec- 
tion of the meninges. 

In Tables II and III other objective observa- 
tions made on the spinal fluids are compared with 
the precipitin results in an effort to assess the 
prognostic value of each. 

The number of organisms present yielded some 
information of prognostic value. Twenty-one of 
the 22 cases which gave a positive precipitin test 
in 10 minutes showed a large number of organ- 
isms on stained smears of the spinal fluid sedi- 
ment. In the group of 47 precipitin negative 
cases, 16 showed an equally severe infection when 
• ’ ’ "his rough method. It is more sig- 


nificant that all patients in whom the organisms 
were rare or absent fell in the negative precipitin 
group and recovered, with the exceptions of Ge. B. 
and S. S. where death was the result of obvious 
invasion of the blood stream. This correlation 
with the number of organisms present is at best 
only a rough approximation as neither the time of 
centrifuging of the spinal fluid nor the amount 
used was kept constant. It has been found that 
even when plate counts are made on the spinal 
fluid the number of organisms varies in different 
portions withdrawn at one puncture (4). Al- 
though the estimation of the number of organisms 
by this crude method is a matter of routine prac- 
tice in many clinical laboratories, it obviously fails 
to provide as accurate a determination of the 
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iverity of the meningeal infection as does the 
me of appearance of the precipitin test. 

The qualitative sugar determination and the cell 
Dunt on the first spinal fluid were found to be of 

0 prognostic significance. However, the increase 

1 sugar content and the decrease in cell count of 
ubsequent samples were a significant index of 
esponse to therapy. With the exception of two 
atients, A. B. and J. C., where the overwhelming 
neningeal infection produced a very slight cellu- 
ir reaction, the degree of phagocytosis was of no 
-alue in estimating the severity of infection. 

Table IV is the result of an attempt to analyze 
he duration of infection for evidence of correla- 
ion with the intensity of the precipitin test in the 
J groups. It is clear that in the cases studied 


there is no indication that the duration of infec- 
tion plays a significant role in the intensity of the 
precipitin reaction, and it must therefore be con- 
cluded either that the more virulent the strain the 
greater the amount of specific soluble substance 
produced, or that the quantity depends upon the 
number of organisms present. This latter must 
be governed by a host-parasite relationship which 
is another expression of the virulence. It is dear 
that primarily the amount of type specific sub- 
stance in the spinal fluid depends on the number 
of organisms undergoing lysis. It is, however, 
possible as some in vitro experiments have sug- 
gested (5, 6) , that a correlation exists between the 
virulence of the strain and the amount of type 
specific substance in the antigenic complex. The 


TABLE ni 


Observations on spinal fluid of recovered cases 




Precipitin test 


Quali' 

1 

' Original 
' spinal 

1 

. Spinal 1 

Length of 
illness 
prior to 
admission 

Days to 
stcr- 

Case 

Age 

10 

minutes 

1 hour 

Direct smear 

tative 

sugar 

fluid 

leukocyte 

count 

fluid 1 
culture 1 

ilize 

spinal 

fluid 

E. H... 

18 mos. 



Loaded with organisms, equally extra- 
cellular and intracellular 

0 

4,700 

+ 

3 days 

4 

G. M... 

19 yrs. 


++ 

Many organisms, mostly intracellular 

0 

■KXtlllll 

+ 

24 hours 

5 

J. B.... 

20 yrs. 



Many organisms, mostly intracellular 

0 

■•llAlMll 

4- 

48 hours 

4 

G. B.. . 

22 yrs. 



Moderate number of organisms, mostly 
intracellular 

0 


+ 1 

i 

3 days 

3 

L. F.... 

37jts. 

+ + + + 


Many organisms, mostly intracellular 

0 

6,000 

•i- 1 

5 days 

6 

M. P.. . 

5 mos. 

0 

Trace 

Loaded with organisms, equally extra- 
cellular and intracellular 

0 

5,500 

+ 

3 days 

1 

E. J.... 

3 yrs. 

0 

+ + 

Many organisms, mostly intracellular 

0 

18,000 

-f- 

4 days 

1 

1. J.... 

4 yrs. 

0 

Trace 

Loaded with organisms, phagocytosis 
fair 

Loaded with organisms, mostly intra- 
cellular 

0 

7,600 

+ 

24 hours 

1 

M. L... 

4 yrs. 

0 

Trace 

+ 

4,000 

+ i 

1 

24 hours 

2 

C. M... 

9 yrs. 

0 

-h 

Occasional organisms, mostly intra- 
cellular 

Moderate number of organisms, mostly 
intracellular 

0 

3,600 


5 days 

1 

J.V.... 

14 yrs. 

0 

Trace 

0 

26,600 

+ 

24 hours 

1 

J.G.... 

14 yrs. 

0 


Loaded with organisms, mostly intra- 
cellular 

0 

11,000 

+ 

1 

48 hours 

1 

W. C.. . 

16 yrs. 

0 

+ 

Many organisms, equally extracellular 
and intracellular 

0 

14,000 

+ 

24 hours 

1 

L. b.. . . 

19 yrs. 

0 

+ 

Organisms difficult to find 

0 

5,760 

-f- 

5 days 

1 

A. M.. . 

26 yrs. 

0 

+ 

Moderate number of organisms, mostly 
intracellular 

0 1 

i 

17,200 

+ 

i 

24 hours 

1 

F.B.... 

29 yrs. 

0 

+ 

Occasional organisms, equally extra- 
cellular and intracellular 

0 

16,800 

+ 

5 days 

9 

A. 0.. . 

29 yrs. 

0 

4- 

Many organisms, mostly extracellular 

0 

7,400 

+ 1 

4 days 

1 

A. C. , . 

36 yrs. 

0 

Trace 

Few organisms, mostly intracellular 

0 

30,100 

+ 1 

48 hours 

1 

G. S.... 

38 yrs. 

0 

+ + 

No organisms seen 

0 

5,400 ' 

-b ' 

4 days 

7 

F. S.. . . 

52 yrs. 

0 

+ + 

Many organisms, mostly intracellular 

0 

25,600 

4“ ! 

24 hours 

2 

H. L... . , 

11 mos 

0 

0 

Occasional organisms, mostly intra- 
cellular 

Many organisms, mostly intracellular 

+ 

5,200 1 

4" 

24 hours 

1 


. 20 mos 

0 

0 

0 

4,800 

4~ 

24 hours 

2 

Gr. B.. 

3 yrs. 

0 

0 

Very occasional organisms, mostly intra- 
cellular 

0 

70 

+ 

24 hours 

1 

R. H.. , 

. 4 yrs. 

0 

0 

Occasional organisms, equally extra- 
cellular and intracellular 

0 

3,400 

+ 

48 hours 

1 
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TABLE III — Coitlinucd 


Case 

Age 

Precipitin test 

10 

minutes 

1 hour 

N. B.. . 

4 yrs. 

0 

0 

J. J.... 

6 yrs. 

0 

0 

W. B.. . 

6 yrs. 

0 

0 

D. L.. . 

6 yrs. 

0 

0 

E. W... 

6 yrs. 

0 

0 

L. P.... 

7 yrs. 

0 

0 

A. D.. . 

9 j'rs. 

0 

0 

A. Z.... 

11 yrs. 

0 

0 

H. P.. . 

11 yrs. 

0 

0 

Se. B... 

12 yrs. 

0 

0 

P. M... 

13 yrs. 

0 

0 

C. U.. . 

13 yrs. 

0 

0 


14 yrs. 

0 

0 

W. L... 

IS yrs. 

0 

0 

A.J.... 

15 jn-s. 

0 

0 

A. P.... 

16 yrs. 

0 

0 

V. B.. . 

16 yrs. 

0 

0 

An. H. . 

17 yrs. 

0 

0 

B. D.. . 

23 yrs. 

0 

0 

G. C.. . 

23 yrs. 

0 

0 

W. G... 

24 yrs. 

0 

0 

A. K.. . 

26 yrs. 

0 

0 

A. N.. . 

30 yrs. 

0 

0 

F. P.... 

30 yrs. 

0 

0 

C. K... 

39 yrs. 

0 

0 

V. S.... 

45 yrs. 

0 

0 


Direct smear 


intracellular 

Few organisms, mostly intracellular 
Rare degenerated organisms, all int 
cellular 

No organisms found 
No organisms found 
No orpnisms found 
Occasional organisms, mostly extra- 
cellular 

No organisms found 
Occasional organisms, mostly ext 
cellular 

No organisms found 
Loaded with organisms, mostly inti 
cellular 

Many organisms, mostly intracellular 
Occasional organisms, mostly intra- 
cellular 

Moderate number of organisms, equally 
extracellular and intracellular 
No organisms seen 

Very occasional degenerated intracellular 
organisms 

Rare organisms, mostly intracellular 
Moderate number of organisms, mostly 
intracellular 

Very occasional degenerated intracellular 
organisms 

Rare organisms, mostly intracellular 
Very occasional degenerated intracellular 
organisms 

Rare intracellular organisms 
Many organisms, mostly extracellular 
Rare intracellular organisms 
No organisms found 

Moderate number of organisms, mostly 
intracellular 


Quali- 

tative 

sugar 

Original 

spinal 

fluid 

ieukocyt 

count 

Spinal 

fluid 

culture 

Length ol 
illness 
prior to 
admission 

Days to 
ster- 
iiize 
spinal 
fluid 

i + 

250 

+ 

24 hours 

1 

0 

5,200 

+ 

6 days 

1 

0 

14,000 

0 

24 hours 

+ 

1,100 

+ 

12 hours 

2 

Trace 

3,200 

0 

24 hours 


Trace 

1,000 

0 

24 hours 


0 

4,200 

+ 

6 days 

1 

Trace 

40,000 

0 

3 days 


+ 

144 

+ 

8 hours 

1 

0 

4,000 

+ 

24 hours 

1 

0 

11,000 

+ 

4 days 

4 

0 

8,800 

+ 

24 hours 

1 

0 

12,000 

+ 

24 hours 

1 

0 

4,800 

+ 

24 hours 

1 

+ 

2,400 

No real 
growth* 

3 days 


+ 

3,700 

0 

5 days 


0 

6,600 

-H 

48 hours 

1 

0 

2,840 

+ 

2 days 

3 

0 

10,800 

No real 
groivth* 

24 hours 


0 

2,800 

+ 

10 days 

1 

0 

1,400 

+ 

10 days 

1 

0 

5,400 

+ 

48 hours 

1 

0 

6,000 

-h 

5 days 

1 

Trace 

4,500 

+ 

48 hours 

1 

0 

3,200 

0 

24 hours 


0 

14,400 

+ 

3 days 

1 


' Organisms seen on microscopic smear, failed to grow on second transplant. 


TABLE IV 

Duration of infection at time of admission in precipitin 
positive and precipitin negative groups 


Precipitin test, 

10 minutes 

24 hours 
or less 

i 

48 

hours 

3 days 

4 days 

S days 
or more 

Total 

cases 

Positive 

8 

7 

4 

0 

3 

22 

Negative 

23 

1 

7 

4 

4 

9 

47 


comparison of virulence of strains from the pre- 
cipitin positive and precipitin negative cases will 
be reported at a later date. 

SUMMARY 

In the study of spinal fluid of 69 cases of me- 
ningococcus meningitis prior to treatment, it was 


concluded that of the following determinations, 
spinal fluid cell count, sugar content, degree of 
phagocytosis, a rough estimation of the number 
of organisms present, and the time of appearance 
of the positive precipitin test, the last gave the best 
indication of the severity of the meningeal infec- 
tion. When the cases were divided into positive 
and negative groups on the basis of the result of 
the precipitin test at the end of 10 minutes, it was 
found that 77 per cent of the 22 positive cases and 
4 per cent of the 47 negative cases were fatal. 
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The problem of freezing will be considered 
from two standpoints: first, the local lesion and 
the therapeutic management of the frozen mem- 
ber, and second, the general effects of freezing 
including the possible presence of secondary shock 
and depression of the general body temperature. 
The literature on freezing as compared with bums 
is not very extensive. This may be accounted for 
by the fact that burns are caused by agents of 
ciwlization, while freezing usually occurs in out- 
of-the-way places. It is thus essentially indige- 
nous to localities where medical attention is scant, 
and except for such rare instances as Beaumont 
(and Dafoe), empiric rather than physiological 
observations are made. 

Local treatment of a frozen member 

One item in the conventional treatment of 
frozen limbs is the vertical suspension of the limb, 
especially as practiced by Bergmann (1), Konig 
(1) and Selenkoff (1), and discussed by Douglas 
(3). These authors thought that the viability of 
the limb is aided by this method. No experi- 
ments were performed to test this conclusion. It 
is possible that one of the factors in frost-gan- 
grene is the compression of the vessels by local 
swelling, and this could conceivably be aided by 
vertical suspension. It is interesting to note, 
however, that vertical suspension is contraindi- 
cated in most other forms of impending gangrene 
as was pointed out by Barney Brooks (4) and 
others. 

A second method in the accepted treatment of 
freezing is the use of multiple incisions, as applied 
by Bundschuh (5) and Wittek (6) in 1915. 
These incisions probably are of value in reducing 
the local swelling with its resultant pressure on 
vessels and hence are of value to the viability of 
the limb. It is to be remembered, however, that 
the escape of this fluid, while it may be of benefit 
to the limb, may be a menace to the life of the 
organism as a whole when severe shock is present. 


No experiments were performed to test the effi- 
cacy of the incision treatment. 

Effects of gradual and rapid thawing of frozen 
tissues 

One of the original purposes of the present 
work was to test the time-honored conception that 
a frozen limb must not be thawed out too quickly. 
No satisfactory physiological support for this em- 
pirically adopted custom has been offered. Some 
observers attribute the danger of sudden thawing 
to the release of thrombi. Nagelsbach (7) states, 
however, that he finds neither clinical nor experi- 
mental support for this view and that during the 
World War, the surgeons who adopted the prac- 
tice of heating frozen limbs as rapidly as possible 
had at least no poorer results than the others. 

In our experiments, both hind limbs of thor- 
oughly anesthetized dogs were frozen stiff by the 
application of solid carbon dioxide. The legs 
were not dissected to determine the depth of this 
freezing, but the joints would not bend and it was 
believed the legs were frozen entirely through. 
Then one limb was placed in water at 42° C. for 
about 20 minutes when thawing was complete and 
the other in ice water at about 2 to 12° C. for an 
hour at the end of which time it too had thawed. 
In the ensuing 18 hours the subsequent behavior 
of the limbs including reactive hyperemia, restora- 
tion of circulation, and secondary swelling was 
identical. 

Both ears of thoroughly anesthetized rabbits 
were similarly frozen. The amount of freezing 
was enough so that when thawing was done at 
room temperature about one-third of the ears 
would become gangrenous during the next ten 
days. In a series of eight rabbits one ear was 
thawed at 38° C. and the other at 2° C. over a 
period of ten minutes and the ears observed over 
a period of more than a month. The amount of 
swelling and subsequent gangrene was essentially 
similar on the two sides. If anything, the ears 
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that were thawed in ice water showed a trace 
more gangrene. 

Relative effects of free::ing by different 
methods 

Freezing may occur from exposure to cold air, 
ice and snow, brine ( — 40° C.), liquid air 
( — 140° C.), solid carbon dioxide ( — 79° C.) 
and ethyl chloride. Changes observed clinically 
following these various types of injury are essen- 
tially similar and include freezing of the part fol- 
lowed by reactive hyperemia, edema, bleb forma- 
tion, and in some cases gangrene. All of the ex- 
periments reported in this paper were performed 
using solid carbon dioxide. The clinical simi- 
larity between all types of freezing may be an an- 
swer to those who, noting the resemblance be- 
tween solid carbon dioxide freezing and burns, 
apply a posteriori reasoning and infer that the 
carbon dioxide produces a burn. 

Insulating effects of living tissues 

Thermometers were placed in the axillae of 4 
dogs, and solid carbon dioxide applied to the sur- 
face over the buried thermometer. The average 
drop in temperature in the first minute was 1 1 ° C. 
when the thermometer was placed subcutaneously, 
and only 0.2° C. per minute over the first 10 min- 
ute period when the thermometer was placed 2 cm. 
below the surface. In all instances the skin be- 
came solidly frozen before the deep thermometric 
reading had fallen more than a degree. In one 
instance at a depth of 2 cm. it took 17 minutes 
and in another 7 minutes for the local tempera- 
ture to drop 10° C. (a 10 cm. cube of solid car- 
bon dioxide being pressed tightly against the 
shaved skin). If the measuring thermometer 
was placed subcutaneously, about 2 minutes’ ap- 
plication was necessary to produce a drop in tem- 
perature of 10° C. in this particular animal. It 
was found that living tissue was a much better 
insulator than dead tissue. 

General changes in body temperature following 
local freezing 

In animals in which portions of one lateral half 
of the body were frozen, the rectal temperature 
was recorded. In animals in which both hind 
limbs were frozen, the body temperature was de- 


termined by inserting a thermometer deep into 
the muscles through the tracheotomy wound. All 
of the dogs showed a slight fall in body tempera- 
ture, but only five fell below 30° C. The lowest 
temperature recorded was 24.1° C. (75.4° F.), 
two hours and forty minutes after beginning the 
application of ice. Three hours later it had risen 
to 35° C. (95° F.), but fell to 32.1° C. (89.8° F.) 
three hours later at which time the dog was bled 
to death in order to observe the effect on bleeding 
volume (see below). Temperatures in the other 
four animals reached low levels, 25.7° C. (78° F.) 
16 hours before death, 25.6° C. (78° F.) six 
hours before death by bleeding, 27° C. (80.6° F.) 
three hours before death, and 24.7° C. (76.5° F.) 
one hour before death by bleeding. The course 
of the temperature readings in four of these ani- 
mals is shown in Figure 1. 

Reincke (8) in 1875 reported a very interest- 
ing series from Hamburg, of 17 drunken men ex- 
posed to extreme cold while intoxicated. On ad- 
mission to the hospital all 17 had markedly low- 
ered rectal temperatures. All of the 12 patients 
with temperatures that did not fall below 30° C. 
(86° F.) recovered. Five patients had tempera- 
tures that went below 30° C., two of whom re- 
covered. One patient had a temperature of 
28.4° C. (83.1° F.) 8 hours before death. An- 
other had a temperature of 30° C. (86° F.) and 
recovered. Another case had 27° C. (80.6° F.) 
wdth death 13 hours later. The most striking 
case in Reincke’s series, however, was that of a 
34 year old laborer who was admitted with a 
temperature of 24° C. (75.2° F.). Four hours 
later the temperature was only 27.4°, 10 hours 
later only 32.6, 23 hours later 37.8° C., and on 
the following day he was discharged completely 
well. This is the lowest known recorded tem- 
perature in a human being with recovery. Son- 
nenburg and Tschmarke (2) have collected re- 
ports of other instances of hypothermia. 

Although dogs are perhaps somewhat more 
poikilothennic than human beings, the tempera- 
ture of 24.1° C. (75.4° F.) in one of our dogs 
six hours before death by bleeding is of interest. 
One of the writers (H. N. H.) has seen a case of 
enormous hydrocephalus (head 75 cm. in circum- 
ference) in a child aged 8 months in which the 
rectal temperature on admission was 36.7 C. 
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Fig. 1. Temperature Changes in Freezing 

Dogs 3, S, and 7 were bled at the termination of the experiment; Dog 8 died. The freezing was induced by 
application of solid carbon dioxide to the posterior portion of the body, and the temperatures are taken by a 
thermometer inserted deep into the muscles of the neck and chest. The freezing was usually done over a period 
of one to two hours. 


(98° F.), the next day was 27.5° C. (81° F.) 
over a four hour period, the third day was 28.0° 
C. (82° F.) and then rose gradually to 36.6° C. 
(98° F.) six days after admission when death oc- 
curred following spontaneous rupture of the 
hydrocephalus. Among the lower animals, ref- 
erences are made to transition stages between the 
poikilothermic condition of the cold-blooded ani- 
mals and the homothermic state of the higher 
mammals and birds, in which a constant body 
temperature is maintained in spite of wide fluctua- 
tions in the temperature of the environment. 
Baldwin (9) has shown that reptiles are not com- 
pletely cold-blooded. The classic observations of 


Kredel (10) on the variations of a representative 
of the lower mammals, the three-toed sloth, 
Bradypus cuculliger cuculliger Wagler, are of 
great fundamental importance. This author has 
carefully recorded the temperature variations of 
this animal and has shown that the temperature 
of the air is the chief factor in determining that 
of the sloth. Some primitive heat regulation 
comes from within, however. 

These experiments are of interest in showing 
that even in the higher mammals the internal 
regulation of general body temperature may not 
entirely control the situation under great stress. 
This applies equally well to other body functions. 
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for example the pH of the blood serum. This 
was fomierly thought to remain quite constantly 
at 7.40 but has been shown to fall to as low as 
6.12 under certain temporary conditions (19). 


blood concentration began almost immediately 
after the freezing and were present long before 
the blood pressure had fallen markedly. It is 
seen from Table I that in all animals there was an 


Secondary shock in freezing 

It has been shown (11, 12, 13) that in burns 
there is a niai*ked loss of blood plasma-like fluid 
from the drculating blood stream into the burned 
tissues. This plasma loss is associated with a 
marked blood concentration, fall in blood pres- 
sure, lowered bleeding volume and changes sug- 
gestive of secondaiy shock. No reports of shock 
in freezing were found in the literature, and it 
was thought advisable to test whether freezing 
and burning might not produce similar changes. 
With this in mind the experiments discussed in 
the following sections were performed. 


1. Changes in concentration of blood 

In shock in human beings resulting from severe 
bums, Underhill et al. (14) found that hemo- 
globin readings as high as 209 per cent indicated 
a marked blood concentration. Blalock (11) 
found that in experimental burns the hemoglobin 
may rise to 130 per cent. One of the writers 
(13) found that in experimental burns the hemo- 
globin may rise to as high as 162 per cent (Sahli : 
17 grams per 100 cc. = 100 per cent) and the 
hematocrit reading to 72 per cent. 

Since blood concentration is a regular accom- 
paniment of shock due to burns, it was thought 
that a similar blood concentration might be pres- 
ent in shock due to freezing. Solid carbon di- 
oxide was applied to about one-fourth of the body 
surface of 10 completely anesthetized dogs and 
left in place for about an hour, at the end of 
which time the underlying tissues were deeply 
frozen. Frequent blood pressure readings, hemo- 
globin percentages and hematocrit readings were 
determined. The blood pressure was obtained 
by placing in the carotid artery a cannula which 
was connected to a mercury manometer. Hemo- 
globin determinations were made by the Sahh 
method and hematocrit readings with the Van 

Allen hematocrit. ^ oa 

Results. Usually at the end of about 18 to 24 

hours the blood pressure fell rather rapidly to an 
average of about 80 mm. Hg. The changes m 


TABLE I 


Changes in blood concentration in shock dm to freezing (the 
figures recorded after freezing indicate the highest 
readings in each experiment) 


Experiment 

j Hemoglobin | 

Hematocrit 

Control 

After freezing 

j 

Control 

After freezing 

1 1 

per cent 

76 

per cent 

131 

36 

63 

2 ! 

75 

136 

37 

59 

3 

102 

113 

48 

58 

4 

93 

104 

46' 

S3 

5 

104 

160 

48 

74 

6 

97 

128 

46 

63 

7 

123 

159 

61 

74 

8 

85 

116 

42 

61 

9 

96 

163 

SO 

70 

10 

109 

168 

54 

80 

Average 

96 

134 

47 

66 


increase in hemoglobin percentage and hematocrit 
reading. The average hemoglobin percentage be- 
fore freezing was 96 and after freezing was 134. 
The average hematocrit reading before freezing 
was 47 and after freezing was 66. The figures 
obtained in Experiment 10 (Table I) are higher 
than in any readings obtained in shock due to 
burns, except by Underhill in human beings. 
Control experiments showed no marked blood 
concentration (13). 

Conclusion. There is a marked blood concen- 
tration in shock following freezing which is simi- 
lar in degree to the blood concentration present 
in shock due to burns. This blood concentration 
begins before a marked fall in blood pressure oc- 
curs and is hence of value in predicting the onset 
of shock. 


2. Shift of body fluids 

It has been shown by Blalock (11), Underhill 
al. (12) and the writer (13) that in shock due 
severe burns there is a loss of fluid from the 
)od stream into the burned tissues. It is con- 
ered by these authors that this loss of fluids is 
sponsible for a large part of the shock resultant 
burns. The amount of fluid sh.ft .n o the 
sues has been measured by burning one lateral 
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half of an animal and then after careful saggital 
bisection, comparing the weight of the burned 
and unburned sides (11); by weighing the fluid 
expressed from the water-logged burned tissues 
(12) ; and by burning one lateral half of an ani- 
mal placed on a balanced apparatus and measur- 
ing the amount of displacement caused by the in- 
crease in weight of the burned side (13). 

It was thought that the severe general effects of 
freezing a portion of the body might be due to a 
similar leakage of fluid from the blood stream 
into the frozen or thawing tissues. Portions of 
one lateral half of 9 completely anesthetized dogs 
were frozen by the direct application of solid 
carbon dioxide for about one hour. After a 
period averaging 21 hours from the time of freez- 
ing, 4 of the dogs were dead and the rest were 
killed. The initial blood pressure in the 9 dogs 
averaged 147 and the final blood pressure 81 mm. 
Hg. This amount of blood pressure lowering 
may be considered as arbitrarily within the limits 
of so-called surgical shock. The animals were 
then carefully bisected by the method previously 
described (13) and a comparison made of the 
weights of the frozen and unfrozen sides. The 
average difference amounted to 2.5S per cent of 
the total body weight. Incision into the tissues 
that had been frozen revealed sufficient plasma- 
like fluid to account for the difference in weight. 
This amount of plasma, if lost from the blood 
stream, is sufficient to account for a large part of 
the shock present in these animals (11), In 8 
experiments on burns previously reported (13), 
the amount of fluid shift at death was 2.2 per 
cent of the total body weight. Control experi- 
ments are listed in this previous paper. 

Conclusion. After freezing, there is a con- 
siderable loss of fluid from the blood stream into 
the frozen tissues. The amount of this fluid shift 
is similar to that in severe bums and is sufficient 
to account in part at least for the resultant shock. 

3. Composition of edema fluid 

The composition of the fluid that escapes into 
the subcutaneous tissues after bums has been de- 
termined by Beard and Blalock (15), These au- 
thors found that, in general, the chloride content 
of the fluid was higher than that in blood plasma, 
the concentration of sugar and nonprotein nitro- 


gen was approximately the same in the 2 media 
and the protein content of the subcutaneous fluid 
was about 20 per cent lower than that of the blood 
plasma. Underhill and Fisk (16) made similar 
comparisons between the tissue fluid after burns 
and the blood serum. Their results agree in gen- 
eral with those of Beard and Blalock, except that 
they found the nonprotein nitrogen content con- 
siderably higher in the edema fluid than in the 
blood serum. 


TABLE II 

Shift of body fluids in shock due to freezing 


Experiment 

Weight 
of dog 

Duration 
of experi- 
ment* 

Blood pressure 

Shift of 
body fluid 
as percent- 

Initial 

Final 

age of body 
weight 


ksm. 

hours 

tntn. Hg 

mm. Hg 

per cent 

1 

12.2 

26 

160 

114 

5.14 

2 

13.8 

28 

138 

92 

0.15 

3 

16.0 

26 

164 

96 

2.44 

4 

7.3 

17 

156 

94 

1.51 

5 

8.9 

20 

118 

42 

4.05 

6 

11.1 

2S 

168 

70 

2.92 

7 

11.0 

17 

159 

38 

2.77 

8 

8.3 

13 

120 

64 

1.35 

9 

7.1 

18 

142 

120 

2.59 

Average 

10.6 

21 

147 

81 

2.S5 


* The duration of the experiment indicates the time of 
death of the animal after freezing. The animals in Experi- 
ments 1, 2, 3, 4 and 8 were killed immediately following the 
last blood pressure reading; the animals in the other experi- 
ments died sometime following the last reading. The 
lateral shift of body fluids is determined by the bisection 
method. 

The results of these authors indicated that the 
fluid that escapes into the subcutaneous tissues 
after burns very closely resembles blood plasma. 
The escape of a plasma-like fluid undoubtedly 
produces more serious consequences than the 
escape of a simpler solution. Hence, it was con- 
sidered of importance to determine whether the 
fluid that escapes into the subcutaneous tissues in 
large amounts after freezing is of a plasma-like 
nature similar to that following burns. Nine 
completely anesthetized dogs in which shock was 
produced by freezing portions of the body with 
solid carbon dioxide were dissected after death 
and large amounts of edematous subcutaneous 
tissue found. By making multiple incisions in 
this tissue, sufficient fluid drained out for analysis. 
This fluid was only slightly tinged with blood, but 
clotted if no anticoagulant was added. A similar 
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amount of anticoagulant was added to the edema 
fluid and to a sample of blood obtained from the 
carotid artery. Analyses were made of the fluid 
and of the blood plasma. The sugar was deter- 
mined by the Folin modification method on a 
sulfate-tungstate filtrate (20) ; the sodium chlor 
ride by the Eisenman open-Carius method (21) ; 
the protein by the Koch-McMeekin micro-Kjel- 
dahl method (22) ; and the nonproteiu nitrogen 
by the same method on a Folin- Wu filtrate. 

TABLE III 


A comparison of the concentration of certain substances in 
blood plasma and in the fluid that escapes into 
the subcutaneous tissues after freezing 


Experi- 

‘ Sugar 

! 

NaCl 

Nonprotcin j 
nitrogen 

Protein 


i 

[Plasma 

Fluid 

Plasma| 

Fluid 

Plasma, 

Fluid 

Plasma 

Fluid 


mgrtts 

mgm. 

1 

mgm, , 

mgm. 

1 

mgm, , 

tngm. 

grams 

grams 


per 

per 

per 

Per 

per 

per 

iicr 

per 


100 

100 

100 

100 

100 

100 

100 

100 


CC, 

CC, 

CC, 

CC, 

CC, 

CC, 

CC, 

CC, 

1 

2 

132.5 

95,2 

101.0 


711.4 

665.7 

40,0 

38.5 

35.3 

1 4.4 

3.9 

2.9 

3 

4 

44.1 

81.0 

98.0 

673.9 

758.2 

688,0 

I 56.8 

36.8 

50.8 

i 3.3 

3.2 

3.3 

5 

90.1 

13,4 

6S4.0 

665.7 

95.4 

76.3 

3.7 

3.8 

6 

84.0 

18.9 

700.8 

703.2 

27.0 

33.3 

4.8 

3.6 

7 

94.2 

* 

709,0 

703.2 

1 45.5 

60.6 

1 5.1 

3.4 

8 

177.8 

111.1 

663.4 

690.3 

60.3 

44.2 

3.4 

4.7 

9 


82.1 

655,2 

686.8 

1 

[ 

73.2 

4.6 

3.7 

Average 

103.8 

66.7 

676.1 

696.9 

: 54.2 

49.9 

4.2 

3.6 


* The value for the sugar in the fluid in Experiment 7 
was too low to read. 


The results of these analyses are shown in 
Table III. The concentration of sugar is, in gen- 
eral, lower in the fluid than in the blood plasma. 
The extremely low values in several instances are 
of interest. The chloride concentration is ap- 
proximately the same in the blood plasma and 
tissue fluid. The nonprotein nitrogen and pro- 
tein are somewhat higher in the plasma than in 
the tissue fluid. 

Patients with frozen ears were observed fre- 
quently, and in all instances after thawing a 
marked swelling was noted. Only one patient 
with extensive freezing injuiy was observed in 
this study. This patient,^ a woman, aged 43, 
tried to commit suicide by lying in the snow a 
night when the temperature was — 22° F. When 

1 1 am indebted to Dr. A. J. Rissinger for permission 
to report this case. 


found, she was not unconscious but both legs 
were frozen stiff to just below the knees and when 
her stockings were removed they came off like 
wall paper from a plastered wall. She received 
heat generally and cold compresses to the local 
lesions. The legs thawed out but the toes of 
both feet and sole of the left foot remained very 
cyanotic. Later gangrene developed in the toes 
of the left foot. The blood pressure was normal 
and there was no blood concentration. One of 
the chief points of interest with regard to this pa- 
tient was the extensive swelling and blistering of 
the frozen legs. This is shown to some extent in 
Figure 1 which was taken after the largest blister 
had broken. The blister fluid was somewhat 
similar to blood plasma on chemical analysis, the 
total protein being 3,0 grams per 100 cc., the al- 
bumin: globulin ratio 2.2, and the nonprotein 
nitrogen, sugar, and sodium chloride being 26.0, 
87.0, and 643.5 mgm. per 100 cc. respectively. 
One blister contained 40 cc, of this fluid and two 
other blisters were larger. Measurement of the 
limbs 36 hours after freezing showed that the 
volume of the left was greater than the right by 
approximately 850 cc. Since the right leg was 
also swollen, this figure may not represent the 
entire extent of the swelling. Although the 
plasma loss in this patient w'as not sufficient to 
produce shock, it indicates what might happen 
from freezing of a larger area. 

Conclusion. The composition of the edema 
fluid that escapes into the subcutaneous tissues 
after freezing is quite similar to blood plasma. 
This indicates that the loss of large amounts of 
such plasma-like fluid from the blood stream 
might account, in part at least, for the shock re- 
sultant to the freezing. The important difference 
between the edema fluid produced by freezing 
and ordinary edema fluid is the high protein con- 
tent of the former. The rapidity of the loss of 
this fluid is also of significance. 

4. Bleeding volume 

The bleeding volume in control dogs was found 
to be 58.6 per cent of the calculated blood volume 
(one-thirteenth of the body weight) by Rooine, 
Keith, and Phemister (17) and 53.4 per cent by 
Harkins (13). On the other hand, the former 
authors found that in shock due to trauma to an 
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Fig. 2. Blisters and Swelling of Legs Existing 36 Hours after Freezing 
Both legs were swollen but only the blisters on the loft side are well visualized, and the largest of 
these ruptured before the picture was taken. 


extremity, hemorrhage, plasmaplieresis, and in- 
testinal manipulation, the bleeding volume was 
greatly reduced, averaging 21.8 per cent, and in 
burns the latter author found it to average 20.3 
per cent. In another series of experimental 
burns it was found that in 6 burned animals in 
which the blood pressure was allowed to fall near 
a so-called shock level (50 to 82 mm. Hg) before 
the bleeding volume was determined, the bleeding 
volume averaged 26.3 per cent. If, however, the 
bleeding was done before the blood pressure had 
fallen markedly (102 to 130 mm. Hg), the bleed- 
ing volume was already markedly reduced, averag- 
ing 31.4 per cent. 

The present work was undertaken to deter- 
mine the bleeding volume in experimental freez- 
ing. Portions of the bodies of dogs were frozen 
by solid carbon dioxide under complete anes- 
thesia (maintained till end of experiment) as de- 
scribed in previous papers (18) and the results 
shown in Table IV. It is seen that in all in- 
stances the bleeding volume was below the normal 
values. 

In three other dogs where the bleeding was 


table IV 

Bleeding volmnes of dogs with experimental freezing 


Dog number 

u 

’v 

Interval 

from 

freezing to 
bleeding 

1 

Blood 

pressure 

Hemo- 

globin 

Hema- 

tocrit 

Terminal 

bleeding 

volume 

Start 

End 

rt 

lUUUl 

Start 

Maxi- 

mum 











per cent 


. 

. 

min- 

mm. 

mm. 

per 

Per 



calculated 


& • 

tvi i 

tiles 

Us 

He 

cent 

cent 



blood 











volume 

1 

7.0 

4 

45 

172 

36 

86 

100 

35 

50 

27.0 

2 

7.0 

15 

15 

166 

72 

82 

126 

39 

62 

24.2 

3 

5.7 

3 

45 

148 

66 

88 

100 

37 

42 

39.0 

4 

7.4 

8 

10 

154 

42 

99 

167 

40 

72 

7.8 

5 

6.5 

9 

10 

150 

82 

105 

123 

43 

63 

29.9 

Average | 



1 

1 

1 

! 



25.6 


done before the blood pressure had fallen mark- 
edl}' (90, 96 and 112 mm. Hg) the bleeding vol- 
umes averaged 40.5 per cent (43.1, 31.1 and 47.3 
per cent respectively). Two other experiments 
were of great interest where the blood pressure 
was rapidly lowered by the general effects of cold 
before there had been time for considerable fluid 
exudation. In these two experiments the final 
blood pressures were 7S and 54 mm. Hg, and the 
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bleeding volumes determined 2 liours after freez- 
ing were 50 and 55 per ce]}t respectivcI 3 ^ This 
indicates that the general effects of cold can re- 
duce tlie blood pressure before fluid exudation 
has taken jilace to any great extent. The fact 
that at the time of bleeding there were slight local 
signs of fluid exudation and very little blood con- 
centration also points in this direction. It seems, 
therefore, that under certain circumstances cold 
can produce a type of so-called primaty shock. 
If the animal survives this initial period, fluid 
exudation into the thawing area with blood con- 
centration, lowered bleeding volume and other 
typical signs of secondary shock ensues. 

5. Pathological studies 

These studies are as yet incomplete. Occa- 
sional hemorrhages into the adrenal glands and 
in one instance a hemorrhage into the duodenal 
wall, possibly the precursor of a Curling-like ulcer 
were the chief positive findings remote from the 
frozen region. At the site of the freezing all 
blood vessels were found to be patent and no 
thvomhi u’ere found. At the edges of the area 
the skin was markedly red and injected. In the 
subcutaneous tissues there was an extensive 
edema. 

COMMENT 

The present work did not help to elucidate the 
local treatment of a frozen member. Although 
experiments indicated no difference in the re- 
sponse of dog’s legs and rabbit’s ears to slow 
and rapid thawing, the experiments were not con- 
clusive. They did not cover a wide enough vari- 
ety in extent of freezing and time and rate of 
thawing, etc. Thus this aspect of the question 
is still left in abeyance although doubt is cast on 
the efficacy of the time-honored custom of gradual 
thawing. 

The extreme drop in general body tempera- 
ture recorded in several of the experiments is of 
interest. It is quite possible that such low read- 
ings may have been influenced bj^ the baibital 
narcosis, but the restoration of a more normal 
body temperature in sevei'al instances after the 
removal of the ice augurs against this to some 
extent. It is quite possible that such low tem- 
peratures would not have been obtained if a less 
severe freezing agent than solid carbon dioxide 


had been used. These low readings indicate, 
however, that even the higher mammals may be 
relatively poikilothermic under certain conditions. 

Aside from the general lowering of body tem- 
perature, the presence of secondary shock is of 
interest in freezing. The lowered bleeding vol- 
ume, the changes in blood concentration including 
increase in hemoglobin percentage and hematocrit 
reading, and the marked leakage of plasma-like 
fluid into the tissues that have been frozen all 
indicate that thei'c is a similarity between the 
effects of freezing and burning. Both of these 
thermal injuries produce a local reaction and re- 
sultant secondary shock. Furthermore, the sec- 
ondary shock following thermal injury is similar 
to secondary traumatic shock following other 
types of injuty. The similarity in the reaction 
of the mammalian organism to injury is most ap- 
parent when the comparison is made between the 
different t 3 yes of thermal injur}^. Under natural 
conditions it is difficult to conceive, however, a 
situation in which enough of the body could be 
frozen to produce shock without the effect of ex- 
posure to cold being an important if not a dom- 
inating factor. In burns, on the other hand, ex- 
tensive local burning without rise in general body 
temperature is the rule rather than the exception. 

SUMMARY AND CONCLUSIONS 

1. In freezing experiments no evidence was 
found in favor of the empiric practice of gradual 
thawing of a frozen member. 

2. Under certain conditions freezing and cold 
cause a marked lowering of general body tem- 
perature. Citation is made of Reincke’s case of 
a man with a temperature of 24.0° C. (75.2° F.) 
who ultimately recovered, and of one animal in 
the present study with 24.1° C. (75.4° F.) six 
hours before death by bleeding. These observa- 
tions indicate that eve)} the higher niannnals may 
have their temperahire regidatory mechanism 
broken doivn under a sufficiently severe strain. 

3. Under experimental laboratory conditions a 
localized portion of the body may be frozen wjth- 
out a predominant general chilling. Under these 
circumstances a marked exudation of plasma-like 
fluid into the local tissues occurs with thawing, 
resulting in blood concentration, lowered bleed- 
ing volume and decrease in arterial blood pres- 
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sure. This condition resembles tlie secondary- 
shock following burns and indicates the similarity 
in action of different types of thennal injury. 
Under very special conditions the same might 
occur in man. 
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It is generally believed that calcium and phos- 
phorus arc absorbed from the small intestine and 
excreted through the kidneys and the colon. The 
chief factors which influence the absorption from 
the small intestine are the hydrogen ion concentra- 
tion of the content of the bowel, the peristaltic 
rate, and the proportion of the various types of 
food in the diet. Macfadyen, Nencld and Sieber 
in 1891 (1), McClendon in 1915 (2) and numer- 
ous investigators (3, 4, 5) more recently found 
the content of the small intestine to be acid most 
of the time. The strength of the acidity de- 
creases from a pH of about 1.5 in the stomach 
to approximate neutrality at the ileocecal valve. 
In spite of this experimental work, one commonly 
encounters the statement that the content of the 
small intestine is alkaline. The pancreatic and 
biliary secretions are in fact alkaline, but these 
secretions are readily neutralized by excess of acid 
secretion from the stomach and intestine. The 
peristaltic rate, or rate of propulsion of the in- 
testinal content, is largely controlled by the nature 
and bulk of ingested food. A marked increase in 
the rate of propulsion of content would decrease 
the time for absorption of calcium and phosphorus 
as well as other minerals and foodstuffs and 
would increase the amount of materials retained 
in the lumen. Diets containing large amounts of 
fats, excesses of either calcium or phosphorus and 
highly alkaline diets have been shown by Far- 
quharson, Salter, Tibbets and Aub (6) and others 
to decrease calcium and phosphorus absorption 
from the bowel, while acid foodstuffs and proper 
calcium-phosphorus ratios lead to increased cal- 
cium and phosphorus absorption. 

In man it has not been possible heretofore to 
study calcium and phosphorus exchange in the 
small bowel independent of colonic excretion, due 
to the difficulty of distinguishing dietary calcium 
and phosphorus retained in the stool from that 
excreted into the intestine. An unusual oppor- 
tunity for study of the interchange of calcium 


and phosphorus through the small intestine in- 
dependent of colonic excretion was afforded by 
three patients in whom tumor of the cecum neces- 
sitated both ileostomy and colostomy, thereby per- 
mitting separate collection of colonic and ileal 
excretion. 

METHODS OF STUDY 

After the patients had recovered from operation they 
were given weighed diets composed of foods of known 
calcium and phosphorus content. An effort was made 
to give a diet as near the normal as possible. The urine 
was collected under toluene in twenty-four hour samples. 
The excreted ileal content was collected in colostomy 
pouches which were held against a flat piece of rubber 
sheeting cut to fit snugly around the base of the colos- 
tomy opening by an elastic belt. The flat rubber was 
pasted to the skin by a layer of yeast between the skin 
and rubber sheeting. In this manner no material was 
lost and ulceration of the skin was prevented. The colon 
was irrigated daily by the injection of 100 grams of dis- 
tilled water into its proximal opening, and the material 
was collected as it was expelled through the anus. Usu- 
ally about 80 per cent of the water was expelled about 
twenty minutes after its injection. These washings al- 
ways contained a mucoid, opaque, colorless material free 
from feces or bile, thus showing the absence of any 
leakage of ileal content into the colon. The pH of all 
excreta was determined by the glass-electrode method 
as modified by Hemingway (7). The ileal content and 
colon washings were dehydrated either over a water bath 
or in an electric oven at about 95° C. No attempt was 
made to dehydrate to a constant weight. The dehydrated 
material was powdered and one gram samples of the 
ileal content and all of the colon washings were wet- 
ashed with concentrated sulphuric and nitric acids. 
When necessary, superoxyl was added drop by drop to 
obtain a colorless solution. Aliquot samples of urine 
were wet-ashed as above. The calcium content of the 
ashed material was determined by the method of Tisdall 
and Kramer (8) and the quantity of phosphorus deter- 
mined by the method of Fiske and Subbarow (9). The 
ileal content corresponding with any experimental period 
was marked with carmine or charcoal. The identifiable 
substances appeared at the ileal opening two to three 
hours after oral ingestion. Controls on results of analy- 
ses consisted of reagent blanks, known solutions, and 
known solutions added to unknowns run simultaneously 
with the unknowns. Results not checking to within five 
per cent w'ere repeated except in the colon washings. 
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where larger variations were expected because of the 
very low calcium and phosphorus content of the material 
analyzed. 

Case 1. G. M., a 62 year old white male who was 
in good health until 1930, when he experienced heart 
burn and gas pains following meals. January, 1934, he 
noticed a progressive weakness and weight loss which 
by March, 1934, compelled him to stop work. Exam- 
ination March, 1934, revealed weight loss and a palpa- 
ble tumor mass in the right lower quadrant. There was 
an associated melena and a secondary anemia, hemo- 
globin 46 per cent, (Sahli, 17 grams per 100 cc. blood 
equals 100 per cent) and 4.75 million erythrocytes per 
cubic millimeter of blood. X-ray examination of the 
colon revealed a filling defect in the cecum through 
which peristalsis did not pass. March 28, 1934, the 
cecum, the proximal four inches of the ascending colon, 
and the terminal six inches of the ileum were resected 
because of an adenocarcinoma (microscopic diagnosis) 
of the cecum. The free ends of the colon and ileum 
were brought to the surface through a colostomy open- 
ing. One month later, when the anemia was corrected 
and peristalsis was normal, the patient was used for 
these studies. This patient is well (November 1936), 
and no evidence of recurrence or metastasis has been 
found. 

Case 2. Mrs. A. R., age 63, had been constipated for 
twenty-five years. Prior to the last few years the pa- 
tient had an occasional attack of pain in the right upper 
quadrant associated with chills, fever, and less often, 
jaundice. In 1932 she began having attacks of inter- 
mittent colicky pain in the right lower quadrant of the 
abdomen associated with nausea, vomiting, and abdom- 
inal distention. These attacks came on more often 
during 1934. She had lost twenty-two pounds of weight 
during the four months prior to admission in November, 
1934. There was a firm, nodular, fixed mass in the right 
iliac fossa. The size of this mass varied considerably 
from time to time. X-ray examination of the colon re- 
vealed a constant irregular filling defect through which 
peristalsis did not pass. No shadow of the gallbladder 
was found at any time during a cholecystographic study. 
The hemoglobin was 66 per cent (Sahli), and the red 
blood cell count was 3.3 million per cubic millimeter of 
blood. Other laboratory tests were normal. December 
1934, six inches of terminal ileum, the cecum, and about 
six inches of ascending colon were resected because of 
a suspected carcinoma. The mass on microscopic ex- 
amination proved to be a carcinoid tumor of the cecum. 
The gallbladder at operation was thickened and con- 
tained stones but was not removed. This patient’s con- 
valescence was greatly prolonged because of inability to 
retain adequate amounts of food. She also lost large 
amounts of fluid through the ileostomy opening until 
it was closed. She was in good health in November, 

1936 . . . , 

Case 3. Mrs. M. M., age 50, noticed a small mass 

in the right lower quadrant in the fall of 1934 which 
produced very few symptoms. In February 1935, she 
experienced alternating periods of diarrhea and consti- 


pation. The mass began to grow rapidly. Examination 
at that time showed a somewhat undernourished pale 
female with movable mass in the right iliac fossa, about 
three inches in diameter. X-ray examination revealed 
a filling defect in the cecum which could not be differ- 
entiated from a granuloma, carcinoma, or carcinoid of 
the cecum. Hemoglobin was 57 per cent (Sahli) and 
there were 2.62 million red blood cells per cubic milli- 
meter of blood. There was occult blood in the feces; 
other tests and examinations gave normal or negative 
results. At operation, a large tumor mass was found 
involving the cecum and appendix. The cecum and the 
adjacent ten inches of terminal ileum and nearly all of 
the ascending colon were resected. The proximal end 
of the colon and the terminal end of the ileum were 
brought to the surface through a colostomy opening. 
On microscopic examination the tumor proved to be a 
gelatinous carcinoma of the cecum. The immediate con- 
valescence was uneventful, but about one year later the 
patient developed bone metastasis for which she was 
given roentgen-ray therapy. The patient died from 
cachexia on June 13, 1936. Postmortem examination 
confirmed the above diagnosis. 

RESULTS 

The patient G. M. was able to follow prescribed 
diets, but became very restless and refused to 
remain sufficiently long to permit more than one 
three-day period of study without change of pro- 
cedure. In Patient A. R. a calcium and phos- 
phorus balance study was made before the op- 
eration with considerable difficulty because con- 
stant persuasion was necessary to get the needed 
cooperation. Following operation the patient re- 
fused to eat any constant diet; in fact, her stay 
in the hospital was prolonged for months be- 
cause of anorexia and a marked diarrhea through 
the ileal opening with a loss of large amounts of 
ileal content until the ileum and colon were 
anastomosed. However, colonic washings were 
satisfactorily obtained. Samples of ileal content 
were obtained from the ileal opening at various 
times for determination of the pH, but a com- 
plete collection was not possible. Satisfactory 
colon washings were obtained on five occasions. 
Table I lists the volume and pH of urine obtained 
from Patient G. M. and the daily amount of 
ileal elimination in terms of wet and dry weights. 
The colon washings were similarly measured and 
recorded. The pH was determined on freshly 
obtained wet materials from the ileum and colon. 
The patient G. M. was given a diet containing 
food and water as indicated in Table 1. The die 
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\\-as changed two days before the beginning of 
the first and third periods, thereby reducing tlie 
error introduced by excreta from a previous pe- 
riod being mixed with that of a subsequent pe- 
riod. The urine volume follows closely the fluid 


intake during the first three periods. The urine 
collection of 215 cubic centimeters during April 
30 was incomplete since the creatinine, calcium, 
and phosphorus excretion in that specimen was 
too low when compared with other collections of 


TABLE I 

The quantity and pH of urine, ileal content, and colon washings obtained from patients with colostomy and ileostomy openings 



Daily intake 

1 

Urine 

Ileal elimination 

Ratio 
of wet 
weight 
to dry 
weight 

Colon washings 
returned 

Date 

Water 

1 

Weight 
of food 
as 1 
scrv'cd 1 

Cc. 

pH 

Wet 

pH 

Dry 

Wet 

pH 

Dry 



Srams \ 

■n 

■ 

grams ptr 

24 hourr 


grams per 
24 hours 

■ 

1 

grams 


grams 


CASE G. M. 


April 

April 

May 

29, 1934 

30, 1934 

1, 1934 

750 cc. 

Control period 

609 

246 

215* 

270 


273.7 

298.0 

292.4 

1 

23.1 

24.1 

23.2 

■ 

70.0 

97.0 
72.5 


1.27 

1.52 

1.49 

Average 



263 


288.1 

■ 

23.5 

13.3 




May 

2, 1934 

2000 cc. 

609 



316.4 


27.5 


94.5 


1.27 

May 

3, 1934 





295.5 


21.9 


89.2 


1.25 

May 

4, 1934 



1555 

5.4 

354.8 

5.4 

26.2 

■ 

50.7 

8.3 


Average 



1521 


322.2 


25.2 

12.8 






1500 cc. 

812 

331 

5.6 

410.5 

5.3 

31.8 

■1 

62.2 

8.2 

1.00 





713 

6.4 

418.0 

5.7 

28.3 


95.3 

8.3 

1.49 

HI 




837 

6.8 

442.4 

5.6 

32.3 

■ 

97.0 

8.0 

1.37 

Average 



627 


423.6 


30.8 

13.8 




May 


1500 cc. 

812 

938 

6.9 

346.3 

5.4 

25.7 


49.1 

8.2 

1.15 

May 

11, 1934 

Viosterol 750 U 


1105 

6.6 

372.5 

5.6 

31.1 


103.5 

8.0 

1.50 

May 

12, 1934 

(3 cc.) t.i.d. 


1553 

6.4 

392.1 

5.5 

29.6 


97.0 

7.2 

1.47 

Average 



1199 


370.3 


28.8 

13.0 




May 

13, 1934 

1500 cc. 

812 

1533 

6.5 

241.0 

5.0 

26.1 


89.7 

8.0 

1.22 

May 

14, 1934 

Parathormone 


2140 

6.4 

231.4 

5.3 

25.8 


41.6 


0.98 

May 

15, 1934 

40 units b.i.d. 


1043 

6.5 

215.0 


24.5 


84.2 

8.2 

1.08 

Average 



1572 


229.1 


25.5 

9.0 





CASE A. R. 


February 5, 1935 
to 

February 11, 1935 

April 6, 1935 

to 

April 11, 1935 

Inconstant diet 

1 

1 

1 

Very large 
volume 
2000 to 

4000 grams 
1369 to 

1575 grams 

6.07 

to 

6.68 

6.37 

to 

6.84 



150 

50 

60 

76 

58 

8.6 

8.3 

8.2 


CASE M. M. 

March 

14, 1935 

Not controlled 


■nn 

■ 

IjHIlBIH 


■[■I 


44 

8.7 


March 

15, 1935 












March 

17, 1935 


■ 

m 

■ 


|g 

H 

■ 

6.7 

8.3 



* Urine collection incomplete — Values not used in obtaining average values. 
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that period. No adequate explanation is apparent 
for the small twenty-four hour urine collection 
of 331 cc. on May 7, 1936. It was complete, for 
the creatinine and mineral excretion values were 
comparable with those of other collections for 
the same period. The fourth and fifth periods 
show diuretic effects of viosterol and parathor- 
mone, pH determinations were not made during 
the early part of this study because the glass 
electrode potentiometer was not available. 

The amount of ileal elimination varied directly 
with the quantity of water and food ingested. 
Food and fluid when taken in the usual amounts 
tended to increase peristalsis and decrease the 
time for absorption from the small intestine. 
This point is well illustrated by comparing the 
first period with the second. The diet was iden- 
tical in both periods excepting that during the 
second period water consumed was increased 
from 750 cc. to 2000 cc. daily. This resulted in 
an increase in average daily ileal excretion of 34.1 
grams wet weight and only 1,7 grams of dry sub- 
stance. The ratio of dry to wet ileal excretion 
increased from 1 to 13.3 to 1 to 12.8, showing that 
the increased elimination was chiefly water loss. 
During the third and subsequent periods the bulk 
of the diet was increased by one-third, four meals 
were given instead of three. With this increase 
in bulk there was an increase in both wet and dry- 
substance in the ileal excretion. The ratio of 
dry substance to wet weight was 1 to 13.8. Since 
both the bulk and water content of the diet were 
changed in this period, a simple comparison with 
the previous two periods is not possible. When 
viosterol was added to this diet (next period), a 
diuresis resulted, and there was a marked decrease 
in the wet weight and smaller decrease in the dry 
weight of the ileal excretion, the ratio changing 
from 1 to 13.8 to 1 to 13. The ileal excreta was 
less fluid than previously, but still was liquid. 
During the last period viosterol was discontinued 
and parathormone was injected. The patient be- 
came dehydrated as indicated by a dry skin, a ces- 
sation of gain in weight, a large urinary output, 
and sensation of thirst. The colon washings at 
this time contained formed plugs of mucus which 
previously had been liquid. The ileal excreta was 
semi-solid and almost pasty. The wet weight of 
the ileal excreta decreased from 370.3 grams to 


229.1 grams with a less marked decrease in the 
elimination of dry substance (from 28.8 grams 
to 25.5 grams). The dry to wet ratio increased 
from 1 to 13 to 1 to 9. The absolute decrease 
in dry substance indicates a better absorption 
from the small intestine. These effects from w- 
osterol and parathormone administration probably 
represent a more rapid absorption of water due 
to hemoconcentration resulting in a slower rate 
of propulsion of ileal content and a longer time 
for absorption of foodstuffs from the small in- 
testine rather than any specific effect of viosterol 
or parathormone upon the mucosa of the intestine. 
Later, it will be shown that the decrease in both 
calcium and phosphorus content of the ileal ex- 
creta after viosterol and parathormone adminis- 
tration parallels decreased w'ater content. 

The content of the terminal ileum in the case 
of G. M. was quite acid at all times. As previ- 
ously stated, the daily ileal elimination was col- 
lected in hvo portions of approximately twelve 
hours each, the 7 a.m. to 7 p.m. collection repre- 
senting chiefly the food residue and the 7 p.m. to 
7 a.m. representing the fasting excretion. The 
pH of the excreta collected during the period of 
fasting averaged about 0.2 lower (more acid) 
than the dry excreta. This difference became 
more marked when samples taken three to four 
hours after meals, a time when maximum elim- 
ination occurred, were compared with pH read- 
ings from material obtained after fourteen hours 
of fasting. Following meals, the material became 
about neutral, readings of 6.5 to 6.9 were ob- 
tained and readings as low as 4.3 were obtained 
during the fasting state. In the case of A. R- 
the daily ileal elimination was 1300 to 1600 grams. 
The patient was unable to take a constant amount 
of either fluid or food preventing any balance 
study. The pH of the content of the terminal 
ileum varied from 6.07 to 6.8, a slightly acid 
reaction. These readings for the most part rep- 
resent fasting values, since the patient was able 
to take but little food until after the ileostomy 
was closed. The last patient, M. M., found it 
necessary to take a very high bulk coarse diet to 
prevent a large fluid loss from the ileostomy 
opening. It is possible that this diet may have 
been a factor in producing an approximately 
neutral reaction of the ileal content. This is 
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suggested by the above mentioned observation of 
a tendenc}" for the content to approach neutrality 
following meals and becoming decidedly more 
acid in the fasting state. It will be noted in the 
case of G. M. that an increase in dietary bulk did 
not influence the average pH ; however, the ratio 
of bulk to other foods remained the same. The 


difference -in reactions of the ileal content in these 
cases may represent individual differences. Rob- 
inson (10), working with dogs, concluded that the 
pH of the content of any segment of small in- 
testine was controlled by secretions from the wall 
of that segment. Of course, any rapid ingress 
of intestinal content having a decidedly different 


TABLE II 


The calcium and phosphorus content of the excreta 



Daily intake 

Urine 

\ 

Ileal eliminationj 

Colon washings 

Total excretion 

Balance 

Date 

Calcium 

Phos- 

phorus 

Cal- 

cium 

Phos- 

phorus 

Cal- 

cium 

1 

Phos- 

phorus 

1 

Cal- 

cium 

1 

Phos- 

phorus 

1 

Cal- 

cium 

1 

Phos- 

phorus 

1 

Cal- 1 
cium 

Phos- 

phorus 

1 

grams 
i>er day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 

grams 
per day 


CASE G. M. 


April 

April 

April 

May 

28, 1934 

29, 1934 

30, 1934 

1, 1934 

.55 1 

HjO 71 


a 

.64 

.51 

.38* 

.61 

.42 

.40 

.38 

.40 

.18 

.17 

.21 

.20 

.016 

.022 

.007 

.003 

.003 

.003 

.002 

.57 

1 

1 

-.02 


Average 



.17 

.59 

.40 

.20 




' .79 

1 


-.05 

May 

2, 1934 

.55 

.74 

.20 

.80 

.44 

.20 

.003 

.002 





May 

3, 1934 

HjO 2000 cc. 

.16 

.62 

.41 

.20 

.003 

.003 





May 

4, 1934 



.18 

.67 

.56 

.22 

.002 

.004 

.65 

HI 

-.10 


Average 



,18 

.72 

.47 

.21 




.93 


-.19 

May 

7, 1934 

.73 

1.00 

.13 

.62 

.60 

.24 

.004 

1 .005 





May 

8, 1934 



.13 

.64 

.55 

.25 

.004 

.004 





May 

9, 1934 



.14 

.65 

.62 

.26 

1 .004 

1 

1 .003 

1 

.72 

H 

-f-.Ol 


Average 



.13 

.64 

.59 

.25 




.89 


+.11 

May 

10, 1934 

.73 

1.00 

.15 

.65 

.55 

.23 

.005 

.004 

1 




May 

11, 1934 


.17 

.68 

.60 

.27 

.004 

.004 





May 

12, 1934 

(3 cc. 

) t.i.d. 1 

.18 

.86 

.61 

.27 

.003 

.003 

.76 

Hi 

-.03 


Average 


1 

.17 

.73 

.59 

.26 




.99 


-t-.Ol 

May 

13, 1934 

.73 


.20 

1.36 

.53 

.24 

.003 

.003 





May 

14, 1934 

Parathormone 

.35 

1.43 

.55 

.29 

.005 

.003 





May 

15, 1934 

■asa 

ts b.i.d. 

.47 

1.06 

.43 

.20 

.004 

.004 

.84 

■ 

-.11 


Average 



.34 

1.28 

.50 

.24 



. 

1.52 

■ 

-.52 


CASE A. R. 


February 12, 1935 
February 14, 1935 

April 6, 1935 

April 7, 1935 

April 10, 1935 

H 

H 

1 

1 

1 

1 

1 

.051 

.009 

.005 

.004 

.001 

• 


i 


CASE M. M, 

March 16, 1935 
March 17, 1935 

■ 

■ 

■ 

■ 

■ 

■ 



■ 

■ 

■ 

■ 


* Urine collection incomplete — ^Values not used in obtaining average values. 
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reaction into another segment of bowel would 
greatly modify the pH of the content of the re- 
ceiving segment. 

The character, gross appearance, and pH of 
the colon washings were very similar in all three 
cases and consisted of white mucin-like material 
wliich became less fluid when the patient was de- 
hydrated. Staining and contamination by ileal 
content was not observed at any time. The pH 
of material obtained from all three patients varied 
but little (8.0 to S.7). 

Calcium and phosphorus absorption and excre- 
tion data from anal 3 'ses of urine, ileal and colonic 
excreta are listed in Table II. Patient G, M, 
was used for a calcium and phosphorus balance 
study. As previously stated, the other patients 
were not suitable for a similar study. The daily 
values are listed and averaged for each period. 
This was thought advisable since average figures 
do not give any information regarding daily varia- 
tion within a period. Had it been possible to run 
more than one three-day period on each variation 
of the study, the listing of daily values would not 
have been advisable. During the first period and 
for the preceding two days the patient was given 
a diet containing 0.55 gram calcium and 0.74 
gram phosphorus per day ; the average daily 
urinary excretion of calcium was 0.17 gram and 
0.59 gram of phosphorus. The daily ileal excreta 
contained 0.4 gram calcium and 0.2 gram phos- 
phorus, and the material obtained by washing out 
the colon contained only a few milligrams of cal- 
cium and phosphorus. It is noteworthy that the 
colon washings did not contain any significant 
amount of calcium or phosphorus at any time 
even though during the last period the serum cal- 
cium was elevated to 15.3 mgm. per cent by para- 
thormone injection, which resulted in a very sig- 
nificant increase in urinary calcium and phos- 
phorus excretion. The intake of calcium and 
phosphorus during the second period was the 
same as during the first, the only change was an 
increase of water from 750 cc. to 2000 cc. daily. 
The slight increase of urinary calcium excretion 
is probably of no significance, but the increase of 
urinary phosphorus excretion from 0.59 to 0.72 
gram per day is a significant one and corresponds 
to the increase commonly encountered when di- 
uresis occurs. The increase in daily ileal calcium 


elimination parallels reasonably well the increase 
in dry material excreted as shown in Table I. 
The increase in urinaiy phosphorus and ileal cal- 
cium elimination during this period resulted in a 
small negative balance. It was necessaiy to in- 
crease the diet to permit a gain in weight and to 
satisfy the patient. This was accomplished by in- 
creasing the number of daily meals to four with- 
out otherwise changing the diet. Two days after 
this change the third period was begun. During 
this period the patient was in a state of caldum 
balance and a positive phosphorus balance of 0.1 
gram per day. When viosterol was added during 
the fourth period, the urinary excretion of cal- 
cium and phosphorus increased while the ileal ex- 
cretion remained constant, converting the calcium 
balance to a slight loss and the previously positive 
phosphorus balance to a balanced state. During 
the last period the parathormone injections, as 
previously stated, resulted in a hypercalcemia and 
a moderately severe dehydration of the patient. 
There resulted a marked increase of daily urinary 
calcium and phosphorus excretion and a decrease 
in ileal calcium and phosphorus elimination wdiicli 
produced a negative balance of both calcium and 
phosphorus. In Patients A. R. and M. M., ex- 
cept for the first washings in the case of A. R.. 
the colon washings did not contain any appreci- 
able quantities of calcium and phosphorus. The 
amounts of calcium and phosphorus excreted in 
the colon washings in all three cases is surpris- 
ingly small. 

DISCUSSION 

Vitamin D is commonly believed to increase 
absorption of calcium from the small intestine. 
As shown in Table II when viosterol was adminis- 
tered, there was a significant decrease in both the 
dry and wet weight of the ileal excreta. It was 
suggested that this possibly was due to a slowed 
rate of propulsion permitting a longer time for 
absorption of absorbable material from the smal 
intestine. It was also pointed out that taking o 
larger amounts of water as in the second perio 
of Table I resulted in a larger wet and dry ilea 
elimination and that clinical signs of dehydration 
and a marked decrease in both the wet and ry 
ileal excretion resulted when parathormone was 
administered. If these variations were a resu 



CALCIUM AND PHOSPHORUS ABSORPTION IN ILEOSTOMY 


22 


of greater or lesser absorption from the small in- 
testine dependent upon rate of propulsion and 
time for absorption rather than selective action of 
viosterol or parathormone upon the mucosa of 
the intestine, then the mineral excretion should 
have paralleled the dry weight elimination. 
Table III lists these data. On the first diet there 


TABLE in 

Milligrams calcium and phosphorus contained in each gram of 
dry weight of average daily excreta 



Dry 
weiRht 
of 
cx- 
\ creta 

Dally ileal 
excretion 

Dry weight 

1 


Cal- 

cium 

Phos- 

phorus 

Cal- 

cium 

Phos- 

phorus 


crams 

1 

mgm. 

mgm. 

mgm. 

Per 

mgm. 

per 

Control period 

Period of hydration 

23.5 

400 

200 

gram 

17 

gram 

8.5 

25.2 

470 

210 

19 

8.3 

Diet changed 
Control period 

30.8 

590 

250 

19 

8.1 

Viosterol (3 cc.) t.i.d. 750 
D 

28.8 

590 

260 

20 

9.0 

Parathormone 40 units 
b.i.d 

25.5 

500 

240 

20 

9.4 


were excreted in each gram of dry material 17 
and 8.5 mgm. of calcium and phosphorus respec- 
tively. When the water intake was increased and 
the diet otherwise remained constant, there was a 
greater increase of ileal calcium excretion or less 
absorption of calcium than during the control 
period. The phosphorus excretion was not ap- 
preciably altered. With the patient on four 
meals daily and on intermediate water intake, the 
excreta contained 19 and 8.1 mgm. calcium and 
phosphorus respectively. Viosterol was then 
added to the diet,' and even though there was a 
decrease in the grams of dry excreta, the concen- 
tration of calcium and phosphorus in this excreta 
increased. A similar but even more marked effect 
was noted when viosterol was discontinued and 
parathormone administered. These data do not 
support the contention that viosterol increases the 
absorption of calcium specifically from the in- 
testine, but indicate that through a general in- 
crease of absorption from the small intestine 
there may result some increase in mineral absorp- 
tion including calcium. It is possible that this 
increase in absorption is due to slowed rate of 


propulsion and an increased time for absorptio 
from the intestine. 

CONCLUSIONS 

In two of three patients studied, the content o 
the terminal ileum was acid at all times, and in th 
third patient the content was usually acid, but fol 
lowing the rapid expulsion of very coarse vege 
table fiber, the content became approximate!; 
neutral. 

Following the ingestion of a large amount o 
water, the ileal excreta became more fluid, am 
there was an increase in weight of the wet, dry 
and mineral excretion. 

Viosterol and parathormone administration re 
suited in a diuresis and a concomitant decrease ii 
the wet and dry weight of ileal excretion. Th( 
ileal content became thick and semisolid wherea: 
it had been quite fluid on the same diet during th< 
preceding period. The more concentrated ilea 
excreta contained more calcium and phosphoru! 
per gram of dry weight than the hydrated. 

No evidence was obtained that viosterol in thi 
amounts given to this patient had any specific 
effect on the absorption of calcium from the in 
testine. 

In these three patients the colon failed to ex 
Crete significant amounts of calcium and phos 
phorus at any time during the study. 
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MUSCULAR DYSTROPHY 
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In 1929 Brand, Harris, Sandberg and Ringer 
(3) demonstrated that in patients with progres- 
sive muscular dystrophy, they could raise the ex- 
cretion of creatine in the urine, characteristic of 
these patients, to 40 per cent above the normal by 
feeding glycine, wliile other amino-acids were 
without effect in this respect. 

On repeating these experiments three years 
later, Thomas, Milhorat and Techner (9) found 
that the patients definitely improved when the 
administration of glycine was continued for some 
length of time, and they suggested that this bene- 
ficial effect might be explained by assuming that 
a reduced ability to synthesize glycine was an 
essential point in the pathogenesis of the dis- 
ease. This would imply that glycine, introduced 
from without, would act as a substitute for the 
organisms own insufficient production. If gly- 
cine be accepted as a precursor of creatine, the 
theory would explain the raised creatine excretion 
following glycine administration to these patients. 

In their first paper. Brand and coworkers (3) 
advocated the theory, based upon the Salkowsky- 
Werner-Fosse cyanic acid theory, that creatine 
might arise from a side reaction between cyanic 
acid and glycine: 

Cyanic acid -J- 2 glycine = 

creatine -}- HjO COj. 

In more recent papers by Brand (1) and by 
Brand and Harris (2) the theory is somewhat 
altered. It is still assumed that glycine is in- 
volved in the formation of creatine, namely, of its 
guanidine group, but for special reasons the gluta- 
thione, which is known to contain glycine, is put 
in relation to the process. 

Since publication of the study by Thomas and 
his coworkers (9) many patients suffering from 
progressive muscular dystrophy have been treated 
with glycine, and although there is some division 
of opinion as to the therapeutic effect, most au- 
thors confirm Brand’s observation as to the raised 


creatine content in the urine following glycine 
feeding. 

A theory based on the assumption of a defective 
glycine synthesis is in itself rather surprising, 
since it is a generally accepted view that glycine, 
at least, is an amino-acid which the organism itself 
can synthesize. But naturally the idea could not 
be dismissed at the outset, that certain individuals 
did not possess this function, and this deficiency 
might be the cause of a disorder as grave as 
progressive muscular dystrophy. 

If benzoic acid be given to a person, the main 
part combines with glycine and is excreted as 
hippuric acid. This function seems to extend to 
many members of the animal kingdom (pig, rab- 
bit, guinea pig, man), and to be a very adequate 
function, allowing great amounts of benzoic acid 
to be eliminated. McCollum and Hoagland (7) 
succeeded in showing, with pigs reduced to an 
endogenous level of protein metabolism, that the 
formation of hippuric acid could proceed at a con- 
stant level of nitrogen excretion, but was accom- 
panied by a great reduction in the excretion of 
urea. Only when the urea-nitrogen was lowered 
to 20 per cent of the total nitrogen was the nitro- 
gen excretion increased, indicating an increased 
breakdown of protein. 

In their first studies Brand, Harris, Sandberg 
and Ringer (3) fed benzoic acid to their patients 
with progressive muscular dystrophy. The hip- 
puric acid excretion is not mentioned, but they 
conclude : “ The transformation of glycine into 
creatine was further confirmed by the drop in 
creatine excretion following benzoic acid and so- 
dium benzoate feeding.” In 1933 Harris and 
Brand (5) write: “It was repeatedly found that 
the administration of benzoic acid produced a 
prompt and appreciable decrease in the creati- 
nuria,” and this statement is illustrated by a chart. 
In 1933 Shorr, Richardson and Wolff (8) find, 
in patients with Graves’ disease, a sharp increase 
in creatine excretion following sodium benzoate 
231 
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feeding. With the exception of the above men- 
tioned chart by Harris and Brand (5) none of 
these authors publishes data in support of their 
assertions. 

In 1933 Freiberg and West (4) published their 
investigations on the fonnation of hippuric acid 
in 3 children with muscular dystrophy, using 3 
normal children of corresponding age and weight 
as controls. The amounts of benzoic acid fed, 
0.1 gram per Icgm. of body weight, are rather in- 
significant, but their results show that the pa- 
tients synthesize hippuric acid, and hence glycine, 
at the same rate as the nonnal controls. Their 
results are collected in Table I, supplemented by 
my calculations of the hippuric acid that could 
have been produced from all the benzoic acid 
ingested, and the amount of glycine present in the 
hippuric acid excreted. 

TABLE I 

Data from Freiberg and West (4). Glycine synthesis in 3 
children with progressive muscular dystrophy after 
benzoic acid feeding 



Age 

Body 

■weight 

Ben- 

zoic 

acid 

in- 

gested 

Hippuric acid 

Glycine 

Found 

Calcu- 

lated 

Found 

Calcu- 

lated 


years 

kgm. 

grants 

grams 

grams 

grams 

grams 

Patient 1 

11 

34.6 

3.46 

4.698 

5.52 

1.81 

2.13 

Control 1 

12 

36.0 

3.60 

4.108 

5.75 

1.58 

2.21 

Patient 2 

9 

28.6 

2.86 

3.214 

4.56 

1.24 

I 1.76 

Control 2 

8 

27.2 

2.72 

3.050 

4.35 

1.18 

1.67 

Patient 3 

8 

21.6 

2.16 

2.436 

3.45 

0.94 

1.33 

Control 3 

8 

22.5 

2.25 

2.847 

3.60 

1.08 

1.38 


As will be seen from Table I, the authors (4) 
cannot account for all the benzoic acid ingested, 
but this may be caused partly by the fact, which 
their curves seem to show, that the excretion did 
not stop altogether within the time of sampling 
(5 hours). A more serious objection is that 
these small amounts of benzoic acid cause only 
very minute amounts of glycine to be produced. 
If the therapeutic dose for children of this age 
is about 15 grams per day, the experiment must 
show that the diseased organism can synthesize 
amounts of about the same order. 

It may likewise be objected that the glycine 
present in the hippuric acid might have been ex- 
tracted from the patients own proteins, which 
contain on an average about four per cent of 


glycine. To guard against such an objection, it 
is necessary to determine the nitrogen excretion 
simultaneously. The organism being without gly- 
cine-deposits, such an extraction of glycine from 
the protein molecules must of necessity mean the 
total disintegration of the molecules, with con- 
sequent increase of nitrogen excretion to a level 
twenty-five times as great as the nitrogen content 
of the glycine extracted. 

In 1934 Linneweh and Linneweh (6) published 
their results from feeding benzoic acid to two 
adult patients with progressive muscular dys- 
trophy. They determined the nitrogen excretion 
simultaneously with the hippuric acid excretion, 
and found that the hippuric acid excretion was 
paralleled by a rise of nitrogen excretion in the 
urine, corresponding fairly well with the nitrogen 
content of the hippuric acid. While it must be 
admitted that their doses of benzoic acid are 
fairly large, it can only be regretted that in one 
of their patients the hippuric acid output is rather 
poor, 22 grams only, while 48 grams should have 
been expected from the 30 grams of benzoic acid 
ingested. It might therefore equally well be con- 
cluded that the hippuric acid synthesis is impaired 
in this patient. Their data have been arranged 
in Table II, together with the supplementary 
calculations. 

TABLE II 


Data from Linneweh and Linneweh {6) . Glycine synthesis tn 
2 adult patients with progressive muscular dystrophy 
after benzoic acid feeding 



Benzoic 

Hippuric acid 

Glydne 


acid 

ingested 

Found 

Calcu- 

lated 

1 

Found 

Calcu- 

lated 

Control 

grams 

30 (?) 

grams 

36 

grams 

48.0 

grams 

13.85 

grams 

18.50 

Patient 1 

16 

25 

25.6 

9.60 

9.85 

Patient 1 

30 

41 

48.0 

15.80 

1 18.50 

Patient 2 

16 

18 

25.6 

6.92 

9.85 

Patient 2 

30 

22 

48.0 

8.46 

18.50 


These authors also determined the creatine and 
creatinine excretion during the experiments, and 
they conclude that the creatinuria is not reduced 
after feeding benzoic acid. 

As will be seen from these quotations, the lit- 
erature is contradictory on one point, viz., the 
question of reduced creatinuria following the 
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feeding of benzoic acid, while on another, the 
synthesis of hippuric acid, no indisputable con- 
clusion can be drawn. It has been the object of 
the experiments now to be described, to throw 
further light on these problems. 

EXPERIMENTAL 

The experiments were performed on six pa- 
tients with t)"pical cases of progressive muscular 
dystrophy, who were admitted to the Department 
of Nervous Diseases and the Medical Depart- 
ment A of the Rigshospital (Experiment II ).^ 
On the day of the experiment and the day pre- 
ceding, the patients were served a glycine-free 
diet consisting of milk, cream, butter, eggs, sugar, 
bread baked from potato meal and whites of egg, 
and courses prepared from these ingredients with 
the addition of salt and spices. No attempt was 
made to make the nitrogen intake constant, be- 
cause of practical difficulties; and because, after 
all, the nitrogen excretion very soon proved to be 
fairly constant. 

It was my aim to give the greatest possible 
amount of benzoic acid during the day of the ex- 
periment, in order to get an acceptable amount of 
glycine synthesized. It was therefore indispen- 
sable to determine (Experiment I), the largest 
dose of benzoic acid (given as sodium benzoate) 
which could be taken without substantial discom- 
fort, together with the duration of its excretion. 

METHOD 

None of the methods described for the determination of 
hippuric acid seem to be generally accepted, nor do they 
give very accurate results, as has been shown in the pre- 
ceding part. I have preferred the method described by 
Widmark (10), the principle of which is titration of the 
benzoic acid after extraction with toluol, in which the 
hippuric acid is almost insoluble. Instead of the large 
extraction vessels described by Widmark, I used the 
smaller tubes constructed by Orskov (11) for similar 
purposes. They possess great practical advantages. 
From the microburette 0.1884 cc. of 0.05 N NaOH is 
measured into one end of the extraction tube (the re- 
cipient), while into the other (the dimittent) is measured 
0.8 cc. of the urine, which has previously been acidified 
with sulphuric acid to about 0.5 N. The tube is filled up 


am indebted to the chiefs of the two departments. 
Professor Dr. med. Viggo Christiansen, and Professor 
Dr. med. Carl Sonne, for their kind permission to per- 
form these experiments on their patients. 


with toluol and rocked for four hours. After this extrac- 
tion, the toluol plus the content of the dimittent is sucked 
off and a surplus of 0.05 N HCl is added to the recipient 
from a microburette. It is heated on a water bath at 
SO to 60° C., and a current of air is blown through the 
recipient to expel the carbon dioxide. The acid is then 
titrated with 0.05 N NaOH from the microburette, using 
phenolphthalein as an indicator. 

Each sample of urine was extracted twice, the first time 
for the determination of “preformed benzoic acid” di- 
rectly on the acidified urine, the second time for the de- 
termination of the “total benzoic acid” after hydrolysis 
of the hippuric acid. 

The heading “ preformed benzoic acid ” is a 
purely practical one, as it covers widely different 
substances, viz., 1, free benzoic acid; 2, ester of 
benzoic acid and glucuronic acid, which disinte- 
grates immediately when sulphuric acid is added; 
3, hippuric acid which, as already mentioned, is 
not entirely insoluble in toluol; 4, other acid sub- 
stances soluble in toluol. 

Although the fraction is small in comparison 
with the hippuric acid fraction, it would seem 
desirable, from a theoretical standpoint, to deter- 
mine the single components. The greatest is, no 
doubt, the hippuric acid, since preliminaxy ex- 
periments had shown it to be so soluble in toluol 
that a not inconsiderable part would be dissolved, 
when the urine was rich in it. Next, an attempt 
was made to determine the ester fraction by em- 
ploying a titration with Benedict’s solution. But 
it appeared that the “ Eigenreduction ” of the 
urine was so considerable in comparison with the 
small amount of glucuronic acid present that the 
plan had to be abandoned. The free benzoic acid 
eludes direct determination, but it is probably 
rather insignificant in amount. This can be said 
with certainty about the “ other acid substances,” 
since this component cannot be expected to in- 
crease after benzoate feeding, and before such 
feeding the whole fraction of "preformed ben- 
zoic acid ” is almost negligible. One must, there- 
fore, be content to determine the sum of the com- 
ponents, and to compromise with the inaccuracy 
introduced by assuming that all the benzoic acid 
determined as “ total benzoic acid ” originates 
from hippuric acid. 

“ The total benzoic acid ” is determined after 
treating equal amounts of urine with 4 N NaOH 
on a boiling water bath for six hours. The fluid 
is neutralized with 2 N H^SO^, and after acidify- 
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-^prefor/nect denzotc acicL. 

— nitropen. 

Fig. 1. Synthesis of Hippuric Acid Feeding Benzoate to a Normal Person during Three 

Consecutive Days, Together with Nitrogen Excretion. 


ing the fluid, the extraction and titration are per- 
formed as previously described. 

All the analyses -were made three times. If 
one differed essentially from the other two, it was 
rejected. If they all differed, a new analysis was 
made. 

Experiment I. On the first day of the experiment, 10 
grams of sodium benzoate were given at 8:20 a.m., and 
as will be seen, the greater part of it was excreted within 
6 hours. The next day, 8 grams were given at 9 and 12 
a.m. and at 7 p.m. Although rather large amounts were 
seen to be excreted during the following night, a new 
dose of 10 grams on the third day showed that the ability 
to synthesize hippuric acid was still unimpaired. During 
the three days of the experiment, 44 grams of sodium 


benzoate were taken (corresponding to 39.7 grams of 
benzoic acid), and in all 38.68 grams of “total benzoic 
acid” were excreted, equalling 61.8 grams of hippuric 
acid, while 59.6 grams should have been expected. This 
corresponds to a glycine synthesis of 21.4 grams. 

The elevations in the nitrogen curve are probably due 
to the nitrogen contained in the hippuric acid, although 
they are not greater than might have been expected from 
the food intake during the daytime. 

After the ingestion of 10 grams of sodium benzoate dis- 
solved in water, a slight but rather disagreeable itch is 
felt in the throat, but it soon disappears. Within ten 
minutes, a sensation of heat, tingling, and pulsation is 
felt in the head and skin, accompanied by a transitory 
xanthopsia. These symptoms all subside within an hour. 
There is no nausea. 




GLYCINE SYNTHESIS IN MUSCULAR DYSTROPHY 


235 


TADLE IH 

Benzoate feeding to 6 patients with progressive muscular dystrophy 


Pa- 

tient 

num- 

ber 

Sex 

Arc 

Date 

Benzoic 
acid In- 
Ecstfonf 

Benzoic ncid 
excreted 

Hippuric 
acid ex- 
creted 

Glycine calculated 

! 

Total nitrogen 
excreted 

Crea- 

tinine 

total 

Crea- 

tine 

total 

From 
benzoic 
acid in- 
RCStCd 

From 
hippuric 
acid ex- 
creted 

Pre- 

formed 

Total 



years 

loss 

grams 

grams 

grams 

mgm, per 
viinute 

grams 

1 

grams 

grams 

mgm. Per i 
minute ' 

mgm. 

mgm. 

1 

M 

16 

August 26 

0 

0.10 

1.12 

1.24 

0 

0.69 

8.76 

6.1 

404 

555 




August 27 

25.4 

3.27 

20.40 

22.60 

15,6 

12.55 

11.40 

7.9 

486 

810 




August 28* 

0 


0.34 

1.81 

0 

0.21 

2.18 

7.3 



2 

M 

24 

j August 23 

0 

0.25 

2.00 

2.23 

0 

1.23 

10.80 

7.5 

891 

612 




' August 24 

25.4 

4.44 

22.80 

25.30 

15.6 

14.00 

15.50 


1050 

570 




August 25* 

0 

0.06 

0.15 

0.78 

0 

0.89 

1.52 

5.1 

991 

370 

3 

1 F 

10 

September 3 

0 

0.32 

0.61 

0.68 

0 

0.38 

1.89 

1.3 






September 4 

8.5 

0.62 

8.20 

9.10 

5.2 

5.04 

3.11 

2.2 






September S 

0 

0.10 

0.38 

0.42 

0 

0.23 

2.55 

1.8 



4 

M 

34 

August 17 

0 

0.20 

0.73 

0.81 

0 

0.45 

6.73 

mm 

1400 

260 




August 18 

25.4 

i.n 

22.70 

25.20 

15,6 

13.95 

10.40 


1370 

222 




August 19* 

0 j 

0.02 

0.14 

0.75 1 

0 

0.86 

1.37 


1030 

108 

5 

M 

21 

April 6 

0 

0.39 

1.77 

1.96 

0 

1.09 

10,75 


481 

305 




April 7 

20.0 

3.40 

18,62 

20.30 

12.0 

11.45 

12.33 

8.6 

656 

702 




April 8 

0 

0.27 

1.02 

1.13 

0 

0.63 

9.75 

6.8 

549 

403 

6 

M 

34 

October 22 

0 

0.27 

0.98 

1.10 

0 

0.60 

7.56 


578 

720 




October 23 

25.4 

1.79 

19.20 

21.30 

15.6 

11.80 

9.00 


516 

1063 




October 24 

0 

0.55 

1.77 

1.96 

0 

1.09 

7.00 

1 


559 

962 


* Only the urine from the first five hours (7 to 12 a.m.) was collected for determination of benzoic acid, 
t Given as sodium benzoate. 


Experiment II. Table III shows that the patients ex- 
crete 80, 90, 97, 90, 93 and 76 per cent respectively of 
the benzoic acid ingested, thereby producing glycine in 
amounts varying from 11 to 14 grams, amounts which 
are fairly comparable with the therapeutic doses of 15 to 
30 grams a day. 

The nitrogen excretion shows only slight variations, 
although there seems to be a rise on the day of benzoate 
feeding. 

Since all the patients show essentially the same features 
in the experiment, we might, as an example, subject Pa- 
tient Number 2 to a closer examination. On the day of 
the experiment he excretes 14 grams of glycine, with a 
nitrogen content of 2.61 grams. If this amount of glycine 
had been taken from a protein molecule containing four 
per cent of glycine, while the rest of the molecule had 
been metabolized, we should have expected the nitrogen 
content of the urine to rise 2S times 2.61 grams, viz., 65 
grams. As the increase is only 4."7 grams, which is but 
slightly more than is contained in the glycine synthesized, 
it must be concluded that all the nitrogen of the protein 
molecules which the organism liberates for this purpose, 
can be utilized in the synthesis of glycine ; in other words, 
that a true synthesis is going on. This result is in good 
agreement with McCollum and Hoagland (7), as well as 
with Linneweh and Linnewch (6). 

A study of the excretion of creatine and creatinine does 


not lend any support to the view held by Brand and co- 
workers (1, 3, 5), that creatinuria is lowered after 
benzoate feeding. The creatinuria shows fluctuations 
during the three days of the experiment similar to those 
usual in these patients. In some cases it is higher on the 
day of benzoate feeding than on the day before and after, 
in other cases it is lower. 

CONCLUSIONS 

The experiments show that six patients with 
progressive muscular dystrophy can synthesize 
almost unlimited amounts of glycine for use in the 
synthesis of hippuric acid. 

From this the conclusion is drawn that progres- 
sive muscular dystrophy cannot be caused by a 
defective synthesis of glycine, and that the bene- 
ficial effect of glycine treatment cannot be due to 
glycine acting as a supplement to the organisms 
own insufficient production as held by Thomas 
and coworkers (9). 

The experiments showed no reduction of cre- 
atinuria when benzoate was fed, so that this ob- 
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servation does not support the hypothesis that 
creatine is synthesized from glycine. 

SUMMARY 

1. A critical account is given of experiments 
showing the synthesis of glycine in patients with 
progressive muscular dystrophy. 

2. The results of benzoate feeding on six pa- 
tients suffering from progressive muscular dys- 
trophy are recorded together with similar experi- 
ments on one normal subject. 

3. The experiments show that the patients are 
capable of synthesizing glycine equal to the usual 
therapeutic doses. 
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HUMAN INFLUENZA 1 
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The studies reported here deal with the pre- 
vention of “ influenza ” in a group of individuals 
immunized by means of intramuscular injections 
of active - human influenza virus in the presence 
of an oncoming epidemic which occasioned a 
marked morbidity in the unvaccinated people of 
the same community. 

Shope (1, 2, 3, 4) first reported the successful 
immunization of hogs against swine influenza by 
the intramuscular injection of active swine influ- 
enza virus; the swine were immunized not only 
against the mild respiratory disease, “ filtrate dis- 
ease,” caused by the virus alone, but also against 
the severe respiratory disease, true swine influ- 
enza, which is caused by the synergistic activity 
of the swine influenza virus and Hemophilus in- 
fluenzae suis, an organism indistinguishable 
morphologically and culturally from the non- 
indol-producing strains of the human Pfeiffer’s 
bacillus. Smith, Andrewes, and Laidlaw (5, 6, 
7, 8, 9) and Francis, Magill and Shope (10, 11, 
12, 13, 14, IS) demonstrated that ferrets and 
mice could be infected by the viruses of swine 
and human influenza and could be immunized 
against the severe manifestations of the diseases 
by the subcutaneous injection of active virus. 
The human influenza virus was more active in its 
production of cross-neutralizing properties than 
was the swine influenza virus which they found 
might or might not produce such cross-neutraliza- 
tion depending apparently upon the number of 
exposures. They noted that a ferret recovering 
from the swine influenza virus became partially 
or completely immune also to the virus of human 


^ These studies were assisted by a grant from the Bu- 
reau of Animal Industry, United States Department of 
Agriculture, and by the Lyophile Serum Fund donated 
by the Board of Managers of the Abington Memorial 
Hospital. 

- The term “ active ” is here applied to virus which is 
capable of producing the disease. 


influenza and vice versa; the human influenza 
virus, however, was more active in its production 
of such a cross-immunity. The immunity in the 
recovered ferrets remained for approximately three 
months (8). Neutralizing properties in the sera 
of ferrets were at a high level following the dis- 
ease or following active -immunization and were 
still present, but in much reduced amounts, when 
the animals again became susceptible to the dis- 
ease (8). The synergistic activity of a virus and 
a bacterium was not necessary to produce a severe 
lower respiratory infection in ferrets and mice, 
although Francis (16) has shown that ferrets har- 
boring pathogenic hemolytic streptococci develop 
more severe manifestations of lower respiratory 
infection when influenza virus is injected into 
the respiratory tract than do the animals in which 
streptococci are absent. These workers demon- 
strated that susceptible animals were not infected 
by injections of active virus except when it was 
placed directly in the respiratory tract, since in 
their experiments subcutaneous, intramuscular, 
intraperitoneal and intravenous injections did not 
produce the disease. 

In view of the successful production of active 
immunity in lower animals and in view of the 
prevalence of human influenza due to similar 
strains of virus in such widely separated places 
as Australia (17), England, Puerto Rico, New 
York, Alaska and Philadelphia (14, 18), it ap- 
peared essential to study the production of active 
immunity in human beings with a view towards 
prevention of the epidemic disease. 

Neutralization tests 

In September and October of 1935, several 
members of the hospital staff and a few hospital- 
ized children who showed only small amounts of 
neutralizing substances in their sera against the 
human and swine viruses (PR— 8 of Francis and 
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S-15 of Shope) were injected intramuscularly 
with both agents in an active state. An increase 
in the amount of neutralizing substances to the 
homologous virus in the sera of a number of the 

VIRUS tr-q 
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which resembled influenza clinically appeared 
rather suddenly in and around Philadelphia. 
Shortly following the advent of the first few 
cases, immunization with the active viruses of 

SWIRE V1HU5 s-15 



Ago 1-8 9-12 Over 22 years 1-6 9-12 over 12 

No. of 

Cases 13 2 0 37 13 20 3 7 

Fig. 1. Virus Neutralizing Substances by Ace Groups in Unvaccinated 

Individuals 


individuals was noted, results similar to those re- 
ported for experiments with the human influenza 
virus conducted simultaneously by Francis and 
Magill (19). 

During the fall and early winter of 1935, sera 
of a large group of individuals over a wide age 
range were tested for the presence of neutralizing 
antibodies against the viruses of human and swine 
influenza. The results of the tests conform in 
general to those conducted by the workers already 
mentioned (20, 21), and are shown in Figure 1. 
In contrast to the results already reported a few 
of the sera of the children under twelve years of 
age showed neutralizing properties against the 
virus of swine influenza S-15 of Shope.® 

A large number of the sera included in Figure 
1 were obtained from a State Colony^ of ap- 
proximately eight hundred males, men and boys, 
near Philadelphia, and it was during the studies 
of them in February, 1936, that an epidemic 

3 This finding may have been due to the comparatively 
close contact of this group of children with a herd of 

swine. . , 

4 We are indebted to the Department of Institutions 

and Agencies of the State of New Jersey, and to Dr. 
Carroll T. Jones, Superintendent of the Colony, for 
their cooperation in these studies. 


human and swine influenza was initiated in the 
colony. 

Preparation of vaccine 

In the preparation of vaccine for the study of 
active immunization, the viruses (S-15 of Shope 
and PR-8 of Francis) were grown both upon 
chick embryo in modified tissue cultures and in 
mouse lung. During the early part of the winter 
of 1935 the PR-8 strain grown upon chick em- 
bryo failed to give constant lesions in mice. For 
this reason and as a temporary expedient, a 10 
per cent emulsion of infected mouse lung in nor- 
mal saline solution was used as a vaccine. This 
emulsion was filtered through a Berkefeld filter, 
the filtrate was cultured, and intramuscular in- 
jections of 0,5 cc., 1 cc. and 1 cc. were given at 
intervals of one week. Anesthetized mice were 
inoculated intranasally with the filtrate immedi- 
ately preceding and following the intramuscular 
injection, in order to be certain that active virus 
was present in the vaccine. The Swiss mice used 
for the vaccine were from a stock colony, free as 
far as could be determined from viruses infectious 
for man, including the virus of choriomeningitis 
described by Armstrong and Lillie (22) and by 
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Rivers and Scott (23). Tliere was some loss of 
virus during filtration, and for this reason, as well 
as for the better control of possible extraneous 
viruses, we would have preferred chick embryo 
media, had the growth of PR-8 virus been con- 
stant. Experience has shown also that chick 
embryo tissue is a weak antigen in comparison 
with the protein of mouse lung. In later studies 
an alteration of the method of culture on chick 
embry^o insured relatively constant growth of the 
virus. 

CLINICAL STUDY 

The colony had 17 houses amongst which the 
inmates were about equally divided. There was 
a common dining hall and a common amusement 
hall which insured close contacts of all the in- 
mates. Approximately one-third of the inmates 
of each house was injected, one-half of this 
number, namely one-sixth, being injected with ac- 
tive swine virus, the other one-sixth with active 
human virus.® A greater number were given 
swine vaccine than human vaccine so that in all 
110 were injected with human virus and 138 with 
swine virus ; approximately 5S0 were unvac- 
cinated. Mild local reactions to the vaccine were 
noted in a few individuals, and in one instance 
marked localized erythema and tenderness with 
slight swelling remained for two days at the site 
of injection. Although those injected were under 
constant observation, no allergic or generalized 
reactions were noted. Blood for neutralization 
tests was collected from the 248 injected indi- 
viduals before vaccination and again two weeks 
following the third injection of vaccine. At the 
same time blood for similar tests was collected 
from sixty of those not vaccinated. Because the 
first neutralization tests showed that the undiluted 
sera of a large part of the colony neutralized both 
swine and human influenza viruses, further tests 
were performed with serum diluted as much as 
1 : 80. The neutralizing antibodies in collected 
serum do not change over a considerable period 
of time at ice-box temperature, and for this rea- 
son it was possible to examine the sera taken 

° Shope demonstrated in his experiments on influenza 
in swine that if as much as one-half of a herd of swine 
was actively immunized, an epidemic of the disease would 
not spread readily through the herd; whereas when only 
one-third of the herd was immunized a more rapid spread 
of the disease occurred. 


before and after the injections of vaccine at the 
same time against the same virus suspension. It 
was found that the dilution of sera with physio- 
logical salt solution had a deleterious effect on the 
viruses, and after trial of several diluents, nutri- 
ent broth was selected as the most satisfactory. 
Healthy white mice ® were inoculated under ether 
anesthesia with 10 per cent saline suspensions of 
either the swine or human strain of virus. The 
mice were killed when moribund or at the end of 
the sixth day, and their lungs were removed 
aseptically and stored in 50 per cent glycerine. A 
weighed 2 per cent saline suspension of these in- 
fected lungs was made and centrifuged at about 
1200 r.p.m. for two minutes. The sera were di- 
luted with nutrient broth 1:10 and 1 : 40 for test- 
ing against the human strain, and 1 : 20 and 1 : 80 
for the testing against the swine strain. The di- 
luted sera were mixed with equivalents of a 2 per 
cent suspension of infected lung and placed in the 
ice box at 3 to 4° C. overnight. Each mixture 
was inoculated intranasally into three mice under 
ether anesthesia. At the end of the sixth day 
the mice still living were killed and their lungs 
examined. The neutralizing effect of a serum of 
unknown potency was determined by a compari- 
son of the extent of lung lesions in mice receiv- 
ing the mixture of the virus and the serum in 
question, with the lesions in the mice receiving 
the mixture of nutrient broth and virus. The 
severity of the lung lesions was tabulated as 1, 2, 
3, and 4 -f-.^ 

Table I shows a summary of the results of the 
neutralization tests in the three groups of indi- 
viduals in the colony. Due to a number of fac- 
tors, such as contamination and the necessity for 
repetition, it was not possible to include in this 
table all of the sera collected. It is to be noted 
that a significant increase in the amount of neu- 
tralizing antibodies occurred only in the indi- 

®We are indebted to Sharpe and Dohme Company 
for the majority of mice used in this study. 

r “ 1 -j- ” Influenzal pneumonia involving up to % of 
lung at postmortem. 

“ 2 -t- ” Influenzal pneumonia involving from H to H 
of lung at postmortem. 

“ 3 -J- ” Influenzal pneumonia involving from % to % 
of lung at postmortem. 

“44-” Influenzal pneumonia involving from 44 to all 
of lung at postmortem. 
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viduals injected with the human strain of virus; 
even in this group only 31 per cent, as calculated, 
showed such an increase. In the summary of a 
previous report (24) it was stated tliat “both 
the human and the swine vaccinated groups 
showed an increase in neutralizing substances to 
their homologous viruses, and to a lesser extent 
to their heterologous viruses.” In the repetition 
of the tests the use of nutrient broth in place of 
physiological salt solution as a diluent altered the 
findings as noted in Table I. 


TABLE I 

Summary of neutralization tests 



Total 

Increase 

No Increase | 

Decrease 

Group 

num- 







berof 

sera 

tested 

Num- 

ber 

Per 

cent 

1 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 


AGAINST S-IS SWINE INFLUENZA VIRUS 


Unvaccinated 

43 

1 

8 

18.6 

1 

35 

81.4! 

1 

0 

0 

S-15 vaccinated. . . 

107 

21 

19.6 

83 

77.6 

3 

2.8 

PR-8 vaccinated . . 

86 

14 

16,2 

72 

83.8 

0 

! 

0 


AGAINST PR-8 HUMAN INFLUENZA VIRUS 


1 

Unvaccinated 

45 

4 

8.8 

38 

84.41 

3 

6.7 

S-15 vaccinated, , . 

112 

10 

8.9 

98 

87.5 

4 

3.5 

PR-8 vaccinated . . 

84 

25 

31,0 

58 

69 

0 

0 


RESULTS 

The epidemic covered a period of approxi- 
mately two months, beginning in the latter half 
of February, with the largest number of cases oc- 
curring during the fifth week. Although a few 
cases of the disease occurred previous to vaccina- 
tion, during the period of the study approximately 
25 per cent of the colony developed respiratory 
infections. These were divided into febrile and 
afebrile groups. This was possible since all 
febrile individuals with mouth temperatures of 
99.6° F.® or over were immediately removed 
from the houses and placed in bed in an excellent 
hospital on the colony grounds. 

Amongst the febrile group the clinical picture 
was typical of that associated with epidemics of 
grippe or influenza with a low leukocyte count of 

s.it was' customary in the colony to hospitalize only 
those -with temperatures considered significant, and for 
this reason the arbitrary figure of 99.6° F. was es- 
tablished. 


4000 to 7000 (unless secondary complications oc- 
curred), considerable backache, headache and ach- 
ing in the muscles of the extremities, and certain 
signs and symptoms of upper and lower respira- 
tory involvement. The afebrile group resembled 
more closely cases of common cold. There was 
some overlapping of signs and symptoms in the 
two groups. The epidemic was considered at an 
end when admissions to the hospital dropped to 
one every other day. Table II, showing the com- 


TABLE II 

Summary of clinical results 


1 

Group 

Num- 
ber in 
group 

FebriJe cases 

Afebrile cases 

Num- 
1 ber 

1 

Per 

cent 

Num- 

ber 

Per 

cent 

Unvaccinated 

550 

’ 69 

12.5 

59 

10.7 

S-15 vaccinated 

138 

' 17 

12.4 

20 

14.3 

PR-8 vaccinated 

no 

3 

2.7 

16 

14.5 


Application of the X* test to these data shows that the 
observed differences in the febrile cases between the PR-8 
vaccinated and the unvaccinated groups are significant. 
The above_ data differ slightly but not significantly from 
the preliminary report mentioned (24) owing to a more 
complete analysis of the case records than was possible 
at the end of the epidemic when the preliminary report 
was made. 

parative incidence of febrile and afebrile cases in 
the vaccinated and the unvaccinated groups, in- 
cludes only cases which occurred after the 
seventh day from the time of the first vaccina- 
tion, Other studies have demonstrated the de- 
velopment of immunity during the second week 
following exposure to the virus (25). The es- 
sential point in Table II is the low incidence of 
the febrile disease in the group vaccinated with 
the human virus. In only one of the three febrile 
cases occurring in this group, a boy of 8 (F. C.), 
did the temperature rise to over 100° F. This 
boy developed a temperature of 103° and appeared 
to have typical influenza. That the low incidence 
might have been due to a nonspecific reaction 
from the emulsion injected is not probable, since 
the percentage incidence of the febrile disease in 
the group vaccinated with swine virus was equal 
to that of the unvaccinated group. In addition, 
it is evident that the incidence of afebrile infec- 
tion in the three groups appears to be affected 
little if any by vaccination with either virus. 

It appears probable that the afebrile groups m- 
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eluded both the cases of common cold and the 
cases of mild influenza. On this account a re- 
duction would have been expected in the incidence 
of afebrile cases amongst the group vaccinated 
with human virus. The absence of such a reduc- 
tion may have been due to the fact that the vac- 
cination shifted to the afebrile or mild group a 
number of cases who Avithout vaccination would 
have been in the febrile group. 

Influenza virus as a probable causative 
agent in the epidemic 

At the height of the epidemic, washings were 
taken from the noses and throats of three un- 
vaccinated individuals Avho were hospitalized and 
from hvo hospitalized individuals who had re- 
ceived swine virus vaccine. Since we were un- 
able to obtain ferrets at this time. Dr. Francis 
kindly agreed to pool the washings from the vac- 
cinated and unvaccinated groups respectively and 
to inject them into hvo ferrets at the Rockefeller 
Institute for Medical Research. One of the fer- 
rets died of pneumococcal empyema and no influ- 
enza virus was obtained by passage from the other 
ferret. 

It is also possible to determine the presence or 
absence of the influenza virus as a causative agent 
of such an epidemic by means of neutralization 
tests on the sera of unvaccinated individuals who 
suffered attacks of the disease (12). The serum 
was collected in the early stages of the disease and 
three weeks following the attack, and a compari- 
son of the results of neutralization tests was made. 
Such determinations were made on the sera of a 
few of the unvaccinated hospitalized individuals 
in the colony and on the sera- of a number of in- 
fants and children in the nearby city of Phila- 
delphia who Avere attacked during the same epi- 
demic and in a similar manner to those in the 
colony. Amongst the individuals in this entire 
group who showed no neutralizing antibodies in 
their serum at the height of the disease, there 
Avere found some Avho had them against the hu- 
man virus, in a 1 : 1 mixture of the virus suspen- 
sion and serum, following convalescence. In one 
child partial neutralization Avas found folloAving 
convalescence, Avhile in the other children there 
Avas complete neutralization. The evidence there- 
fore is good that the human influenza Aurus Avas 


present during the epidemic; that it was the 
causative agent also appears probable. In the 
fcAv cases studied Avhich already possessed marked 
neutralizing properties in their sera, no increase 
or decrease of such antibodies was noted follow- 
ing convalescence, with the exception of one case 
Avhich showed a moderate decrease. 

The neutralization tests on the sera of these 
children are shown in Table III. As mentioned 

TABLE ni 

Neutralisation tests on sera taken at height of illness and 
during convalescence in the youngest group of cases 
front the epidemic area around the colony 


Case 

Age i 

High- 

est 

tem- 

Days 

in 

hos- 

pital 

Days of 
illness 
previous 

Neutralization tests 



pera- 

ture 

to first 
test 

Date 

Result 

T.H. 

yean \ 
7 

°F. ; 
104.0 

13 

3 

1936 

March 19 

Complete protection 

E.D. 

3 

100.2 

21 

11 

March 18 
April 7 

Complete protection 
Partial protection 

W.B. 

2 

103.8 

70 

17 

March 22 
March 30 

Complete protection 
Complete protection 

L.G. 

3 

lOS.O 

28 

15 

March 26 
April 4 

No protection 
Incomplete protection 

J.J. 

n 

lOS.O 

13 

7 

March 17 
March 2 1 

No protection 

No protection 

L.L. 

6 

100.8 

IS 

3 

March 18 
April 7 

No protection 
Complete protection 

J.P. 

4 

9P.8 

4 

12 

March 30 
April 4 

No protection 
Complete protection 

E.R. 

2 

103.4 

17 

14 

March 24 
April 7 

No protection 
Complete protection 

E.S. 

5 

105.6 

16 

21 

March 30 
April 10 

Complete protection 
Complete protection 


in this report and in the reports of other Avork- 
ers, neutralizing properties against the human 
virus are found in approximately 66 per cent of 
children at these ages (20). The fact that com- 
plete neutralization of the virus was found in a 
number of tbe cases during their illness may have 
been due to tbe length of illness before admission 
to the Hospital and therefore before the serum 
was Avithdrawn ; all of the children were admitted 
on account of severe complications such as bron- 
chopneumonia folloAving mild upper respiratory 
disturbances of considerable duration. The length 
of their illness previous to the first AvithdraAval of 
serum for testing is shoAvn also in Table III. 

DISCUSSION 

The epidemic described Avas of moderate se- 
verity. That it AA'as considered as influenza from 
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tile clinical standpoint depended chiefly upon the 
low leukocyte counts and the respiratory symp- 
toms together Avith aching of the limbs, head, and 
back. From the laboratory standpoint the ap- 
pearance of neutralizing antibodies in the sera of 
unvaccinated children in the epidemic area around 
the colony during convalescence Avhen none 
were present in their sera during the illness, 
places the human influenza virus in all probability 
as the causative agent. The low incidence of the 
epidemic disease in the group of individuals vac- 
cinated with the active human influenza virus 
corroborates the clinical and laboratory evidence. 
Studies of the nasal and throat washings were 
not sufficient to furnish significant data. 

It is of interest that a large group of indi- 
viduals who possessed neutralizing properties 
against the virus of human influenza should still 
be susceptible to the disease, if the human virus 
was the causative agent. The findings of Smith, 
Andrewes, and Laidlaw (8) that ferrets rvith 
waning immunity may be infected while still 
showing neutralizing antibodies in their sera 
may explain this susceptibility. In addition, it is 
of interest that vaccination of a large group of 
individuals with active human influenza virus in- 
creased the serum neutralizing antibodies in only 
31 per cent, and yet appeared to increase the re- 
sistance to infection in practically the entire 
group injected. That immunity and neutraliz- 
ing properties are associated but do not in many 
instances run parallel to each other has been well 
demonstrated by Shope in his studies of swine in- 
fluenza virus. However, when such neutralizing 
antibodies appear for the first time in an indi- 
vidual’s serum during convalescence from an in- 
fection, the influenza virus in all probability is 
the responsible factor. 

SUMMARY AND CONCLUSIONS 

1. The neutralizing properties of human sera 
collected from individuals of different age groups, 
against the viruses of human and swine influenza 
are tabulated and compared with the results of 
other workers. 

2. The intramuscular vaccination with active 
swine and human influenza virus of a group of 
individuals in a large State Colony, in the pres- 
ence of an oncoming epidemic of “ influenza,” is 
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desci ibcd. One hundred and ten individuals Avere 
vaccinated with human virus and 138 individuals 
with swine virus, while 550 were not vaccinated. 

3. The incidence of febrile and afebrile infec- 
tion in the colony is tabulated. There was an 
incidence of 2.7 per cent febrile cases in the 
group vaccinated with human virus as compared 
with an incidence of approximately 12.5 per cent 
in the other two groups. This difference is sta- 
tistically significant. In a comparison of the in- 
cidence of the afebrile, the “ common cold ’’ type 
of infection, in the three groups no significant 
difference was noted. 

4. The presence of the human influenza virus 
during the epidemic as a probable causative agent 
was detennined by means of neutralization tests 
on the serum of a number of hospitalized children 
in the epidemic area who had not been vaccinated. 
During the height of their illness no neutralizing 
antibodies against the human virus were found, 
whereas during convalescence. they appeared for 
the first time. Studies of the nasal and throat 
washings from the febrile cases were not suffi- 
cient to furnish significant data. 

5. Additional evidence is furnished suggesting 
that resistance to infection and neutralizing prop- 
erties of serum are associated but probably do not 
always parallel each other. 

6. Further studies of a similar nature among 
larger groups of individuals will be necessary 
before final conclusions can be drawn concerning 
the value of immunization against influenza ivith 
the active human influenza virus. 
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The most direct approach to the study of ab- 
sorption from the gastro-intestinal tract, both in 
man and in animals, is offered b\’ those metliods 
that make use of tlie introduction of a known 
amount of a test substance into the alimentaiy 
canal, followed b}' the estimation of what is left 
after a definite period of time. Cori (1, 2), 
working with animals, introduced the substance 
by stomach tube, killed the animal after a certain 
time, and determined the amount of the substance 
still present in the digestive tract at that moment. 
His technique has been adopted by many other 
physiologists. The procedure of intestinal intu- 
bation with the aid of a rubber tube having a 
collapsible balloon at its lower end developed by 
Miller and Abbott (3) offered an opportunity for 
a direct study of intestinal absorption in man. 
The present paper gives the results of a study of 
the absorption of three hexoses : glucose, galactose 
and levulose in normal adult human subjects. 
Similar studies, carried out on patients with in- 
testinal disturbances will be reported elsewhere. 

■ JIETIIODS 

A Complete description of the tube is given by Miller 
and Abbott (3) and Owles (4). Their teclinique has 
been modified for the present investigation. 

Principles. Miller and Abbott have recommended the 
use of a three-lumen tube furnished with two balloons for 
absorption experiments. They contend that in studying 
absorption in segments of small intestine that are isolated 
between two balloons an objective measurement of the 
process of absorption per se is obtained. On the other 
hand, it seemed to us that under these circumstances a 
free flow of gastric juice and bile into the segment that 
is being studied cannot take place, which might interfere 
with the normal conditions of absorption. Moreover, in 
working with hypertonic solutions a considerable secre- 
tion of fluid takes place from the intestinal wall into the 
lumen. The accumulation of fluid tends to distend an 
isolated loop which may give rise to pain and leakage. 


^ Rockefeller Foundation Fellow, 1935-1936. 


For these reasons, we have chosen a tube with two 
lumina and only one balloon. 

The tube is furnished with metal markers at certain 
points which enable the investigator to ascertain its e.xact 
position on the .x-ray screen or on an x-ray plate. One 
of the lumina leads into the collapsible rubber balloon at- 
tached at the end of the tube. Once the tip of the tube 
reaches the jejunum the inflation of the balloon with air 
to the correct pressure will block off the intestine, so 
making the duodenum and upper part of the jejunum a 
cavity closed at the lower end. The second lumen of the 
tube leads into a number of holes that open above the 
balloon; through these the test substance is introduced 
into the intestine. Tlie test substance is thus in contact 
with the mucous membrane of the duodenum and the 
upper part of the jejunum between the pylorus and the 
balloon. It is allowed to remain there for a certain 
time, after which wliat is left is recovered by aspiration 
and washing. 

Miller and Abbott (3) observe their subjects under 
the fluoroscope during the introduction of the tube. We 
have preferred to introduce the tube first by the routine 
procedure customary for intubation of the duodenum. 
The subject swallows the tube quickly until the 55 cm. 
mark is reached, when the tip of the tube is in the 
stomach. The subject then lies down on the right side 
and is instructed to continue swallowing the tube slowl}’ 
until the tip of the tube has reached the desired position 
in the jejunum at about 125 to 130 cm. from the teeth. 
The time required for the passage of the tip of the tube 
to the desired point varies between 2 and 4 hours. The 
main delay occurs at the pylorus and the duodeno-jejunal 
flexure. 

The criteria that furnish the indications that the tube 
has entered the jejunum are: (1) the length of the tube 
swallowed without kinking by the subject; (2) the ap- 
pearance of bile on aspiration through the tube; (3) the 
localization of the pain e.xperienccd by the subject on 
inflation of the balloon. Usually, so long as the balloon 
is still inside the stomach, the subject feels only a vague 
sensation ; if the balloon is inside the duodenum, most 
subjects localize the pain on inflation very definitely in 
the median epigastric region, a few in the right hypo- 
chondrium. After the tip of the tube has passed the 
duodeno-jejunal fle.xure, the localization becomes much 
more variable : the pain is e.xperienccd in the left hypo- 
chondrium, the umbilical region or the lower part of the 
abdomen, either to the right or left. Without claiming 
an absolute validity for these subjective localizations 
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(wliich can never lake Ihc i)Iacc of an x-ray control), we 
iiavc obtained from tlicin very useful information. The 
subject is now examined eillicr by fluoroscopy or by ex- 
posure of an x-ray ])latc. By this means llic exact i)osi- 
tion of the tube is definitely ascertained. This simplifica- 
tion saves tlic subjects imicli exposure to radiation and it 


observed to pass either backward tlirougli the pylorus or 
forward past the liailoon (Figure 1). We feel confident 
tliereforc that no regurgitation took place during the ab- 
sorption tests to be described, provided the subjects were 
quiet, the amount of fluid introduced not too great, and 
the pressure in the balloon not too high. 



Fig. 1. The Tube in Situ 

The barium is seen to occupy the duodenum and upper part of the jejunum. 


also makes the method available for investigators who 
have not the equipment necessary for observing subjects 
continuously under the fluoroscope. Moreover, it makes 
the intubation applicable to patients who are too ill to 


stand much handling. _ . , 

Controls The question of regurgitation into tne 
stomach during the absorption tests required special con- 
•rif>ration In two experiments in which barium sulphate 
was added to a concentrated glucose solution, the fluid 
could be seen under the fluoroscope moving up and down 
Td spreading out over the whole of the area between 
u”e pylorus and the neck of the balloon. No barium was 


1 every experiment, some of the stomach con cn * 
rated and tested for sugar. If ^^SU^gitation w 

2 the experiment was discarded. Lea 'age , 
adequately prevented if the pressure in i 

kept above 25 cm. of water. This has beenjlemo. _ 
ted by Miller and Abbott (3), Ovvles ( 

2 s by the introduction into the gut of 
tanccs such as vital red or 30 

could be recovered quantitatively by P 

jtes later. , . _ often 

objects. After the first tests, the subjec s 
to swallow the tube to the desired pon 



ABSORPTION OF HEXOSES IN MAN 


247 


themselves. All subjects used for this study were adults, 
volunteers, varj’ing in age between 18 and 60 years. One 
of the subjects (S) was a woman; the others were men. 
All were in a healtliy state of nutrition. Their Weights 
varied from 120 (S) to 175 pounds (M). Two subjects 
(T and F) were epileptics, but as far as could be ascer- 
tained by routine physical and chemical examinations, 
were without any sign of “organic disease." No sig- 
nificant differences in absorption that could be attributed 
to differences in age, sfcx, or weight of the subjects were 
discovered. The absorption values in these individuals 
seemed sufficiently constant within the limits of experi- 
mental error to exclude the presence of individual pe- 
culiarities. 

Procedure. By preliminary experiments a period suffi- 
ciently long to permit absorption of several grams of 
sugar was determined. The following standard tech- 
nique was then adopted, in which the time of the absorp- 
tion and the time required for aspiration and washing 
out of the solution were kept constant in every experi- 
ment. The fasting subject was instructed to swallow the 
tube until the tip of the tube appeared to be in the correct 
location by the criteria described above. An x-ray pic- 
ture was then made to ascertain the exact position of the 
tip inside the intestine and to determine the distance be- 
tween the pylorus and the neck of the balloon. This 
length was measured from the position inside the in- 
testine of the metal markers on the tube. Since, as will 
be shown later, the absorption rate varies in direct pro- 
portion with the length of intestinal surface area exposed 
(Table II), all our experiments, when other variables 
were being studied, were carried out with a constant 
length (SO cm.) of this “ absorption area." Whenever it 
was not possible to adjust the tube to just this length a 
correction was used in the calculation of the final results. 
After x-ray control had given evidence that the tube 
was in the desired position, the balloon was inflated with 
air to a pressure of 25 to 40 cm. of water and the mainte- 
nance of this pressure controlled. The subject was in- 
structed to lie quietly and avoid coughing. 

One hundred cc. of sugar solution were then introduced 
slowly under constant control of the pressure in the , 
balloon, followed by about 15 cc. of water to force the 
solution from the dead space in the tube down into the 
gut. The introduction of the solution took about 5 min- 
utes. All this time the pressure in the balloon was 
watched and, if necessary, readjusted to the level of 25 
to 40 cm. of water. 

Exactly half an hour after the beginning of the injec- 
tion of the solution, the intestinal content was aspirated 
with an ordinary syringe. The‘'period between introduc- 
' .tjoh and aspiration will be referred to as “ absorption 
time.” Aspiration took about 5 minutes, after which a 
thorough washing followed to insure complete recovery 
of the material introduced. The washing was carried out 
by making the subject drink 100 cc. of water four times 
at 5-minute intervals. This fluid could usually be aspir- 
ated from the jejunum 6 to 12 minutes after it had been 
swallowed. On its way downward it washed out the re- 


maining sugar solution. Half an hour after the first 
withdrawal of the solution from the intestine, Benedict’s 
test for the presence of sugar in the washings was in- 
variably negative. At that time the balloon was deflated 
and the tube carefully withdrawn. 

Intestinal contents and subsequent washings were col- 
lected separately and analyzed for sugar both by polar- 
imetry (after precipitation with lead acetate) and by a 
reduction method (Benedict’s). Usually the results 
agreed within fairly narrow limits. Chlorides, if de- 
sired, were determined by Whitehorn’s method (5). In 
many experiments a capillary blood sugar curve was de- 
termined along with the absorption test, using the micro 
method of Folin (6). 

RESULTS 

Influence of concentration on absorption rate 
of glucose. In this series of 11 experiments the 
length of "absorption area” (that is, the dis- 
tance from the pylorus to the neck of the balloon) 
was 50 cm. in all tests. The " absorption time ” 
was half an hour. The washing out of the sugar 
solution also took half an hour. The quantity of 
solution introduced was always 100 cc. The only 
variable in the series was therefore the concentra- 
tion, respectively 5, 7.5, 10, 15, and 20 per cent of 
glucose. The results are given in Table I. In the 


TABLE I 

Influence of concentration on the absorption of glucose by a 
standard area of 50 cm. length of upper small intestine 


Subject 

Date 

Quantity of glucose 

Introduced 

Absorbed 

M 

March 16, 1936 

grams 

5.0 

grams 

4.50 

M 

March 5, 1936 

7.5 

6.17 

M 

November 16, 1935 

10.0 

7.77 

E 

April .15, 1935 

10.0 

9.00 

M 

November 18, 1935 

15.0 

8.30 

M 

December 20, 1935 

15.0 

7.16 

M 

December 23, 1935 

15.0 

7.00 

M 

December 28, 1935 

15.0 

7.85 

M 

November 9, 1935 

20.0 

7.30 

S 

December 5, 1935 

20.0 

8.50 

E 

November 29, 1935 

20.0 

7.03 

Average of 9 experiments 

10 to 20 

7.77 


first two experiments in which the concentration 
was relatively low, there was a definite increase 
in the rate of absorption with the concentration. 
However, in 9 experiments in which the concen- 
tration was 10 per cent or over, the quantity of 
glucose absorbed was independent of the amount 
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introduced. Apparently the intestine absorbs 
these concentrated solutions at a uniform rate 
above which no increase is possible. Under these 
conditions the amount of glucose absorbed from 
an area of upper intestine between the pylorus 
and a point 50 cm. lower down varied from 7.03 
to 9.0 grams in the 9 experiments recorded here. 
The average was 7,77 grams. 

In comparing these figures with those obtained 
by other workers, it should be borne in mind that 
although the so-called " absorption time ” in these 
experiments was one-half hour, the actual time 
available for absoi-ption was longer, as some ab- 
sorption must have gone on during the time when 
the glucose solution was being washed out. Thus 
from these obseiwations an idea of the actual 
amount of glucose absorbed per unit of time can 
only be derived by approximation. Usually after 
40 to 45 minutes the greater part of the sugar 
solution had been recovered from the intestine. 
Assuming that all absorption had taken place by 
that time, one may then estimate that the absorp- 
tion of glucose from a concentrated solution in a 
loop of human upper intestine of 50 cm, length 
goes on at a rate of 7,77 grams per 40 to 45 min- 
utes or 10,36 to 11.65 grams per hour. 


TABLE 11 

Influence of absorption area on absorption of glucose 


] 

Sub- 

Date 

Length 
of ab- 

Quantity of 
glucose 

Absorption 

calculated 

jetet 

tion 

area 

Intro- 

duced 

Ab- 

sorbed 

per SO cm. 
length 

S 

November 26, 1935 

cm. 

30 

grams | 

10 j 

grams | 

5.401 

grams 

9.00 

s 

December 2, 1935 

40 

15 

7.00 

8.40 

T 

March 12, 1936 

45 

15 

7.73 

8.66 

M 

Average of 4 

50 

15 

7.71 

7.71 

F 

experiments 
March 8, 1936 

55 

15 

9.35 

8.50 

E 

April 30, 1936 

60 

15 

9.29 

7.74 

E 

December 13, 1935 

70 

15 

10.20 

7.30 

Average for 6 subjects. . . 




! 8.18 


Length of absorption area. Table II shows 
the results of a second series of 9 experiments 
in which absorption time and the quantity of glu- 
cose introduced (15 grams) being kept constant, 
the only variable was the length of duodenum 
and jejunum that took part in the absorption. 
In these experiments the length of the absorp- 


tion area varied from 40 cm. to 70 cm. In one 
other experiment, 10 grams of glucose was ad- 
mitted to a length of 30 cm. of intestine. The 
results show within the limits of the experimental 
error a direct proportional relationship between 
the length of intestine that takes part in the ab- 
sorption and the quantity of glucose absorbed. 
If the results are calculated for a standard ab- 
sorption area of 50 cm. they fall within the limits 
of variation shown in Table I. The minimum 
absorption calculated in this way was 7.30 grams, 
the maximum 9,00 grams, the average value 8.18 
grams. 

TABLE in 


Influence of pH on absorption of glucose 


Sub- 

Date 

Quantity of glucose 

pH 

ject 

Introduced 

Absorbed 

(calculated) 



grams 

grams 


M 

Average of 4 
experiments 

15 

7.71 

7 

M 

March 3, 1936 

15 

6.86 

12 

E 

March 4, 1936 

15 

6.03 

12 

M 

March 2, 1936 

15 

6.79 

2 

M 

April 22, 1936 

15 

6.17 

2 


Influence of pH. Table III shows the results 
of a third series of 4 experiments upon the in- 
fluence of the pH upon the absorption of glucose. 
All conditions were the same as in the first series 
of experiments but for the addition of 10 cc. of 
N/10 normal NaOH or of 10 cc. N/10 normal 
HCl to 100 cc, of the 15 per cent glucose solution. 
The results show that in each case the absorption 
of the glucose solution was somewhat diminished 
by altering the reaction away from the neutral 
point. At pH 12 the absorption values were 6.03 
and 6.86, respectively, at pH 2, 6.17 and 6.79, 
compared with the average of 7.71 for control 
experiments at neutral reaction. 

The capacity of the duodenum to buffer its con- 
tent to a neutral reaction was well brought out 
by these observations. The fasting content of 
the upper part of the intestine has a neutral reac 
tion (pH 7.0 to 7.1). The intestinal contents 
aspirated after half an hour were also neutral, 
irrespective of whether acid or alkaline glucose 
solutions had been introduced. 
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TABLE IV 

Influence of preceding dietary regimen on absorption of 
glucose 


Sub- 

Date 

Quantity of 
glucose 

j 

Remarks 

ject 

B 

' Ab- 
sorbed 

■■ 


erams 

grams 


El 

November 10, 1935 

15 

8.30 

Vegetarian diet for several 
years 

Baa 

December 28, 1935 

15 

7.85 

After 14 days on mixed diet 


December 13, 1935 

15 

7.30 

Mixed diet 

Bs 

April 26, 1935 

15 

7.34 

After 4 days on ketogenic 
diet 

After 8 days on ketogenic 
diet 

B 

April 30. 1935 

15 

7.74 

T 

March 12. 1936 

15 

8.66 

After 2 days* starvation 

F 

August 15, 1936 

IS 

8.50 

Mixed diet 

F 

August 19, 1936 
August 29, 1936 

15 

9.36 

After 4 days* starvation 

F 

15 

8.10 

After 10 days of diet low in 
carbohydrate and rich in 
fat and protein 


Influence of preceding diet and of starvation. 
Table IV summarizes the results of a fourth se- 
ries of 9 experiments undertaken to investigate 
the possible influence of the nutritional condition 
of the subject on the absorption rate of the glu- 
cose solution. The amount of glucose introduced 
was always IS grams in 100 cc. of water, the ab- 
sorption length SO cm., the absorption and wash- 
ing time thirty minutes each. Under these cir- 
cumstances it appeared that the absorption was 
essentially the same whether the subjects followed 
a vegetarian regimen or had taken a diet rich in 
animal protein and fat. One of the subjects (E) 
took a ketogenic diet that contained 2S grams of 
carbohydrate for 8 days, after which time the 
urine gave a positive reaction for acetone. The 
absorption test gave a normal result. 

The effect of complete starvation was tested 
on two epileptic subjects (T and F). Patient T 
starved for 48 hours, and Patient F for 96 hours. 
The fluid intake during the starvation was not 
restricted. Both showed a high normal absorp- 
tion for glucose after this period. 

Nature of sugar. The effect of the nature of 
the sugar upon the absorption under standard 
conditions was next investigated. Table V con- 
tains the results of a fifth series of 8 experiments 
in which galactose solutions of various strength 
were tested. The conditions of the experiments 
were the same as for those on glucose absorption. 
The figures in Table V show that above a con- 
centration of IS per cent the absorption rate is 


TABLE V 

Quantities of galactose absorbed by a 50 cm. length of upper 
small intestine 


Subject 

Date 

Quantity of galactose 

Introduced 

Absorbed 

M 

November 25, 1935 

grams 

15 

grams 

9.95 

M 

November 29, 1935 

15 

10.66 

E 

December 31, 1935 

15 

8.19 

S 

December 10, 1935 

15 

9.61 

N 

February 10, 1936 

15 

11.00 

G 

February 14, 1936 

15 

8.62 

M 

December 3, 1935 

20 

8.70 

S 

December 17, 1935 

20 

8.88 

Average 

15 to 20 

9.45 


independent of the concentration. The actual 
amount of galactose absorbed appeared to be 
larger in the same unit of time than that of glu- 
cose, the average value being 9.45 grams, varying 
from a minimum of 8.19 to a maximum of 11.0 
under the standard conditions. An approxima- 
tion of the absorption per unit of time based on 
the same principles as used above for glucose 
would lead to an estimate of 12.60 to 14.17 grams 
per hour as the rate of absorption of galactose 
from a concentrated solution in a loop of intestine 
of 50 cm. length. 


TABLE VI 

Quantities of levulose absorbed by a 50 cm. length of upper 
small intestine 


Subject 

Date 

Quantity of levulose 

Introduced 

Absorbed 

M 

December 24, 1935 

grams 

6 

grams 

4.86 

E 

January 8, 1936 

7 

5.77 

M 

December 16, 1935 

8 

5.46 

S 

January 13, 1936 

8 

4.37 

M 

December 11, 1935 

10 

4.74 

S 

January 21, 1936 
January 22, 1936 

10 

5.42 

E 

10 

5.79 

Average 

6 to 10 

5.20 


Table VI shows the results of a sixth series of 
7 experiments upon the absorption of levulose. 
The absorption rate appears to be constant for 
solutions above 6 per cent in concentration. The 
absorption of levulose is definitely slower than 
that of glucose or galactose, laiying from 4.37 to 
5.79 grams under standard conditions. The av- 
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erage value was 5.20 grams. Approximation 
would 3 n‘cld an absorption rate of 6.93 to 7.80 
grams of levulose per hour from a 50 cm. length 
of intestine. 

It will be rioted that the maximum absorption 
rate in the case of levulose occurred at a lower 
concentration (6 per cent) than that of glucose 
(10 per cent). ApparentI}'- the critical level 
above which the absorption rate becomes unifonn 
is not determined by the osmotic concentration 
and may be a characteristic property of every in- 
dividual sugar. 

Influence of the absorption time. In a seventh 
series of 4 experiments, all carried out with galac- 
tose on the same subject, the “ absorption time ” 
was varied to respectively, 0, 15, 30, and 45 min- 
utes with otherwise standard conditions. The 
washing time was kept constant at one-half hour 
in all instances. The results are shown in Table 
VII. As could be expected, a direct, almost 


TABLE VII 

htfiuence of “absorplion iiine" upon ahsorplion of 
galactose 


Subject 

Date 

Quantity of 
galactose 

J 

Absorp- 

tion 

time 

[ Intro- ' 
1 duced 

Ab- 

sorbed 



' gramj 

grams 

! minutes 

E 

March 11, 1936 

15 

2.41 

0 

E 

; February 19, 1936 

15 

5.73 

15 

E 

December 31, 1935 

15 

8.19 

30 

E 

December',18, 1935 

IS 

13.00 

45 


linear relationship was found between the quan- 
tity absorbed and the time allowed for absorption. 
In the experiment in which the absorption time 
was “ zero,” the aspiration of the solution was 
started immediately after it had been introduced. 
All the absorption that took place must have oc- 
curred, therefore, during the injection of the 
solution (5 minutes) and the "'washing time” 
(30 minutes). 

This series of experiments also furnishes data 
from which a more exact idea of the absolute 
value for the absorption rate of galactose can be 
obtained. By deducting the figure for “ 0 ” min- 
ute absorption time from that for the 15-minute 
period, etc., values for the quantity absorbed 
during exactly 15 and 30 minutes can be ob- 
tained. These values vary from 2.46 to 4.81 


grams, with an average of 3.44 grams per 15 
minutes or 13.76 grams per hour. This agrees 
fairly well with the values of 12.60 to 14.17 that 
have been arrived at by approximation. 

Osmotic relationships. The quantity of fluid 
recovered one-half hour after the introduction of 
100 cc. of the concentrated sugar solution into 
the intestine was always larger than the amount 
introduced and varied between 140 and 250 cc., 
with an average of 200 cc. Apparently, while 
sugar was being absorbed, fluid had moved into 
the lumen of the intestine. Though in part prob- 
ably derived from the small intestinal wall, bile, 
pancreatic juice, and gastric juice may have 
flowed into the intestine and contributed to the 
dilution of the test solution. During the next 
half hour, while the subjects were drinking a 
total of 400 cc. of water, another volume of fluid 
was collected. The washings varied in volume 
from 200 to 400 cc., dependent on the amount of 
water that was retained inside the stomach. 

The concentration of glucose found in the in- 
testinal contents after half an hour varied from 
2.11 to 3,24 grams per 100 cc., with an average 
of 2.50 per cent. The concentration of glucose 
was apparently reduced to about half its isotonic 
concentration (5.4 per cent). This may seem 
strange at first, as one would not expect a dilution 
below isotonicity. It should be remembered, 
however, that the normal duodeno-jejunal juice 
contains chloride in almost the same concentration 
as the blood plasma (in our experience between 
279 and 475 mgm. per 100 cc. ; according to Karr 
and Abbott (7) between. 178 and 528 mgm, per 
100 cc.). The chlorides, together with the bi- 
carbonate, maintain the normal osmotic pressure 
of the intestinal juice. The dilution of a hyper- 
tonic glucose solution inside the intestine will go 
on, therefore, until the concentration of glucose 
plus the concentration of the other constituents 
together make up isotonicity. That this holds 
true was brought out by determination of the 
chloride in the intestinal content. In the fluid 
aspirated one-half hour after the introduction of 
the glucose solution, the chloride concentration 
was markedly lower than before the introduction 
of the glucose. The values varied between 21 
and 287 mgm. per 100 cc. (Table VIII). More- 
over, there was an almost complete inversely pro 
portional relationship between the glucose an 
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TABLE VIII 


Concentration of fftwosc and chloride hi intestinal content 
30 minutes after introduction of 100 cc. 15 per cent 
glucose solution 


Sub- 

iect 

Date 

Glucose 

Cliloridc 




from 5 Per 

mgm. per 




100 cc. 

100 cc. 

E 

September 29 

3.24 

212 

F 

April 

23 

3.14 

219 

0 

September 25 

2.57 

229 

E 

April 

27 

2.52 

224 

M 

May 

19 

2.48 

228 

E 

April 

30 

2.26 

229 

S 

April 

28 

2.26 

243 

F 

August 

19 

2.22 

287 

F 

August 

14 

2.14 

287 

F 

May 

12 

2.11 

271 

Average 

2.49 

243 


chloride concentration, chlorides being higher in 
the fluids with the lower glucose content. 

If we express both glucose and chloride con- 
centration in milliequivalents and assume that all 
the cations present are monovalent, we can calcu- 
late the sum of the osmotic concentrations of 
glucose, the chlorides and the cations together. 
For this purpose we simply multiply the chloride 
concentration by 2, and add this to the glucose 
concentration. Table IX shows the figures ob- 

TABLE IX 


Glucose and chloride concentration and their combined 
osmotic pressure in intestinal content at end of 
absorption period 


Sub- 

ject 

Date 

Glucose 

concen- 

tration 

Chloride 

concen- 

tration 

Combined osmotic 
pressure of glucose* 
chlorides and their 
monovalent cations 


1936 


i m.eq. per 

m.eq. per 

'‘milliosmoles" Per 




100 cc. 

100 cc. 

100 cc. 

E 

1 September 29 

18.00 

5.99 

29.98 

F 

April 

23 

17.45 

6.16 

29.77 

0 

September 25 

14.28 

6.45 

27.18 

E 

April 

27 

14.00 

6.31 

26.62 

M 

May 

19 

13.78 

6.42 

26.60 

E 

April 

30 

12.56 

6.46 

25.48 

S 

April 

28 

12.56 

6.85 

26.26 

F 

August 

19 

12.34 

8.09 

28.52 

F 

August 

14 

11.89 

8.09 

28.07 

F 

May 

12 

11.72 

7.64 

27.00 


Average 

13.86 

6.84 

27.55 


tained in this manner. The calculated osmotic 
pressure in this table is expressed as “millios- 
moles ” per 100 cc. There is some variation in 
the figures but on the whole the total concentration 
of glucose, plus chloride, plus cation, seems to be 


fairly constant, varying between 25.48 and 29.77, 
with an average of 27.29 milliosmoles per 100 cc. 
We do not know how much carbonate was pres- 
ent in the intestinal content, but this can only 
have been of small importance (Karr and Abbott 
(7)). If we compare our calculated osmotic 
concentration with the normal osmotic concentra- 
tion of blood plasma (which is about 30 millios- 
moles per 100 cc.) it may be safely concluded 
that half an hour after the introduction of a 
concentrated solution of glucose the human small 
intestine has reestablished osmotic equilibrium be- 
tween its content and the blood plasma. 

Blood sugar curves. In a number of tests 
capillary blood sugar values were determined 
while glucose, galactose, or levulose was being ab- 
sorbed. Not all the values obtained will be given 
here. Table X shows only the maximum, min- 

TABLE X 

Blood sugar values in milligrams per 100 cc. during the 
absorption of hexose from the upper part of the 
small intestine 


Sugar 

Blood 

sugar 

Fast- 

ing 

Time after introduction of 100 cc. of 
solution 

ho\ir 

hour 

hour 

hourj 

hours 

hours 

Glucose 

Highest 

119 

153 

161 

173 

188 

125 

117 

(11 

Lowest 

99 

101 

115 

118 

102 

112 

108 

curves) 

Average 

107 

122 

131 

134 

127 

117 

111 

Galactose 

Highest 

118 

151 

152 

154 

151 

125 

120 

(7 

Lowest 

105 

108 

115 

no 

101 

109 

104 

curves) 

Average 

108 

120 

132 

130 

122 

117 

108 

Levulose 

Highest 

112 

117 

125 

121 

116 

118 

107 

(5 

Lowest 

101 

105 

109 

106 

103 

100 

100 

curves) 

Average 

106 

113 

114 

112 

110 

107 

103 


imum, and average values that were found fast- 
ing and at successive intervals of one-quarter 
hour after the introduction of the sugar solution. 

(o) Glucose. In almost all instances when 
glucose was given the blood sugar showed a defi- 
nite rise after one-quarter hour, reached a peak 
after one-half, three-quarters or one hour, then 
dropped rather steeply and reached its original 
value again after between one and one-half and 
one and three-quarter hours. The height of the 
peak varied between 119 mgm. per 100 cc., and 
188 mgm. per 100 cc. The highest point of the 
average curve was 134 mgm. per 100 cc. after 
three-quarters of an hour. There was no definite 
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relationship between the amount of glucose in- 
troduced and the height to which the blood sugar 
rose. It is noteworthy that although the with- 
drawal of the glucose solution from the intestine 
was started after one-half hour, the blood sugar 
level in many instances continued to rise and 
dropped only after one hour. Glycosuria during 
the test did not occur in any instance. 

{b) Galactose. The blood sugar curves after 
administration of galactose through the tube did 
not differ materially from those when glucose was 
being absorbed. Apparently, although the ab- 
sorption rate of galactose is greater than that of 
glucose the storage mechanism of the body takes 
care of the quantity absorbed under the condi- 
tions of our experiment. A slight galactosuria 
occurred in five instances. 

(c) Levidose. The “ glycemic ” effect of tliis 
sugar was decidedly less than that of glucose or 
galactose. The highest blood sugar value ob- 
tained with levulose was only 125 mgm. per 100 
cc. (expressed as glucose) . Whether this smaller 
rise is caused by the slower absorption rate only 
or whether the tissues remove levulose from the 
blood at a higher speed than the other sugars 
cannot be decided here. No levulose appeared 
in the urine of any of the subjects. 

DISCUSSION 

The present status of our knowledge of the 
absorption of carbohydrates has been reviewed 
recently by Pierce (8). Only those points bear- 
ing directly on the results obtained in this study 
need therefore be discussed here. 

The fundamental work of Cori (1) carried 
out in rats has definitely established that the ab- 
sorption of a simple sugar from the intestinal 
tract is independent of the quantity of sugar pres- 
ent in the alimentary canal. It should be remem- 
bered, however, that this “law” was found by 
introducing concentrated solutions into the ani- 
mals. The validity of Cori’s law has been con- 
firmed by Cori, Cori and Goltz (9), Holtz and 
Schreiber (10), Magee (11), Trimble, Carey and 
Haddock ^2)^ and Verzar (13). Trimble and 
Haddock (14), working with dogs, made the im- 
portant observation that Cori’s law also applies 
when the glucose solution is introduced directly 
into the duodenum. Other investigators (15, 16) 


failed to confirm Cori’s observations in detail but 
their results are in substantial agreement with his 
findings. There still exists some disagreement 
between investigators whether the absorption rate 
should best be expressed per unit of intestinal 
surface (16) or per kilogram of body weight 
( 1 . 12 ). 

Our own results confirm Cori’s law for the ab- 
sorption of concentrated sugar solutions from the 
human small intestine. The results did not war- 
rant a calculation of the absorption rate per kilo- 
gram body weight. The area of intestine exposed 
to the sugar solution appeared to be of para- 
mount importance for the amount of sugar ab- 
sorbed. The absorption rate per unit of time was 
constant for a given intestinal length which was 
assumed to be a relative measure of the surface 
area. 

The absorption of comparatively dilute sugar 
solutions has been studied in animals by Nagano 
(17), Hewitt (18), and London and Polowzowa 
(19), who found that the absorption rate in- 
creased with the concentration. Abbott, Karr 
and Miller (20) have shown this to be equally 
true for the human small intestine. The few ex- 
periments undertaken by us with glucose solutions 
of low concentrations (Table I) confirm their ob- 
servations. This does not contradict the work 
of Cori on the absorption of co 7 }centrated solu- 
tions. Our results brought out very definitely 
that above a certain concentration, which seems 
to be different for various sugars, the absorption 
proceeds at a uniform rate. 

London and Polowzowa (19), and Magee and 
Reid (21), both working with dogs, found that 
a maximum absorption rate for glucose estab- 
lished itself at concentrations of 11.5 and 13 per 
cent, respectively. In our experiments the ab- 
sorption rate became maximal at concentrations 
of 10 per cent or over. 

The literature contains a few conflicting reports 
on the influence of the pH on the absorption rate 
of glucose (22, 23). From our data we cannot 
offer an adequate explanation for the slowing 
down of the absorption rate by the addition of 
acid or alkali to the glucose solution, as obseiwe 
by us. The effect need not be specific but might 
be caused solely by the increase in osmotic con- 
centration of the intestinal content (24). Ap 
parently a neutral reaction affords optimum con- 
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ditions for the absorption of glucose in the intes- 
tine, but this does not necessarily hold true for 
other substances. It appears that the intestine 
possesses an efficient mechanism for the protec- 
tion of the reaction of its content, a point which 
has been extensively studied by Karr and Abbott 
(7) and Stevens (25). 

Various workers have shown that the intestine 
absorbs different sugars at a different rate. Ac- 
cording to Cori, the proportion of the average 
absorption rates of galactose, glucose, and levu- 
lose (glucose being taken as 100) in the rat can 
be expressed as 110:100:43. Our results yield 
for this relationship 122:100:67, which, consid- 
ering the experimental error in both animal and 
human experiments, may be called a satisfactory 
agreement. Cori (1, 2), Wildbrandt and Laszt 
(26), Verzar (13), and Westenbrink (27) have 
rightly concluded that since every sugar has its 
individual absorption rate the process of absorp- 
tion in the intestine, even of such simple com- 
pounds, cannot be a purely diffusion phenomenon, 
but must be an active cellular process inside the 
epithelium of the gut. Whatever the nature of 
this physiological process of sugar absorption 
may be (28, 29, 30, 31), it appears to be of the 
same nature both in animals and in man. 

A comparison of the actual absorption rates in 
animals and in man seems hardly warranted be- 
cause of the different way in which the studies 
have been conducted. In the animal, the sub- 
stance is introduced either into the stomach or 
into the duodenum and then allowed to spread 
out over all the available intestinal area where the 
peristalsis will carry it. In our experiments the 
absorption was limited to a closed loop of in- 
testine of 50 cm. in length. Even so, it is in- 
teresting to note that the approximate average 
absorption rates of glucose per hour when calcu- 
lated per kilogram body weight were : 


For the rat 2.00 grams (1. 9, 13. 16) 

For the dog 1.00 gram ( 14) 

For the human 0.18 gram (present study) 


This furnishes another example of the higher 
speed at which the living processes seem to go 
on in the smaller animals. 

Most of the blood sugar curves obtained in 
our experiments were only slightly lower than 
those observed in the capillary blood during the 


first hour of an ordinary glucose tolerance test, 
when 50 to 100 grams are given by mouth to 
a normal individual. We know, however, that 
of this large quantity only a limited portion at 
a time is admitted by the pylorus to the upper 
part of the intestine. As all other factors in- 
fluencing the blood sugar curve seem to be the 
same in the oral and intestinal administration of 
the sugar, it may be concluded that even if 50 
to 100 grams of glucose are given by mouth, the 
actual absorption is only slightly more than when 
10 to 20 grams are fed into 50 cm. of the upper 
part of the intestine. We have estimated the 
approximate rate of absorption in our experi- 
ments as 10.5 to 12 grams per hour. From the 
study of the rise in blood sugar during this ab- 
sorption, we would venture to suggest that even 
when much larger quantities of glucose are given 
by mouth the absorption rate is only slightly more 
than this figure. This would imply that the time 
for the absorption of a glucose test meal of 50 
grams would be 4 hours or somewhat less. We 
have little doubt that if 50 grams of glucose were 
introduced directly into the whole of the intestine 
the absorption would go on at a higher rate and 
the blood sugar would rise to higher levels (32). 
Given by mouth, however, the pylorus takes care 
that the absorption does not take place at a higher 
speed than the storage mechanism can keep up 
with (10). 

SUMMARY 

The absorption of glucose, galactose, and levu- 
lose from the upper part of the human small in- 
testine has been studied by a simplified method 
of intestinal intubation. The results show that 
a given length of the human small intestine dur- 
ing a constant interval absorbs a constant amount 
of a simple sugar from a concentrated solution. 
Under these conditions, the amount of sugar ab- 
sorbed is independent of the concentration above 
a certain level. The amount of sugar absorbed 
increases with an increase in intestinal surface. 
The quantity absorbed is proportional to the time 
allowed for absorption. The addition of dilute 
hydrochloric acid or sodium hydroxide to the glu- 
cose solution diminishes the amount of sugar ab- 
sorbed. No influence of the immediately preced- 
ing diet or of starv'ation on the absorption rate 
could be detected. 
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Glucose, galactose, and levulose have their own 
individual absorption rates which averaged, under 
the conditions of our experiments, 7.77, 9.45, and 
5.20 grams, respectively, the relation being 100: 
122 ; 67. During the absorption the concentrated 
sugar solution inside the intestine is rapidly di- 
luted so that after one-half hour the total osmotic 
concentration of the intestinal contents equals 
that of the blood plasma. 

Blood sugar values during the absorption of the 
glucose, galactose, and levulose from the intestine 
were determined. The curves obtained indicate 
similar effects for glucose and galactose but a less 
effect upon blood sugar for levulose than for 
glucose. 
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Impaired tolerance to dextrose is found in 
about one-half of patients with hyperthyroidism. 
Since the cause of reduced sugar tolerance in 
the hyperthyroid state remains unsettled, we en- 
deavored to obtain more information on this sub- 
ject by stud 3 'ing the response of patients with this 
disease to galactose. 

METHOD 

Forty grams of galactose, dissolved in 400 cc. 
of water flavored with lemon juice, were admin- 
istered by mouth to subjects who had fasted for 
14 hours. Specimens of blood were obtained 
from the cubital vein before, and 5, 15, and 30 
minutes after, administration of galactose. The 
dextrose and galactose fractions of these blood 
samples were determined separately by Raymond 
and Blanco’s modification (1) of the method of 
Somogyi. 

This experiment was performed on twenty-one 
normal individuals, twenty-six patients with hy- 
perthyroidism, fourteen patients with diabetes, 
and five patients with miscellaneous diseases of 
the liver. The experiment was repeated on eight 
patients after thyroidectomy, and in one case after 
a period of medical treatment during which 
marked amelioration of symptoms took place. 

RESULTS 

From Table I, it is seen that there was only 
occasionally galactose in the blood of normal per- 
sons at the S-minute period. Thereafter, the 
average galactose curve rose to 15 mgm. per cent 
at the 30-minute period (see Figure 1). The 
maximum normal galactose reading was 26 mgm. 
per cent. Most patients with hyperthyroidism had 
galactose in the blood at the 5-minute period. 
Galactose curves considerably higher than normal 



Fic. 1. Galactose Fraction of the Blood of 21 
Normal Subjects (Solid Line), 26 Patients with 
Hyperthyroidism (Broken Line), and 14 Patients 
WITH Diabetes Mellitus (Solid Line with Discs), 
AFTER Oral Administration of Galactose. 



Aided by a grant from the Christine Breon Fund for Fic. 2. Galactose Fraction of the Blood Follow- 
Medical Research. xjjq Ingestion of Galactose in 8 Patients with Hy- 

-Rcad by title at the meeting of the American Society perthyroidism before (Broken Line), and after Tiiy- 

for Clinical Investigation, Atlantic City, May 6, 1935. roidectomy (Solid Line). 
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TABLE I 

Normal individnals 


Subject 

number 

Galactose tolerance 

5 minutes 

IS minutes 

.10 minutes 


ragm. per cent 

mgm. per cciil 

mgm. per cent 

1 

0 

0 

18 

2 

0 

0 

1 

3 

3 

4 

3 

4 

0 

8 

14 

5 

0 

8 

20 

6 

1 

9 

23 

7 


9 

4 

8 

0 


19 

9 


14 

18 

10 

0 

26 

25 

11 

4 

13 

8 

12 

0 

14 

26 

13 

1 

5 

20 

14 

0 

4 

4 

15 

0 

13 

23 

16 

3 

11 


17 

0 

9 

23 

18 

4 

9 

23 

19 


0 

11 

20 

0 

4 

18 

21 


0 

4 

Average 

0.9 

8.0 

15.2 


were the rule (Table II). Only two of these 
patients had maximum galactose readings below 
30 mgm. per cent. Following thyroidectomy a 
marked increase in tolerance to galactose was ob- 
served in patients with hyperthyroidism (Fig- 
ure 2). 

The patients in the diabetic group with two 
exceptions exhibited normal galactose curves 
(Table III). As was expected, the galactose 
fraction of most patients with hepatic disorders 
indicated diminished tolerance to this sugar. 

Changes in the dextrose fraction of the blood, 
contrary to our original impression (2), were 
proven by further work not to be sufficiently 
decisive to wsrrsnt reporting^- 

COMMENT 

Two explanations of the abnormally high galac- 
tose curve in the blood of patients suffering from 
hyperthyroidism occur to us. Accelerated intes- 
tinal absorption of galactose may account for the 
presence of larger amounts of this sugar in the 
blood. This possibility is suggested by the earlier 
appearance of galactose in the blood of patients 
with hyperthyroidism. We are at present testing 


TABLE II 


Patients with hyperthyroidism 


Subject 

number 

Basal 

metabolic 

rate 

Galactose tolerance 

5 minutes 




per cent 

mgm. per cent 

mgm. per cent 

mgm. per cent 

1 

4- 60 

12 

65 

91 

2 

4- 60 


30 

65 

3 

-j- (54 

4 

21 

42 

3a 

5 

7 


4 

4-46 

0 

28 

59 

4o 

- 27 

0 

0 

0 

5 

4-40 1 

0 

18 

51 

6 

4- 22 

12 

12 

30 

6a 

- 32 

5 

9 

7 

7 

4-32 

18 

35 

40 

8 

4- 30 

5 


78 

9 

4- 46 

5 

10 

31 

10 

4- 47 j 

9 

27 

81 

10a 

- 7 

0 

5 

12 

11 

4- 56 

0 

3 

23 

12 

4- 66 

17 

26 

35 

12c 

3 

3 

0 

13 

4-36 1 

13 

18 

31 

13c 

- 17 ! 

1 

23 

39 

14 

4- 13 

3 

26 

49 

IS 

4- 61 

7 

35 

6S 

1S?» 

4- 30 

4 

21 

27 

15c 

- 3 

0 

5 

0 

16 

4-45 

9 

23 

65 

17 

4-39 

5 

38 

94 

17c 

1 

1 

33 

18 

4- 62 

7 

7 

21 

19 

4- 58 

5 


73 

20 

4- 65 

20 

29 

61 

21 

4- 59 

10 

27 

41 

22 

4- 50 

14 

27 

64 

23 

4- 65 

9 

45 

51 

24 

4- 70 

5 

45 

40 

25 

4- 22 

7 

29 

36 

26 

4-48 

3 

27 

54 

Average * 

! 

8.0 

27.1 

52.8 


a — after thyroidectomy. 

m — after medical treatment. , , , 

* Curves obtained after thyroidectomy were excluoea 

from this average. 

this hypothesis by studies of the rate of intestinal 
absorption in animals rendered hyperthyroid. 

The second explanation is reduced capacity to 
utilize galactose, probably due to hepatic injury. 
Hepatic insufficiency in hyperthyroidism, as m 
dicated by liver function tests, has been observed 
by ourselves (3) and was also reported by 
mans and Warfield (4) and by Lichtraan ( 

In addition, Kerr and Rusk (6), and 
cently, Weller (7) and Beaver and Pemberto 
(8) described hepatic lesions in hyperthyroidism 
which could account for functional impairmen 
of the liver. The reduced ability to handle ga a - 
tose in hyperthyroidism is evidently not depen 
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TADLE III 

Patients with diabetes mellitus 


Subject 

number 

Galactose tolerance 

5 minutes 

15 minutes 

50 minutes 


mgm. per cent 

mgm. per cent 

mgm. per cent 

1 

0 

5 

21 

n 

3 

30 

77 

3 

5 

20 

29 

4 


7 

7 

5 

0 

0 

4 

6 

0 

4 

9 

7 

0 

8 

20 

8 

0 

7 

0 

9 

3 

0 

0 

10 

3 

7 

0 

11 

23 

33 

23 

12 

0 

5 

14 

13 

S 

0 

17 

14 

4 

0 

16 

Average 

3.5 

7.6 

16.7 


upon the low glycogen content of the liver char- 
acteristic of this condition, because almost all 
patients with diabetes who, as a rule, also have 
a low hepatic glycogen, exhibited normal galac- 
tose curves. 

The changes in galactose tolerance were often 
not proportionate to the severity of hyperthyroid- 
ism, as judged by any one criterion. This is not 
remarkable when one considers that the basal 
metabolic rate and other manifestations of hyper- 
thyroidism are also not necessarily of correspond- 
ing severity. In our small group of patients with 
hyperthyroidism, reduction of galactose tolerance 
was observed with sufficient constancy to permit 
it to be compared with the basal metabolic rate 
as a diagnostic aid. Of twenty-six patients with 
clinical hyperthyroidism, all but two had a galac- 
tose concentration in the blood of 30 mgm. per 
cent or over. In the same group one patient had 
a basal metabolic rate of only plus 13 per cent. 
Another patient was referred to us for hyper- 
thyroidism with a basal metabolic rate of plus 26 
per cent and plus 28 per cent respectively on two 
occasions. He had normal galactose tolerance 


and was found to suffer not from hyperthyroid- 
ism but from rheumatic heart disease. 

At present we are studying a larger series of 
patients to determine the usefulness of this pro- 
cedure in the differential diagnosis of hyper- 
thyroidism. 

SUMMARY 

1. The curve of galactose in the blood, after 
oral administration of this sugar, is considerably 
higher in patients with hyperthyroidism than in 
normal or diabetic subjects. 

2. Thyroidectomy in most instances restores 
normal tolerance to galactose. 

3. Accelerated intestinal absorption or im- 
paired utilization of galactose by the liver in 
hyperthyroidism probably accounts for this phe- 
nomenon. 

4. Reduced tolerance to galactose is such a 
consistent finding in hyperthyroidism that it may 
prove to be of value in differential diagnosis. 
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A c&se of urticaria solar e being available for 
study, it has seemed wise to determine as many 
of the characteristics of the photo-response as 
feasible, in the hope that these might ultimately 
shed light on the obscure etiology of this rare but 
distressing disease. Preliminary studies of this 
case by Blum, Allington and West (1) have 
shown that the individual is sensitive to wave- 
lengths included in the spectral region between 
3900 and 5300 A, i.e., in the blue and violet parts 
of the visible spectrum, radiation from which 
region of the spectrum elicits no response in nor- 
mal individuals. The urticaria solarc individual 
responds to short periods of this kind of radiation 
with an erythema restricted to the irradiated area, 
followed by an edematous wheal over the same 
area with spreading erythemal flare when the ir- 
radiation is sufficiently intense or prolonged; this 
response has thus the characteristics of the “ triple 
response ” as described by Lewis (2), and we may 
make the tentative assumption that it occurs as the 
result of the elaboration of a histamine-like “ H ” 
substance, further evidence for which will be pre- 
sented in the course of this paper. The response 
disappears in a few hours, leaving no trace. Ul- 
traviolet radiation shorter than 3200 A brings 
forth the same delayed erythema followed by pig- 
mentation that is produced in the normal indi- 
vidual, but no traces of the urticarial reaction 
characteristic of the response to blue and violet 
light. 

clinical account 

As a clinical report of this case has not been published, 
the following brief account is included. 

The patient, a white male, age 21, associates the first 
appearance of abnormal sensitivity to light with a bee 
sting on the left malar area which occurred May 18, 
1934. Severe pain and swelling of the face which sub- 
sided in a day or two followed the sting. The sensitivity 
to light was noticed shortly after. 

Previous history reveals no allergic or urticarial dis- 

^ Assisted by a grant from the research funds of the 
University of California. 


orders. Prior to the onset of the present difficulty his 
skin had always responded normally to exposure to light. 
There is no family history of allergy or light sensitivity. 

Physical examination shows a well developed male of 
average height and weight. He is a brunette, but the 
skin is pale from avoidance of light. He is suffering 
from a moderately severe indolent papular type of acne 
vulgaris, and presents scattered areas of tinea versicolor 
over the upper trunk. There are no other abnormalities. 
The skin reacts normally to heat and cold. There is no 
dermatographism. 

Laboratory findings 

Blood. Numerous counts have shown an average of 
about 5,000,000 erythrocytes and 7,000 leukocytes per cu. 
mm. There is an increase in small lymphocytes up to 
about 50 per cent, otherwise the differential count is nor- 
mal. Hemoglobin determination, made with a photelome- 
ter, based on the Newcomer standard, was 85 per cent. 
Spectroscopic examination of the serum for abnormal 
pigments negative. 

Urine. Routine examination and examination for por- 
phyrins were negative on several occasions. 

Fasting blood sugar — 100 mgm. per 100 cc. 

Fasting blood uric acid — 3.3 mgm. per 100 cc. 

Wassermann — negative. 

Gastric analysis. Alcohol test meal. 

Time (minutee): foBting 15 30 45 75 90 105 120 

Free HCI 0 0 0 0 0 0 2.4 8.0 

Total acidity 4.2 9.6 13.7 14.3 13.3 10.2 14.0 15.0 

Scratch tests for a large variety of food, pollen, and 
epidermal extracts showed no reactions. 

Basal metabolic rate — minus 14. 

METHODS 

General method. The arrangement of the ap- 
paratus used in the following experiments is dia- 
grammed in a general way in Figure 1. It con- 
sists of a 500-watt projection type Mazda lamp A 
placed at a given distance from an opaque screen 
B, which has a circular opening 6" about 2 cm. in 
diameter through which an area of the skin may 
be irradiated. The screen is so fixed that the skin 
of any desired part of the body may be firmly 
pressed against it without disturbing the arrange- 
ment of the apparatus ; thus the distance between 
B and A is established and reproducible through- 
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B 

5 


V 


A 




Fig. 1. Arrangement of Apparatus 
A, 500-watt projection type Mazda lamp; B, opaque 
screen with circular opening S ; C, water filter ; Dj glass 
color filter ; E, concave mirror. 


out a given experiment. C is a water filter for 
removing infra-red radiation; it consists of a 
pyrex cylinder 10 cm. in length and 5 cm. in 
diameter tvith inlet and outlet tubes so that a cur- 
rent of water may be passed through it to prevent 
excessive heating of the apparatus. D indicates 
the position at which glass filters may be intro- 
duced to obtain restricted wavelength regions. E 
is a concave mirror used in some experiments to 
concentrate the light rays. The distances be- 
tween the various elements of the apparatus were 
altered to meet the requirements for any particu- 
lar experiment, and in some cases one or more of 
the elements was removed, as will be explained in 
the description of the different procedures. 

The sensitivity of the skin was measured in 
terms of the time of irradiation required to pro- 
duce a just observable erythemal response, die 
threshold time; the justification of this criterion 
will appear as the various experiments are dis- 
cussed. The measurement was made in the fol- 
lowing way. The skin was placed against the 
screen B, and irradiated through the opening S 
for a measured number of seconds. The skin 
was then moved away from the screen and ob- 
served for the appearance of erythema on the 
irradiated area. Most of the experiments were 
carried out at room temperature and under these 
conditions it was found that if erythema did not 
aooear within fifteen minutes after the irradiation 
leased none was ever observed. The procedure 
was repeated on other areas of skin using different 
oeriods of irradiation, the shortest period which 
Luld just produce an erythemal response being 


taken as the threshold time. It was found that 
this threshold time could be determined with an 
accuracy better than ten per cent in most cases 
but that it was safer to make no attempt to re- 
duce this error. It is quite easy to make the de- 
cision as to whether an eiythema has appeared or 
not, when no greater accuracy is attempted. 

The 500-watt projection-type Mazda lamps 
used as sources burn at a higher color temperature 
than most incandescent lamps, and consequently 
have a greater proportion of their emission in the 
blue-violet region in which we are interested. 
The shape of the emission curve, being veiy 
nearly that of a theoretical black body, can be 
readily calculated from Wien’s equation, if the 
color temperature is known (see Harrison (3)). 
Figure 2 shows emission curves for one of the 



Fig. 2. Spectral Distribution of Emission for a 
Black Body at Different Temperatures. 

The temperatures are the color temperatures for one 
of the Mazda lamps used, when operated at i eren 
voltages as follows: 


Voltage 

volts 

105 

no 

115 

120 


Color temperature 

°K. 

.... 3010 
... 3060 
.. 3110 
.... 3180 


lamps used in the spectral regions with which 
are concerned; the four curves are for coor 
peratures corresponding to four different a p 
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voltages. The color temperatures at different 
voltages were obtained from photometric deter- 
minations against known standards. For most 
of our experiments we are not interested in the 
color temperature so long as it remains reasonably 
constant throughout a given experiment. The to- 
tal emission varies widely with the voltage, as will 
be seen from Figure 2, and in order to control 
this, the line voltage was stepped up by means of 
a transformer, and the voltage across the lamp 
controlled by means of a voltmeter and a carbon 
disk rheostat. The lamp voltage was not the 
same for all experiments; in some it was main- 
tained at 120 volts and in others at 115 volts; 
moreover, the distance from the source was not 
the same in all experiments, and thus the threshold 
times are not comparable for different experi- 
ments but only within a given experiment. 



Fig. 3. Relationship of Threshold Time to Lamp 
Voltage. 

A-B indicates a variation of 10 per cent in the thresh- 
old time. 

While it is possible to make some estimate of 
the variation of emission with voltage from the 
curve shown in Figure 2, it was thought desirable 
to make a more direct determination of the effec- 


tiveness of the lamp in producing the erythemal 
response when burning at different voltages. 
Figure 3 shows the results of an experiment to 
determine this; the logarithms of the threshold 
times are plotted so as to indicate the percentage 
variation in effectiveness of the incident radiation 
at different lamp voltages ; the shape of the curve 
has no theoretical significance. An examination 
of the figures shows that if the voltage is held 
constant within two volts, the error in the thresh- 
old time should not be greater than ten per cent. 
Greater constancy than this was maintained with 
the exception of occasional slightly greater fluctu- 
ations which were of short duration, and probably 
cancelled out in most cases. 

If the lamp is placed close to the skin the full 
radiation will produce a heat erythema; this ap- 
pears immediately, and unless severe, fades very 
quickly. On the other hand, the urticaria solare 
response is always delayed in appearance unless 
the irradiation is very intense or prolonged, and 
is much slower in disappearing. Thus there is 
little danger of confusing the two types of re- 
sponse. In order to eliminate this heat erythema, 
which in some cases might confuse our results, 
we have used the water filter described above to 
remove the infra-red radiation, or in some cases 
a Corning glass filter (Number 395, extra light 
shade Aklo, 3.9 mm. in thickness). The effect of 
temperature on the threshold time will be dis- 
cussed below. 

The reciprocity law. The use of the threshold 
time as a measure of sensitivity is only justified if 
it can be shown that there is a redprocal relation- 
ship between intensity and duration of irradiation. 
To test this, the intensity was varied by changing 
the distance between the light source and the skin, 
the threshold time being determined for each in- 
tensity. Since it was found that the water filter 
(C, Figure 1) served to focus the light rays and 
thus prevented the estimation of the light intensity 
by the inverse square law, it was replaced by the 
Corning glass filter (Number 395, 3.9 mm. in 
thickness) which served to remove the infra-red 
radiation to a sufficient extent to prevent the oc- 
currence of heat erythema. It was also necessary 
to remove the mirror (A, Figure 1 ) . All the tests 
were made on the skin of the abdomen, where it 
had been previousl}' determined that the sensi- 
tivity was extremely uniform. 
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table I 

The reciprocity law 

distance from lamp in cm.; i = time in seconds; 
!y.t~k—^'X.t, where /^intensity'. 


Ex- 

peri- 

ment 

Date 

d 

l 

It 

AvertiKC 

Per cent 
(Icvi.a- 
lion from 
.avcrnKc 

1 

August 29 

29.8 

95 

.103 





21.9 

65 

.136 





15.5 

30 

.125 





10.0 

12 

.120 








.121d:.018 

15.0 

2 

August 31 

10.0 

14 

.140 





21.6 

65 

.139 





50.3 

300 

.119 





15.3 

30 

.128 





33.2 

130 

.118 





.... 



.129db.011 

8.5 

3 

September 5 

10.0 

14 

.140 





50.0 

315 

,126 








.133±.700 

5.2 

4 

September 19 

15.0 

31 

.138 





30.0 

100 

.111 





10.0 

13 

.130 





50.0 

300 

120 





20.0 

55 

137 








.127±.160 

12.5 


The results of four experiments on four dif- 
ferent days are summarized in Table I. Of these, 
Experiment 2 was the most carefully conducted 
and may be taken as a fair index of the accuracy 
of adherence to the reciprocity law under our 
experimental conditions. It will be seen that for 
this experiment, the values for k in the equation : 
Intensity X — k vary from the average by 
about 8.5 per cent, indicating an outside error of 
less than ±10 per cent. The results for the 
other experiments, which cover a period of three 
weeks, show average values for k which agree 
within ± 5 per cent, showing that there was lit- 
tle or no fluctuation in the sensitivity over this 
time; the variations within these experiments are 
somewhat greater than in Experiment 2. Fig- 
yj-e 4 shows graphically the range over which the 
reciprocity law holds and the deviation of our 
experimental measurements. It would seem from 
these data that we may safely assume that the 
reciprocity law holds for the urticaria response, 
and that the threshold time may be used as a 



Fig. 4. The Reciprocity Law. 

The curve is drawn from the equation : / X f ~ 0.129. 


measure of the photosensitivity %vith an error of 
not more than ±10 per cent if the conditions 
are properly controlled. 

A point of practical importance to the patient 
as regards artificial illumination may be men- 
tioned here. From the above data one may cal- 
culate that at a distance from the lamp of 3 
meters, 3 hours of irradiation would be required 
to produce a response. Since the lamps ordi- 
narily used for illuminating purposes burn at 
lower temperatures, their emission is less, and 
particularly in the shorter wavelengths to which 
this individual is sensitive. Thus, ordinary con- 
ditions of artificial lighting are not bothersome, 
although even reflected sunlight in a room with 
light colored walls may be a source of considerable 
annoyance. 

We may make a rough estimate of the quantity 
of radiation required to produce the response. 
From the data given by Luckiesch (4) we find 
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that a black body at 3200° K. emits 6.12 micro- 
watts per square centimeter per foot-candle in the 
spectral region 4000 to 7600 A. The color tem- 
perature of a tungsten lamp is very close to that 
of a black body at this range of temperatures 
(Holladay (5)) so that this value may be taken 
as sufficiently close for our purposes. From the 
curve for emission of a black body at this tem- 
perature it may be calculated that between one- 
sixth and one-seventh of the emission between 
4000 A and 7600 A lies between 4000 A and 
5000 A, the spectral region which elicits the urti- 
caria solarc response, so that we may estimate that 
about one microwatt per sq. cm. per foot-candle 
is emitted in this region. Our lamp emits about 
1300 horizontal foot-candles, and from our data 
for the reciprocity law we see that at a distance of 
one foot, the threshold time is about one minute. 
Thus we may estimate that approximately 1300 
microwatts of radiant energy of wavelengths 4000 
to 5000 A must fall on the skin of this individual 
in order to produce an urticarial response in one 
minute. 

The effect of temperature on the response. It 
was recognized early in the investigation that tem- 
perature might have a considerable influence on 
the response imder certain circumstances. Stud- 
ies were therefore attempted to determine the 
magnitude of this effect so that an estimate of the 
influence of temperature on the accuracy of our 
measurements might be made. 

The effect of temperature on the threshold time 
was first determined. For these experiments the 
stop B was replaced by a thin black paper stop 
with a 2 cm. hole, placed tightly against the water 
filter C, no color filters (£)) being used. The 
skin of the abdomen was held firmly against this 
black paper so that the skin area next to the water 
filter would tend to take the temperature of the 
water which could be varied by passing different 
mixtures of hot and cold tap water through the 
filter. The temperature of the filter was deter- 
mined by means of a thermometer placed in the 
outlet stream from the filter, and the surface tem- 
perature of the skin corresponding to any given 
filter temperature was estimated as follows. The 
skin was held against the filter for a given period 
of time, then moved away, the time noted, and 
the surface skin temperature determined as 


quickly as possible by means of a thermopile de- 
signed for this purpose, the time at which the 
measurement was made being carefully noted. 
Further measurements were made at successive 
intervals as the skin temperature changed toward 
the normal, and from these successive measure- 
ments a curve was plotted and an extrapolation 
made to zero time which should correspond to the 
temperature of the skin when in contact with the 
filter. It was found that for periods shorter than 
five minutes in contact with the water filter the 
values obtained for skin temperature varied con- 
siderably, but that when the skin was allowed to 
remain in contact for periods as long as twenty 
minutes, the values were very little different than 
those obtained for the five-minute periods. In 
our subsequent experiments we therefore kept the 
skin in contact with the filter for five minutes be- 
fore the beginning of each experiment, i.e., before 
beginning the irradiation of the skin. From data 
obtained for the skin surface temperature at vari- 
ous filter temperatures we were able to plot the 
curve shown in Figure 5, from which an estimate 
of the skin surface temperature could be made by 
merely measuring the temperature of the water at 
the filter outlet. It is doubtful if these estimates 
for the skin surface temperatures can be regarded 
as within better than one or two degrees of the 
actual skin surface temperature, and the tempera- 
ture inside the skin where the response takes 
place must have been somewhat different than 
those of the skin surface. It would seem that the 
range of temperatures inside the skin would be 
somewhat less than those on the surface, but we 
have no way of estimating this difference. 

Measurement of the threshold time at different 
temperatures was made as follows. The skin was 
held against the filter for a period of five minutes 
in order to establish the temperature of the skin. 
The lamp was then turned on for a given irradia- 
tion period, the skin being maintained in contact 
with the filter during this time. The skin was 
then moved away, and allowed to adjust toward 
normal temperature while observation for the ap- 
pearance of a threshold erythemal response was 
made. By repeating this procedure for different 
periods of irradiation, the threshold times for the 
response at given temperatures were determined. 
Data for a series of such measurements arc plotted 
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Filter temperature — 

Fig. 5. Relationship of Filter Temperature to Skin Temperature, 


in Figure 6. From these data it appears that the the rest of our experiments. We may assume 

Qio for the threshold time is about 1.3 to 1.4 over that the nonnal temperature of the skin surface 
the range studied. This is a quite reasonable co- of the abdomen when exposed to ordinaiy room 
efficient for a photochemical reaction. temperatures is about 30° C,, and in this region 

Reference to Figure 6 will give some indication we see that a change of about 3° C. would result 
of how differences in temperature may affect the in a variation of 10 per cent in our measurements 
experimental determination of threshold time in of threshold time. This is a much greater tem- 



Fig. 6. Effect of Temperature on Threshold Time. 
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pcrature variation than is to be expected if the 
room temperature is maintained reasonably con- 
stant as was the case in our experiments, but we 
see that temperature variation is a factor which 
cannot be entirely neglected, particularly in com- 
paring experiments made on different days. 

The low temperature coefficient of the threshold 
time would indicate its rather direct relationship 
to the primary photochemical mechanism. How- 
ever, the rate of development of the urticarial re- 
sponse as indexed by its latent period is not taken 
into account in the measurement of threshold time. 


using the same period of irradiation, but a shorter 
total period in contact with the filter, or if the 
eiythema is not present, the total period is in- 
creased. By a series of such trials the least time 
required for a minimal erythema to appear is de- 
termined and may be taken as an index of the rate 
of development of the erythemal response for the 
given temperature and period of irradiation. By 
repeated experiments using different temperatures 
and different periods of irradiation a series of 
such measurements were obtained which are dis- 
played in Figure 7. Since the primaiy photo- 



Fig. 7. Effect of Temperature on Latent Period. 


The latent period is shortened as the period of ir- 
radiation is decreased. We have attempted to 
measure the effect of temperature on the rate of 
development of the erjrthemal reaction after the 
end of the irradiation period, as follows. The 
skin is held against the water filter for five min- 
utes, the lamp then turned on, and irradiation con- 
tinued for a given length of time which is known 
from the data of Figure 6 to be longer than the 
threshold time for the particular temperature. 
When the lamp is turned off, the skin is kept in 
contact with the filter for a further period of time, 
and is then moved away and observed for the min- 
imal erythemal response. If the erythema is ob- 
served to be present at the time the skin is moved 
away from the filter, the experiment is repeated 


chemical reaction has a low temperature coeffi- 
cient, the period of irradiation may be taken to 
represent the production of the same quantity of 
reactants at all temperatures used, and the rates 
measured for different temperatures when the 
same period of irradiation was used should be 
subject to comparison. Unfortunately, these 
measurements are laborious and trying to the sub- 
ject, and the measurements which we have made 
are scanty and rough for this reason; they seem, 
however, to be significant. 

The data collected in Figure 7 show that the time 
of appearance of the threshold erythemal response 
is greatly lengthened at low temperatures. In 
fact, the effect is so great that it is difficult to 
obtain comparable data over a wide range of 



268 


II. F. BLUM AND B. J. WEST 


temperatures, and no attempt has been made to 
calculate the temperature characteristics of this 
response. Furthermore, when a temperature of 
35° C. was maintained in the filter and the skin 
kept in contact with it for a long enough period 
of time (over seven minutes), no response ap- 
peared, so that the temperature coefficient could 
not be determined in this region. Our results 
would seem to be quite comparable to those ob- 
tained by Lewis (2, Chapter VII), who found 
that either low (12 to 15° C.) or high (45 to 
47° C.) temperatures inhibit the appearance of 
the triple response following histamine pricks in 
nonnal individuals, or stroking in urticarial sub- 
jects. Lewis has explained this as due, in part 
at least, to changes in the local circulation pro- 
duced by changes in temperature, and if we invoke 
the same explanation it would seem meaningless 
to attempt to determine the temperature charac- 
teristics accurately, since the}'- would not be an 
index to the specific reactions of urticaria solarc, 
but of more general reactions. 

Lewis has suggested that the triple response in 
other types of urticaria results from the release 
of a histamine-like H substance from the cells of 
the skin, and it seems reasonable to extejid this 
concept to urticaria solare. The similarity of be- 
havior with respect to temperature is added evi- 
dence to justify this position. We might, then, 
suggest the following scheme to represent the 
mechanism of urticaria solare: 

1. 6' hv — > Sr 

2. Sr -j- cells — ^ H 

3. H -h vessels -» triple response 

In the primary reaction, 1, S is the light ab- 
sorbing molecule in the skin which is responsible 
for the initiation of the response, hv is a quantum 
of light absorbed by 5 (/z — Planck’s constant 
and V the frequency of the radiation), and Sr the 
reactive molecule resulting. By 5'r we do not 
wish to imply an activated molecule in the strict 
photochemical sense, but merely to indicate that 
the molecule has been in some way modified and 
enabled to take part in a subsequent reaction. In 
reaction 2, Sr reacts with skin cells to release the 
histamine-like substance H, which then reacts 
with the small blood vessels to produce the triple 
response 3. Obviously reaction 2 may be a chain 
reaction involving many steps. Reaction 1 must 


have a very low temperature coefficient since it is 
a purely photochemical reaction, and its rate is 
not dependent on the energy of activation but on 
the capture of light quanta. However, reactions 
2 and 3 are thermal reactions and may have high 
temperature coefficients. It seems probable that 
reaction 3 is the one which dominates the picture 
when the effect of temperature on the rate of ap- 
pearance of the urticaria solare response is stud- 
ied, because of the similarity of behavior to that 
obtained when histamine is introduced directly 
into the skin. The temperature coefficient ob- 
tained for the threshold time is probably deter- 
mined principally by reaction 1 which would ac- 
count for its low value ; reaction 3 probably plays 
little part in the determination of the threshold 
time where the temperature is only maintained 
during the period of irradiation, and the develop- 
ment of the response takes place at approximately 
normal skin temperature. 

TABLE n 

Sensitmiy on various regions of the body, Dece/nber 3, 1935 


Region Threshold time 


Ventral surface of abdomen . . 60 seconds 

Lumbar region of back 60 seconds 

Back over scapula 70 seconds 

Medial surface of thigh 

near knee 165 seconds 

Outer surface of forearm 

(15 cm. above wrist) ISO seconds 

Inner surface of forearm 

(15 cm. above wrist) 105 seconds 

Inner surface of forearm at 

wrist 180 seconds 

Palm of hand 180 seconds (itching only, no 

observable erythema) 

Dorsum of hand Longer than 20 minutes 

Cheek Longer than 20 minutes 


Topographical distribution of photosensitivity- 
Determinations of the threshold time for a num- 
ber of regions of the body are given in Table II. 
A constant light intensity was maintained through- 
out, and all the determinations were made within 
a period of three hours. The sensitivity varies 
widely over the body, the abdomen and lumbar 
region of the back being at least twenty times as 
sensitive as the face and the back of the hands. 
The surface of the abdomen is uniformly sensitive 
within the limits of our experimental error, an 
we have used this region in all our other experi- 
ments. It is of interest to note how the sensi- 
tivity may vary in adjacent regions, e.g.j, compare 
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the palm and dorsum of the hand. Although we 
were unable to produce any erythemic response 
by exposure of the face and dorsum of the hands 
to our light source for twenty minutes, it must 
not be judged that these parts have become en- 
tirely insensitive, for the response can still be 
elicited by exposure to sunlight, and the subject is 
still made uncomfortable by such exposure, al- 
though to a much less extent tiian two years ago. 
Unfortunately, no measurements of this kind were 
made early in the development of the disease, the 
figures in Table II being obtained about nine 
months after its onset. We cannot, therefore, 
make a definite statement that the decreased sensi- 
tivity of the exposed parts has developed as a re- 
sult of exposure to light; but judging from the 
subject’s reaction to casual exposure to sunlight at 
the onset and at present we feel no doubt whatso- 
ever that this is true. Moreover, Duke (6), Val- 
leiy-Radot (7), and Blum, Allington and West 
( 1 ) have all found that exposure to light has some 
effect in decreasing the sensitivity of the skin to 
light. 

Numerous possibilities offer themselves for the 
explanation of the difference in sensitivity of vari- 
ous regions of the skin, and the mechanism of 
desensitization of local areas. Among these arises 
the question of the thickness of the skin, and its 
relative transparency to light. Miescher (8) has 
pointed out that the thickness of the skin is very 
important in determining the sensitivity of normal 
skin to the erythema producing ultraviolet radia- 
tion (principally shorter than 3200 A), and that 
the decrease in sensitivity to such radiation after 
exposure to it, may be due to the thickening of the 
epidermal layers. The data of Bachem and Reed 
(9) for the absorption of different wavelengths of 
light by the various layers of the skin, afford the 
opportunity to make some estimate of the effect of 
the thickness of the epidermis on the normal ery- 
themic response and on the urticaria solare re- 
sponse. The normal erythemic mechanism would 
seem to be set off in the epidermis, probably 
chiefly in the malpighian layer, since there is very 
little penetration (9 to 16 per cent) of the exciting 
wavelengths below this layer, since the malpighian 
layer is the principal site of pigment deposition 
which follows the erythema (Laurens (10)), and 
since the erj'thema is delayed as though time might 



Fro. 8. Effect of TnrcKENrNG of Skin on Penetra- 
tion OF Radiation. 

Abscissa — thickening in mm. Ordinates — per cent re- 
duction in radiation reaching the photosensitive layer. 
Broken line — 3000 A, malpighian layer (normal erythemic 
response). Solid line — 4500 A, papillary layer (^urticaria 
solare) . 

be required for the products resulting from the 
irradiation to reach the papillary layer where the 
first blood vessels are found. In Figure 8 has 
been plotted the percentage reduction in radiation 
of wavelength 3000 A reaching the malpighian 
layer which would be caused by thickening of the 
corneum, based on the data of Bachem and Reed 
which is for skin from the region of the flexor 
surface of the arm and the abdomen. It wilt be 
seen that a thickening of 0.03 mm., which amounts 
to doubling the thickness of the comeum, would 
reduce the radiation reaching the malpighian layer 
by about 66 per cent, so that an amount of thick- 
ening which would he difficult to observe would 
cause a considerable difference in the sensitivity of 
the skin to radiation of this wavelength. Thus 
small differences in the thickness of the skin at 
different regions of the body would produce 
marked variations in sensitivity, and it is con- 
ceivable that thickening resulting from irritation 
caused by irradiation would account for at least 
part of the resistance of the skin to ultraviolet 
radiation subsequent to exposure (Laurens (10)). 

The case of the urticaria solare response is 
somewhat different, the radiation which evokes it 
being transmitted by the skin to a much greater 
extent. The response appears almost immediately 
after the irradiation, in contrast to the response 



270 


n. F. BLUM AND R. J. WEST 


elicited by ultraviolet light, which suggests that 
the locus of action is close to the small vessels 
which first appear in the papillary layer. Upon 
reference to the data of Bachcin and Reed (9), 
we find that only about 20 per cent of the total 
light of wavelengths 4000 to 5000 A incident upon 
the skin is absorbed in the epidermal layers, but 
that 50 per cent is absorbed in the papillary layer, 
so that it is quite possible that the urticaria solare 
response is elicited in the latter layer. In Fig- 
ure 8 is plotted the percentage decrease in radia- 
tion of wavelength 4500 A, which results from 
increasing the thickness of the epidermis; this 
indicates that the thickness of the epidennis 
should have much less effect on the urticaria solare 
response than on the er^dhemic response to ultra- 
wolet radiation. From Figure S it may be seen 
that a thiclcening of 0.1 mm. which amounts to 
tripling the thickness of the epidermis would be 
required to reduce the light reaching the papillary 
by 60 per cent. While differences in the thickness 
of the skin might be an important factor in deter- 
mining the threshold time for the various regions 
of the body, it is improbable that it is a very im- 
portant factor in the desensitization of the skin. 

Blum, Allington and West (1) found that suc- 
cessive irradiation of an area of the skin with the 
quartz-mercury arc in quantity sufficient to pro- 
duce a strong pigmentation reduced the sensitivity 
of that area to a marked degree. A filter was 
interposed (Corning 986) to remove the radiation 
above 4000 A, so that the urticaria solare response 
was not elicited during the building up of the pig- 
ment. As we have pointed out above, thickening 
of the epidermis could hardly account for a large 
part of the decrease in sensitivity. The pigment, 
which is deposited in the basal cells of the mal- 
pighian layer of the epidermis, may be very effec- 
tive as a filter if the urticaria solare response orig- 
inates in the papillary layer provided it absorbs 
strongly in the blue-violet region, and may con- 
ceivably be the cause of the apparent desensitiza- 
tion in the experiment of Blum, Allington and 
West. However, at the time the tests recorded 
in Table II were made, the face of the subject 
showed very little pigmentation so that the lack 
of sensitivity of this region could not be credited 
to any extent to this factor. 

Another possibility is that the exposed areas of 


skin in which the urticarial response has been fre- 
quently produced by the action of light, has de- 
creased in sensitivity to the products of the photo- 
chemical reaction; for instance, its sensitivity to 
histamine. This was tested by pricking histamine 
into various regions of the skin, and comparing 
the reaction with that of a series of normal indi- 
viduals." The subject’s reactions to histamine 
were within normal limits on all parts of the body 
‘including the exposed parts. The sensitivity to 
histamine is normally less on the exposed parts, 
but the difference is not of the order of the differ- 
ence in sensitivity to blue-violet light shown by 
our subject. Reactions to adrenalin pricks were 
also within nonnal limits. Thus we have no rea- 
son to suspect an abnormal vascular reactivity in 
the subject. 

Finally, we come to the concept that exposure 
to light exhausts some part of the photochemical 
mechanism. This is the suggestion of Duke 
(11). We must admit this as a distinct and rea- 
sonable possibility, but one that cannot be cate- 
gorically'- accepted in face of the other possibilities 
cited above, unless further proof can be found. 
The fact that Blum, Allington and West (1) were 
able to produce a decrease in sensitivity^ by ultra- 
violet irradiation without eliciting the urticaria 
solare response demonstrates that some other fac- 
tor is involved than the w'earing out of the photo- 
chemical mechanism. It is probable that all the 
factors mentioned play'’ a part in decreasing the 
sensitivity of the skin which is exposed intermit- 
tently to sunlight. 

Variations in the general sensitivity with time. 
An attempt was made to follow the sensitmty of 
a region of the skin normally covered by clothing, 
the abdomen, over the course of ten months. 
These determinations were subject to a greater 
error than our other studies, because it was im- 
possible to use the same lamp throughout the en- 
tire series, and because in some cases the voltage 
was not carefully controlled. Moreover, at the 
time of the earlier measurements we were not 
aware of some of the possible errors in the detec 
tion of the threshold. In general, the later 
minations are more trustworthy, but it is difficu t 

2 These tests were made through the courtesy of Dr. 
Eric Ogden who will publish an account of the met 
and results of a series of such tests at a subsequent im 
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Fig. 9. Variatiok o? Threshold Time during a Period of Two Months. 


to see how the error could be greater than SO per 
cent throughout the series. Figure 9 shows a 
series of measurements carried over a period of 
three months which are probably comparable. It 
shows no general trend of sensitivity over the 
whole period of three months, but demonstrates 
that there are fluctuations of short duration which 
are undoubtedly greater than the estimated error. 
These results indicate that it is probably impor- 
tant to perform a given experiment on a single 
day, and this has been our policy. They also in- 
dicate that in any attempt at therapy one should 
not be misled by minor changes in sensitivity 
which may be only ephemeral. 

The relative stability of the photosensitivity in- 
dicates that the photochemically active substance, 
whatever its nature, is constantly renewed. It 
may be a product of abnormal metabolism, a sub- 
stance elaborated by a parasite, or a substance 
regularly introduced in the diet. In consideration 
of the latter possibility, some attempt was made to 
eliminate various factors from the diet, but with- 
out any observable effect on the photosensitivity. 

Miscellaneous skin tests. As has been indi- 
cated in the preceding discussion, there is no rea- 
son for believing that an allergic reaction in the 
usual sense of the word is involved in the urti- 
caria solare response. The only assumptions 
which are necessary to explain the response are 
that a photoactive substance is abnormally present 
- which, when activated by light, initiates reactions 
which result in the production of a histamine-like 


substance. Nothing is definitely known about the 
intermediate steps except that they are not of 
the “photodynamic” type since they do not re- 
quire molecular oxygen as was shown by Blum, 
Allington and West (1) and Blum, Watrous and 
West (12), There seems no reason for assum- 
ing that they are related to allergic reactions, but 
we have searched for an allergic background since 
it is commonly suspected in urticarial cases. No 
history of allergy either in the patient or members 
of his family was obtained, and scratch tests with 
a large number of food, pollen, and epidermal ex- 
tracts gave only negative results. Reactions to 
heat and cold and to stroking are normal, and 
there is no dermatographism. Thus no evidence 
of an allergic background for this condition has 
been found. 

Passive transfer of the sensitivity was at- 
tempted by intradermal injection of serum from 
the patient into normal skins. In preparing the 
serum, the active blue-violet light was excluded, 
in order that any photolabile substance might not 
be destroyed. No uniform differences were 
found between the reactions to this serum and 
those to serum from a normal individual. The 
serum was then exposed to light and the injec- 
tions repeated, but with similar results. Expo- 
sure of the injected area to light also failed to 
provoke any abnormal response. 

Prompted by the close association of a bee 
sting with the onset of the photosensitiwtj* we 
tested the patient’s sensitivity to an extract of bee 
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venom, prepared as suggested by Thompson (13) 
b}’’ triturating the poison apparatus in normal 
saline and filtering through a Seitz filter. One- 
tenth cubic centimeter of a solution estimated to 
contain 1 to 1500 parts of venom when injected 
intradermally provoked a wheal approximately 
one centimeter in diameter showing free pseudo- 
podia. In nonnal individuals the usual result is 
an erythematous papule less than half this size, 
so that the patient seems somewhat sensitive to 
bee venom. Suspecting some relationship be- 
tween this sensitivity to bee venom and to light, 
attempts were made to desensitize the patient by 
a series of injections of the dilute bee venom 
solution, but without any definite effect on the 
sensitivity of the patient to light. Simultaneously 
and subsequently the patient was given hydro- 
chloric acid by mouth to correct a condition of 
achlorhydria, but no change in sensitivity to light 
resulted. 

The active wavelengths. As stated abo^e, the 
preliminary studies by Blum, Allington and West 
( 1 ) delimited the wavelengths which produce this 
urticarial response to the region between 3900 
and 5300 A, which is in very good agreement with 
the findings of Duke (6), Vallery-Radot (7), and 
Frei (14) for their cases. We must assume that 
whatever the ultimate chemical reaction which 
produces this urticarial response, the primary re- 
action is the absorption of a quantum of light by 
a molecule of some photoactive substance in the 
skin as represented in reaction 1 above, and what- 
ever this substance may be, it must have a char- 
acteristic absorption spectrum, i.e., there must be 
only restricted regions of the spectrum which it 
can absorb, and consequently only light of these 
spectral regions can bring about the urticarial re- 
sponse. We dwell upon this fundamental point 
because it has been too frequently disregarded in 
the study of photosensitivity in man. The rela- 
tive sensitivity to different wavelengths should 
correspond to a certain degree with the amount 
of light absorption of the photosensitizing sub- 
stance, and the curve relating sensitivity and 
wavelengths should approximate the absorption 
spectrum of that substance. There are, of course, 
a number of factors which would tend to produce 
some disagreement in these curves, such as the 
effect of the solvent on the absorption spectrum of 


the photoactive substance, the specific absorption 
of the skin, variations in photochemical efficiency 
with wavelength, etc . ; but if we are able to obtain 
a sensitivity wavelength curve for the photo- 
dermal response, we have a basis for a guess as to 
the nature of the photosensitizing substance. For 
this reason we have attempted to make some more 
quantitative determinations than those previously 
reported. 

In these studies colored glass filters were used 
to isolate relatively narrow bands of wavelengths. 
The transmissions of the various filter combina- 
tions were determined for the visible region of 
the spectrum by means of a spectrophotometer. 
Since we had already determined by means of 
glass color filters (Blum, Allington and West 
(1)) and sunlight or quartz mercury arc that 
wavelengths outside the 3900 to 5300 A region 
were ineffective, we could disregard any filter 
transmission outside of this restricted region. 
The spectrophotometric measurements could not 
be made for wavelengths shorter than 4300 A, 
and it was necessary to extrapolate to zero trans- 
mission beyond this point, but our preliminary 
determinations would indicate that the sensitivity 
below this wavelength is so slight that no sig- 
nificant error could have been introduced. 

The lamp used in these particular experiments 
was the one whose emission curves are plotted m 
Figure 2; it was operated at 120 volts, at which 
voltage the color temperature was 3180° K. The 
emission curve was calculated for a black body at 
this temperature by means of Wien’s equation 
(see Harrison (3)), and the transmission of each 
filter combination for given wavelengths was mul- 
tiplied by the emission for the corresponding 
wavelengths ; thus curves were obtained for the 
relative quantities of radiant energy incident 
through the various filters. A further correction 
was made to give a relative number of quanta by 
multiplying by the wavelength of the radiation.® 

3 Since the amount of photochemical reaction depends 
upon the number of quanta absorbed by the photocherni 
cally active substance S, it is proper to compare the re a 
tive number of quanta rather than the relative energies 
corresponding to the exciting wavelengths. The correc 
tibn is so small in this case as to be of little significance, 
however. The subject is discussed by Blum and Sem 
(15), in which paper Equation 8 should read: JV\ 

— log T\). 
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Fig. 10. Light Passing through Filters Used to Isolate 
Spectral Regions. 


The curves for the relative number of quanta 
passing through the filter are shown in Figure 10. 

TABLE III 

Photosensilivity to restricted spectral regions 

(Experiments 1, 2, and 3 were performed on October 12, 
October 29, and October 30, respectively) 


Filter 

X 

Max- 

imum 

A 

Ex- 

peri- 

ment 

/ 

kx = A XI 



k 



seconds 



BG2 + GG3 

4350 

.44 

1 

ISO 

66 

,015 




2 

150 

66 

.015 




! 3 

195 

86 

.012 







Average *=.014 

038 +585 

4500 

.38 

1 

90 

42 

.025 




2 

90 

42 

,025 




3 

85 

39 

,036 







Average =.025 

BGl +GG8 

4650 

1.00 

1 

90 

90 

,011 




2 

70 i 

70 

,014 




3 

70 

70 

.014 







Average =.013 

BGl +GG7 

4850 

.32 

1 

165 

53 

.019 




2 

195 

62 1 

.016 




3 

165 

53 

.019 



1 



1 

Average =.018 

3S2 +554 

4900 

.19 

1 

330 

64 1 

.016 




3 

300 

58 

1 

.017 







Average =.016 

986 




300 (no response) 

338 




100 (heat response) 


The relative number of quanta reaching the skin 
through each filter should be proportional to the 
area under the curves. These areas, measured by 
means of a planimeter, are expressed in relative 
units as A in Table III. 

The threshold time for the erythemal response 
was determined for each filter, the values for 
three experiments being given in Table III. 
Since the reciprocity law holds for light made up 
of all wavelengths, it may be assumed that it also 
holds for the restricted spectral bands which pass 
through the filters. Thus the product of A, 
which is a measure of the relative number of 
quanta passing a given filter, and the threshold 
time f, should give a value k\, which is a measure 
of the relative number of quanta required to elicit 
a response at that wavelength. The reciprocal of 
kx should be a measure of the relative sensitivity 
at this wavelength, and is the value which may be 
compared with the absorption of a substance sus- 
pected of being the photochemically active agent. 
Assuming the values of l/k\ to represent the 
sensitivity of the urticaria solare response at the 
wavelengths corresponding to the maximum trans- 
missions of the various filters, it would appear 
that the sensitivity has two wavelength maxima, 
one at about 4500 A, and another at about 4900 A, 
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witli a distinct inininuim at about 4650 A. That 
thci c is little sensitivit 3 '^ above 5000 A or below 
4000 A was sliou’n clearlj^ by the earlier experi- 
ments of Blum, Allington and West (1). Ob- 
viously, these values of l/k\ are subject to a con- 
siderable degree of error in botli parameters, in 
the one case due to the experimental error in- 
volved in determining the threshold, and in the 
other due to the fact tliat tlic band of liglit trans- 
mitted by the filter is rather wide; the degree of 
error in the latter case cannot be accurately esti- 
mated. Another error is introduced, of course, 
in the detennination of the color temperature of 
the lamp which might somewhat alter the relative 
values, although this could hardly affect the posi- 
tion of the maxima. At best, these values can- 
not be considered as very accurate, but they might 
be expected to give an approximate picture of the 
absorption spectrum of the photosensitizing sub- 
stance which is responsible for the urticarial 
response. 

We ma}'’ now begin our search for the absorp- 
tion spectrum of some biological substance which 
will fit this region of absorption with a reasonable 
degree of approximation. By reference to the 
data on absorption bands accumulated in Tabulae 
Biologicae (16, 17, IS, 19, 20) we find that only 
one group of pigments there listed has the max- 
ima of absorption of its members confined to the 
general spectral region which elicits the urticaria 
solare response; these are the carotenoids. As 
pointed out by Blum, Allington and West (1), the 
porphyrins, which are active photosensitizers, ex- 
hibit a minimum of absorption between 4000 and 
5000 A (21) ; the bile pigments show no maxima 
which will correspond with the region of sensitiv- 
ity as is also true for cytochrome and hemochro- 
mogens in general (22). The flavines, another 
group of naturally occurring photolabile pigments, 
absorb in the same general spectral region as the 
carotenoids (4000 to 5000 A), but show greater 
absorption in the near ultraviolet (23) ; so that if 
one of these were the sensitizer in the present 
instance, we should expect to find photosensitivity 
in the corresponding spectral region where the 
individual with urticaria solare exhibits little or 
no sensitivity. 

Thus the carotenoids which are definitely pho- 
tolabile seem to offer the best agreement with our 


experimental data, and in Figure 1 1 we have plot- 
ted the nhsorption spectrum of a carotene in alco- 



Abscissa — Angstrom units ; ordinates — arbitrary values. 
Circles — relative sensitivity of urticaria solare {Ifk). 
Horizontal lines and crosses — relative sensitivity of pho- 
totropic bending of the oat seedling. From Johnston 
(25), corrected to relative number of quanta. Curve- 
absorption of a carotene in alcohol. From Miller, Mac- 
kinney and Zscheile (24). 


hoi (24), together with our experimentally ob- 
tained values l/k\ for the urticaria solare re- 
sponse. In the figure the ordinates for both were 
chosen so as to bring the absorption cun^e of 
a carotene and the values of l/k\ into relation- 
ship. It will be seen that at least a rough agree- 
ment exists. 

In Figure 11 we have also plotted spectral sen- 
sitivity data for the phototropic response of the 
oat seedling, as given by Johnston (25), choosing 


our ordinates so as to bring the data into ac- 
cordance with the absorption curve of a carotene. 
The agreement is rather good, but we could not 
from this make a categorical statement that a 
carotene or any other specific carotenoid is the 
photoactive substance responsible for phototro- 
pism in the oat seedling, although we must admit 
that possibility which has been previously su^, 
jested by Bachmann and Bergann (26). We note 
the existence of two distinct maxima in the data 
3f Johnston corresponding approximately to tie 
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two maxima in our own data for the urticaria 
solarc response. Other data for the phototropic 
bending of the oat seedling do not agree quan- 
titatively with that of Johnston (see Bachmann 
and Bergann (26) ; Haig (27), but all the meas- 
urements agree in the delimitation of the general 
spectral region and in general in the display of 
two maxima. In considering the data from sev- 
eral sets of measurements on the phototropic 
bending of the same organism, the oat seedling 
(Avcua saliva), we see that the deviations among 
the various sets of measurements are as great as 
the deviation of our own measurements from any 
one of the above, even though our own data are 
admittedly of a relatively low degree of accuracy. 
Thus, so far as the evidence goes the photo- 
chemically active substance may he the same in 
both. Carotenoid pigments have been suspected 
as the photosensitive materials in phototropic 
bending of plants, and Castle (28) has been able 
to extract such a pigment from phycomyces whose 
absorption spectrum fits well with the spectral 
sensitivity curve which he has determined for that 
organism, and which would also approximate our 
own data and that for the oat seedling. This 
discussion of the spectral sensitivity of the orient- 
ing mechanism in plants has been introduced prin- 
cipally to show the deviation in measurements 
obtained on other living systems. Numerous 
factors exist which would create differences be- 
tween the curves of spectral sensitivity of the 
living organism, and the absorption curve of the 
responsible photochemically active substance when 
removed from the living tissue and in solution in 
some solvent other than that in which it is dis- 
solved in the organism. For example, the dif- 
ference in transmissivity of the epidermis to the 
various active wavelengths might alter the effec- 
tiveness of the various spectral bands in eliciting 
the urticaria solare response; but from the data 
of Bachem and Reed (9), we may estimate a 
rather uniform decrease in transmittency of about 
15 per cent from 5000 to 4000 A, which could not 
greatly alter our sensitivity curve. Again, it is 
unfair to make a comparison of the absorption 
spectrum of a carotenoid pigment in solution in 
alcohol with the spectral sensitivity curve of an 
organism in which the absorbing pigment must 
be in solution in some other solvent. The ab- 


sorption spectra of the carotenoids are shifted 
very markedly with the solvent employed, so that 
it is impossible to select any specific carotenoid 
as showing better agreement with the data than 
another. The choice of a carotene in alcohol for 
plotting in Figure 11 was made only because it 
showed the possibility of agreement, not to indi- 
cate that this is the actual carotenoid involved. 
An examination of the absorption spectra in the 
monograph of Zechmeister (29) will show the 
extent of the shift of the absorption spectra of 
carotenoids with the solvent, and will also show 
that these spectra display two principal maxima 
separated by a well defined minimum, no matter 
what the solvent. The apparent existence of two 
maxima in our measurements of the spectral sen- 
sitivity of urticaria solare, and of the phototropism 
of Avena gives strong support to the hypothesis 
that carotenoid pigments are responsible for both 
photo-physiological responses. 

Until other evidence is offered, then, we must 
suspect that a carotenoid pigment is the photosen- 
sitizing agent in the case of urticaria solare now 
in hand, and may use this as a working hypothesis. 
Following this evidence we have attempted to 
produce local sensitivity to light by injecting solu- 
tions of carotene and xanthophyll into rabbits’ 
ears and into human skin, but exposures of the 
injected areas to sunlight for periods as long as 
twenty minutes produced no response which could 
be taken as definite evidence of photosensitivity. 
The solvents used for injection were cottonseed 
oil and propylene glycol. In both cases, particu- 
larly the former, a considerable irritation was 
produced by the injected material which may have 
masked any response resulting from exposure to 
light. 

DISCUSSION 

The evidence presented in the preceding pages 
would best be explained by the postulation that a 
carotenoid pigment is present in the skin, which 
may be activated by light to set off a series of 
reactions which result in the release of H sub- 
stance in the region of the small blood vessels. 
The ultimate result is the appearance of the triple 
response on the area of skin reached by the light. 
The only abnormal part in such a mechanism is 
the presence of the carotenoid pigment, and it 
will be well, therefore, to inquire into the plausi- 
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bility of the presence of such a pigment, and its 
possible origin. Carotenoids are taken up in large 
quantities in the normal diet, a certain fraction 
being changed into vitamin A, and a large part 
excreted in the feces. In some cases, after in- 
gestion of great quantities of food rich in caro- 
tenoids, enough may accumulate in the skin to 
give the individual a yellow or reddish color (29). 
Hess and Myers (30) found that infants fed an 
excess of carrots assumed a yellow coloration, 
and that carotene could be isolated from the blood 
and urine in such cases; there seems to be no 
record of sensitivity to light, but Klose (31) states 
that the yellow color is most pronounced on the 
parts normally exposed to light. 

It would seem thus that great quantities of 
carotenoid pigments may be present in the skin 
without sensitivity to light, at least in a degree 
comparable with that of our subject. Moreover, 
our patient does not show a general yellow tint, 
so that there can be no great excess of carotenoids. 
It seems probable that any carotenoid entering the 
skin from the blood stream would be deposited 
principally in the fat of the subcutaneous layers 
because the carotenoids are very soluble in fat 
and insoluble in water, and the observations of 
Klose (31) would indicate that this is the point 
of deposition. The penetration of blue and violet 
light to the subcutaneous layers is not great, and 
for reasons discussed above it seems probable that 
the tij'ticaria solare response is set off in the papil- 
lary layer of the corium. It would seem neces- 
sary to assume from this that in our subject the 
carotenoid is deposited superficially to the subcu- 
taneous fat, that it is not present in great quanti- 
ties, and that it owes its effectiveness as a photo- 
sensitizer to its position in the skin or that it is 
a specific kind of carotenoid which is not ordi- 
narily present in the human organism. All this 
suggests that the carotenoid may be produced in 
the skin through the agency of a parasite. It is 
therefore worthy of remark that our subject dis- 
plays a few of the yellow macules of Tenia versi- 
color which result from infection of the skin by 
the fungus Malasesia ftirfur, and that it may be 
this organism which is producing the photosensi- 
tizing carotenoid. We have been unable, however, 
to show that the yellow macular areas are any 
more sensitive than parts of the skin which appear 


free from the infection, so that this hypothesis 
receives no substantiation for the present. 

SUMMARY 

Photo-physiological studies of an urticarial re- 
sponse elicited by blue and violet light demonstrate 
the following. 

1. The response obeys the reciprocity law. 

2. Studies of the effect of temperature indi- 
cate that the mechanism of the response includes 
a photochemical reaction which is not greatly af- 
fected by temperature, and a thermal reaction 
which is greatly modified by changes in tempera- 
ture. The latter is probably the action of a hista- 
mine-like substance on the small vessels of the 
skin. 

3. All parts of the body are sensitive to light 
but the degree of sensitivity varies from region to 
region. The exposed parts are much less sensi- 
tive than the parts covered by clothing. The rea- 
sons for these variations are discussed. 

4. The sensitivity fluctuated somewhat with 
time, but there was no general trend in the course 
of ten months. 

5. Detennination of the spectral sensitivity sug- 
gests that the photosensitizer is a carotenoid pig- 
ment. The possible origin of such a carotenoid 
in the skin is discussed. 

We wish to express our appreciation of the assistance 
graciously given by the following: Dr. H. V. Allington 
who made the clinical studies; Professor L. M. K. Boel- 
ter who determined color temperatures of lamps; Pro- 
fessor Eric Ogden for histamine tests ; Professor A. P- 
Krueger for bacteriological control of materials for in- 
jection; and Doctors G. Mackinney and S. Lepkovsky 
who provided samples of xanthophyll and carotene. 
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Man, as is well known, is one of the few species 
whose blood cells are permeable to glucose. The 
permeability rate of human blood cells for glucose 
has been the subject of many investigations at- 
tempting to define the significant factors of this 
phenomenon. Ege (1) was the first to investi- 
gate the importance of the concentration of the 
glucose. With a low glucose concentration there 
rapidly occurred a balance between the glucose in 
the extracellular fluid and the watery phase of the 
blood cells ; with a higher degree of concentration, 
the blood cells gradually became swollen, with a 
much slower inward diffusion rate (a contribut- 
ing factor here, however, was a probable simul- 
taneous outward flow of potassium from the blood 
cells). 

These conditions were more thoroughly exam- 
ined by Bjering (2) who likewise found the rate 
of diffusion slower when the concentration of 
glucose was raised. He noted further that the 
diffusion rate for glucose gradually diminished to 
a degree greater than might be expected from 
Pick’s law ^ as more glucose entered the blood 
cells. There is much to suggest that it is a ques- 
tion of a tightening of the pores of the blood cell 
membranes in the presence of glucose molecules, 
as a similar lowering of the diffusion rate has been 
observed when collodium membranes are em- 
ployed. 

Bjering showed too that the inward flow of the 
glucose could be brought to a complete standstill 
by the addition of cyanide of mercury to the sus- 

1 Pick’s law accounts for the rate of diffusion through 
membranes by the formula : 

Cv 

k‘t = log , 

Cy — C< 

when k is the constant, t the time, Cy the concentration 
of the investigated substance in the outer fluid, and C« 
the concentration of the substance in the watery phase 
inside the cell membrane. 


pension fluid. This same worker also investi- 
gated the importance of the temperature. He 
found a ^ value of about 2, working with 
temperatures between 20° and 30° C, a reading 
corresponding to that found by Prskov (3) for 
glycerin and thio-urea. 

Investigations relating to the individual varia- 
tions in the permeability of the blood cells from 
different persons are few in number. Schi^dt 
(4), who has devised a formula for the estimation 
of the permeability constant by hematocrit estima- 
tion, found a uniform constant in relation to the 
permeability to NH^Br in a series of normal men. 
He noted that the time interval during which the 
blood had stood prior to the performance of the 
test was a matter of importance, for example, 
older blood showed a lower permeability rate. 

Schonheyder (5), using Schi^dt’s equation and 
the hematocrit method, tested the permeability 
constant of the blood cells for malonamid iii 50 
healthy and sick persons, and found a like con- 
stant in all the cases. The patients examined in- 
cluded various types of anemia, one case of per- 
nicious anemia and one of hemolytic jaundice. 
No mention is made of the importance of the time 
interval during which the blood had stood before 
the performance of the tests. The experiments 
conducted by Jacobs (7) and by Hdber and 
Prskov (8), concerning the lapse of time before 
hemolysis took place in a suspension of human 
blood in solutions of different anelectrolytes were 
few in number. Furthermore, hemolytic tests are 
more uncertain than the determination of the 
permeability by the alterations in cell volume, so 
that their experiments perhaps bear no very great 
weight upon the subject in question. 

Thus the literature to date affords no sure evi- 

- Qn stands for the increase in diffusion rate which is 
brought about by a rise in temperature of 10° C. 
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dence of a variation in the permeability of the 
blood cells from different persons. 

Prskov’s experiments (6), however, establish 
the fact that there are considerable differences in 
the permeability to glycerin exhibited by the blood 
cells of different rabbits, while the permeability to 
thio-urea is more or less constant. It therefore 
seemed possible that the conditions relating to 
ammonium bromide and malonatnid in the case 
of human beings might resemble those for thio- 
urea in rabbits, and that one might succeed in 
finding substances exhibiting individual variations 
in permeability rate towards the blood cells of dif- 
ferent persons, similar to that shown for glycerin 
in the case of rabbits' blood cells. 

Tentative investigations revealed a variation 
from person to person in the diffusion rate for 
glucose through their respective blood cell mem- 
branes. The technique followed, of which an ac- 
count has been given in a previous communication 
(3), was the same as that employed in correspond- 
ing experiments with rabbits' blood. Concerning 
the principle of the method, the technique, and the 
determination of the permeability constant, ref- 
erence may be made to the publication in question. 
Here we shall only mention certain details. 

The blood to be used is taken from a vein in the 
arm, defibrinated in a small closed test tube and 
filtered. The test is first made after a lapse of 
4 hours or more, 1 cc. of blood being carefully 
suspended in 100 cc. of a 0.88 per cent NaCl and 
0.15 per cent NaHCOg solution, which is in equi- 
librium with oxygen that contains 4.7 per cent 
COn and has therefore a pH value of 7.3. 

The container, in which the permeability rate is 
estimated, is large enough to hold 30 cc. of the 
suspension. The glucose solution employed is 
2 molar (it contains also 0.9 per cent NaQ), 

1 cc. being taken for mixing with the blood cell 
suspension, so that this latter eventually contains 
1.16 per cent glucose. For the purpose of gaug- 
ing the permeability curve, adjustment curves are 
charted showing the effect of adding 1 cc. of 3.97 
per cent saline solution to fresh samples of the 
blood cell suspension, whereby the osmotic pres- 
sure is raised half as much as with the addition of 
the glucose solution. In this manner the time re- 
quired for the concentration of the glucose in the 
watery phase of the blood cells to reach half of 
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that found in the extracellular fluid is determined. 

In the following pages the permeability rate 
is expressed as the minute constant (M-C)/ 
which is calculated according to Pick’s law. A 
number of tests were carried out for the purpose 
of defining which factors are those influencing the 
permeability. 

As already stated, Ege's and Bjering’s experi- 
ments showed that the concentration of the glu- 
cose plays a part in determining the rate of 
permeation. This was also the case in the ex- 
periments described below: the M-C became less 
with a higher glucose concentration. 


Glucose 

concentration Minute 
in blood ceil constant 

suspension 
/>er cent 

Blood from normal person 0.58 0.57 

1.16 0.24 

Blood from normal person 0.58 0.78 

1.16 0.33 

Blood from patient with per- 
nicious anemia 0.58 1.61 

1.16 0.81 


Thus it is seen that the permeability is raised 
2.5 times, when the glucose concentration is 
halved. 

In addition, the ^2io blood from 3 per' 

sons, 2 of whom were suffering from pernicious 
anemia and one was normal, was determined. 
The variations in the temperature were produced 
by passing water at different temperatures through 
the spiral glass in the container holding the blood 
cell suspension. 

Temperature range On 

® c* 

Blood from normal person 12 to 22 

Blood from patient with perni- e ^ 

cious anemia 11 to 21 

Blood from patient with perni- ^ 25 

cious anemia 11 to 21 

These experiments gave, therefore, a resulting 
Qio varying from 5.0 to 6.25, i.e., values which are 
considerably higher than those obtained by Bjc 
ring. To ascertain if the reason for this di- 
vergence might lie in the utilization of differen 
suspension fluids, a further series of tests 

3 The constant calculated from Tick's 
the minute constant (M-C), when the time unit is 
minute. A high M-C reading corresponds with_ a Ten- 
diffusion. a low M-C reading with a slow diffusion. 
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carried out with Christensen-Warburg’s fluid/ 
and the same Q^o obtained as in the aforemen- 
tioned experiments. Bjering used higher degrees 
of glucose concentration (2 to 4 per cent) than 
those employed in the above experiments, and it 
is possible that this factor may account for the 
considerable differences in the resulting readings. 

The experiments recorded in this paper were 
performed at a temperature of about 20°, and the 
constants obtained have been corrected to 20°, 
being calculated for a 0io of 5.5, except in those 
instances in which the is directly estimated. 
The interval of time before the blood is used for 
the test undoubtedly plays a part in relation to 
the minute-constant; glucose diffuses through the 
blood cell membranes more readily when the blood 
employed is fresh than when it has stood for 
some hours. In the present series of experi- 
ments, the blood had stood for 4 hours or longer 
prior to its being used. After such an interval 
there occurs only very slight further alteration in 
the permeability judging from the few control 
tests performed. In this connection, however, 
there is a source of error, inasmuch as a control 
test was not performed in every case to determine 
how much the permeability had changed since the 
withdrawal of the sample or how much it might 
have changed if the blood had been allowed to 
stand for a still longer period. 

The individual variations determined in the 
permeability to glucose, which were moreover 
much less than those shown in the case of glycerin 
and the blood from different rabbits, would have 
been more reliable if it had been possible in some 
way to stabilize the permeability of the blood cells 
immediately after the withdrawal of the blood. 
Preliminary tests, performed with this aim, did 
not, however, lead to any satisfactory result. Un- 
til further evidence is forthcoming, therefore, the 
best method of procedure without any doubt is to 
allow the blood to stand for so long a time that its 
permeability becomes more or less constant. 

The permeability of the blood cells to glucose 
was investigated in 12 normal persons (Table I). 
The minute-constant here is seen to have varied 
within quite narrow limits, viz., 0.20 to 0.32, giv- 

Christensen-Warburg’s fluid contains ll.S grams 
NajfCOO)., 0.315 gram KH.PO,, and 1.365 grams 
NajHPO, per liter. 


TABLE I 


Normal persons 


Case 

number 

Sex 

Age 

Glucose M-C 



years 


3 

M 

20 

0.30 

11 

M 

29 

0.26 

12 

M 

35 

0.32 

27 

M 

20 

0.20 

30 

M 

69 

0.20 

38 

F 

12 

0.24 

63 

M 

8 

0.32 

132 

M 

34 

0.31 

133 

M 

21 

0.24 

134 

M 

23 

0.29 

135 

M 

22 

0.29 

136 

M 

21 

0.27 

Total 12 


Average 0.27 

Maximum 0.32 
Minimum 0.20 


ing an average of 0.27. In 2 normal persons the 
permeability was tested at intervals of some days 
(Table II) and showed only small divergences 


TABLE II 

Normal persons on different days 

Case 

number 

Date 

Glucose M-C 

12 

December 13 

0.33 


December 17 

0.30 


April 4 

0.33 


Average 

0.32 

132 

January 10 

0.3S 


March 4 

0.30 


March 7 

0.28 


March 9 

0.28 


March 10 

0.31 


March 11 

0.32 


March 16 

0.30 


Average 

0.31 

from the 

average in these same, namely, a maxi- 

raal variation of plus 0.04 and minus 0.03, i.e.. 


roughly 13 per cent. 

The alteration in the permeability of rabbits' 
blood cells to glycerin after venesection, shown by 
Prskov (6), prompted the experiments recorded 
in Table III in relation to the permeability of the 
blood cells to glucose in the case of human beings 
in the regenerative stage after gastro-intestinal 
hemorrhage. In this series, the same average 
M-C was found as in normal persons, viz., 0.27. 
The range of variations on the other hand is seen 
to have been larger, namely, a maximal plus 0.12 
and minus 0.12. The variations do not appear to 
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TABLE III 


Posthemorrhagic anemia 


COFC 

num- 

Ijcr 

Diagnosis 

Hemo- 

globin 

Red 

blood 

cells 

Color 

index 

M-C 

1 

Ulcer of duodenum; Iicmnlemcsls;Icu- 
kopenia 

prr cent 

41 

million 

2,1 

1.0 

0 30 

4 

Duodenilis; hcmafcmcsis 

Gi 

3.3 

1.0 

n. 2 r» 

5 

Hcmatcracsis 

0.5 

4.75 

1.0 

0.24 

24 

Ulcer of duodenum; mclcna 

48 

2.5 

1.0 

0 20 

2G 

Cirrhosis of liver; hemntemesis 

37 

2.7 

0.7 

0 2S 

20 

Ulcer of duodenum; hemntemesis 

50 

2.7 

1.1 

0.24 

37 

llcraatcmcsis 

41 

7 1 

1.0 

0.15 

50 

U!e. vcntriculi 

34 

1.0 

0.0 

0.35 

70 

Hemorrhoid tumor; mclcna 

41 

3.5 

0.0 

0.35 

Total 

0 



Average 

Maximum 

Minimum 

0.27 

0.30 

0,15 


stand in any dependent relationship to the degree 
of anemia. 

Thus a minute-constant of 0.40 or over was not 
found in association with posthemorrhagic ane- 
mia. This figure too is much above that of the 
readings obtained from normal persons. A mi- 
nute-constant above 0.40 was, however, regularly 
noted in cases of untreated pernicious anemia, 
such as will be described in greater detail in the 
subsequent pages. It was a matter of interest 
therefore, to ascertain if similar conditions in rela- 
tion to the permeability are present in other con- 
ditions. The provisional observations from such 
an investigation are recorded in Table IV, from 
which it is seen that in the large majority of the 
patients examined the M-C was below 0.40 and in 
most instances within the range of the readings 
obtained from normal persons. (A point of spe- 
cial interest was the finding of normal values in 
2 cases of leukemia. Cases 42 and 43.) 

An increased permeability to glucose, i.e., M-C 
over 0.40 was found in 2 patients. The one case. 
Number 28, was that of an osteitis deformans 
(particularly of the pelvic bones) complicated by 
a mild degree of anemia with hemoglobin 89 per 
cent, red blood cells 4 million. Here the M-C 
persisted practically unaltered, while the anemia 
was cured with iron (hemoglobin 99 per cent, red 
blood cells 5.07 million). The other case. Num- 
ber 50, concerned a young man with diabetes in 
whom the control of the blood sugar presented 
certain difficulties. In this patient it was not pos- 
sible to define the presence of any other abnor- 
mality, particularly no anemia. However, in two 
other cases of diabetes. Numbers 21 and 35, we 
obtained normal readings of the M-C for glucose. 


The maximal variation between two tests from 
the same individual performed at different times 
(Table II) amounted to 25 per cent of the lowest 
values read. Among the 12 normal persons (Ta- 
ble I) the greatest variation was one of 60 per 
cent of the lowest reading, and among the cases 
of posthemorrhagic anemia (Table III) one of 
160 per cent. If the patients with miscellaneous 
diseases be considered, apart from the two cases 
mentioned above in which the M-C was above 
0.40, the maximal difference in this group was 
one of 124 per cent. The wide divergences seen 
in Tables III and IV certainly cannot be explained 
as technical errors, but must be interpreted either 
as individual variations or as alterations of perme- 
ability occasioned by disease. With regard to the 
smaller variations to be noted in Table I the ques- 
tion as to whether we have to take individual dif- 
ferences into account must for the present remain 
undecided. 

In contrast with the conditions obtaining in sim- 
ple posthemorrhagic anemia we found, as stated, 
a strikingl}^ increased permeability of the red cells 
from untreated cases of pernicious anemia. From 
Table V it is evident that in all 4 cases the M-C 
was increased, ranging from 0.42 to 1.14 and 
with an average of 0.82, while the patients with 
posthemorrhagic anemia, as well as the normal 
persons, presented a M-C averaging 0.27 with a 


TABLE IV 
Miscellaneous 


Case 

num- 

ber 


Diagnosis 


Glucose 

il-C 


7 Hypertonia; meningeal hemorrhage 

17 Hepatitis acute 

18 Hyperthyroidism 

21 Diabetes mellitus 

28 Osteitis deformans 

31 Pneumonia 

32 Undulant fever 

33 Chorea 

34 Arthritis; anemia 

35 Diabetes mellitus 

36 Gastritis 

42 Acute myeloid leukemia; anemia 

43 Acute myeloid leukemia; anemia 

48 Hypothyroidism; anemia; epilepsy 

SOa Diabetes mellitus prior to insulin 

SOb Diabetes mellitus after insulin, on same day 

50c Diabetes mellitus after insulin, 9 days later 
51 Cirrhosis of liver; anemia 

60 Sequelae to thrombopenia _ 

62 Chronic nephritis; puerperium; anemia 

65 Morbus cordis; hypertonia; anemia 

97 Acute hepatitis 


0.19 

0.28 

0.33 

0,20 

0.42 

0.21 

0.20 

0.22 

0.18 

0.26 

0.30 

0.23 

0.30 

0.26 

0.5J 

0.51 

0.44 

0.21 

0.38 

0.32 

0.19 

0.17 
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maximal reading of 0.39. The rise in the perme- 
ability is seen to stand in no simple relationship 
to the degree of the pernicious anemia as ex- 
pressed by the hemoglobin percentage, red cell 
count and color index. Thus the highest M-C 
reading was 1.14 and the lowest 0.42, with about 
the same degree of anemia in each case, viz., re- 
spective hemoglobin percentages of 37 and 35 and 
red cell count of 1.45 and 1.33 million. 


TABLE V 

Pernicious anemia untreated 


Case 

number 

Hemo- 

globin 

Red blood 
cells 

Color 

index 

Glucose 

hUC 

2 

per cent 

72 

million 

2.65 

1.35 

0.92 

15 

37 

1.45 

1.28 

1.14 

88 

23 

0.74 

1.55 

0.81 

100 

35 

1.33 

1.32 

0.42 

Total 4 


i 

Average 0.82 
Maximum 1.14 
Minimum 0.42 


In the other 6 cases of pernicious anemia ® the 
permeability tests were performed after the com- 
mencement of specific treatment (Table VI). 

TABLE VI 


Pernicious anemia during treatment 


Case 

number 

Hemo- 

globin 

Red blood 
cells 

Color 

index 

Glucose 

M-C 


Per cent 

million 



8 

76 

3.1 

1.23 

0.81 

9 

82 

4.0 

1.02 

0.21 

23 

70 

2.9 

1.21 

0.46 

44 

81 



0.20 

46 

81 

4.1 

0.99 

0.48 

49 

46 

1.5 

1.S3 

0.72 

Total 6 



Average 

0.48 



Maximum 0.81 




Minimum 0.20 


Two of these gave the normal readings (M-C 0.20 
and 0.21) and in the remaining 4 cases an in- 
creased reading (M-C 0.46 to 0.81). In these 
6 patients, just as in the untreated cases, no defi- 
nite parallelism was found between the degree of 
anemia and the value of the permeability read. 

“ We offer our thanks to Dr. K. H. Krabbe, Physician- 
in-charge of the Department for Nervous Diseases, Kom- 
munehospital, for the opportunity to examine Cases 44, 
46 and 49. 


The observation that two of these patients ex- 
hibited normal permeability suggests that the spe- 
cific treatment was responsible for the effect. 
More detailed information on this point is fur- 
nished by the accompanying curves which show 
the course of the anemia and of the permeability 
during treatment. 



Fig. 1. Case 15 (Table V). Not Previously Treated. 

Treatment. Hepsol 4 cc. daily intramuscularly (h) ; 
tonicum *' DAK ” 10 cc. t.d. (hatched) ; exhepa 1 dose 
t.d. (exh.), reduced iron O.S gram t.d. (solid black). 

The upper curve in each Figure indicates the M-C 
drawn • •, the lower curve the hemoglobin per- 
centage shown by X X, the red-cell count in mil- 
lions O O, and the reticulocyte percentage 

the commencement of the specific treatment is indicated 
by an arrow. The abscissae show the number of days 
after admission to hospital. 

Characterizing these curves is the pronounced 
decrease in the permeability readings which as- 
sumed entirely normal values during the treat- 
ment in every case. 

This decrease, however, is lacking in Figure 5. 
This patient had been undergoing treatment over 
a long period prior to admission. In this instance 
the permeability rate was normal from the be- 
ginning of the examination and continued so. 
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Fig. 2. Case 23 (Table VI). 

Until just before admission to hospital the patient had 
been receiving liver by mouth and by injections. 

Treatment. Hepsol 4 cc. daily (from single to double 
arrow) ; campolon 2 cc, daily, later every second and 
third day (from double arrow) ; pylorin 10 grams t.d. 
(hatched) . 


Further, it is to be noted that the permeability 
returned to normal in all the cases -where there 
was still a definite and in most instances a con- 
siderable degree of anemia present. In these pre- 
liminary experiments it has not been possible to 
carry out observations over any length of time 
during the untreated stage of the disease. The 
fall in the M-C value before treatment, seen in 
Figures 6 and 7, is so small that it is not neces- 
sarily a genuine one. The possibility, however, 
cannot be excluded that rest in bed and the hos- 
pital diet among other factors may have had some 
action upon the permeability. In Figure 6 the 
permeability curve shows a gradual regular fall 
from values bordering on the normal to com- 
pletely normal readings. Figure 7 on the other 
Lnd shows a sharp acceleration in the fall of the 
permeability immediately after the beginning of 
treatment. Since a similar fall occurs m Figures 
1 and 3, it may be maintained with some convic- 
tion that the fall was dependent upon the specific 
treatment. 


In Figure 7, there occurs a depression upon the 
permeability curve corresponding to the rise in 
the number of reticulocytes. It is possible that 
the reticulocytes, amounting in this instance to 
49 per cent of the circulating blood cells, are cells 
with a particularly low permeability to glucose. 
No weight, however, can be placed upon this ob- 
servation unless it be possible to reproduce it. 

Tests were conducted in relation to the perme- 
ability rate for glycerin, thio-urea and malonamid 
in fewer instances than the estimations of the 
permeability rate for glucose. In spite of the 
small amount of material investigated, these tests 
furnished very interesting observations, so that 
we shall therefore give a short account of the re- 
sult obtained. 

With regard to glycerin it was noted that the 
permeability rate was lower in pernicious anemia 
than in normal persons and that the administra- 
tion of liver did not produce any alteration in the 
rate (one case only examined. Case 15, Figure 1, 
in which, however, there was observed a striking 
effect upon the permeability rate for glucose). A 



Fig. 3. Case 49 (Table VI). Not Previously 
Treated. 

Treatment. Pylorin 10 grams once dmly . 

,w) ; hepsol 4 ca increasing to 10 
:taxin 2 cc. on alternate days (solid black). 
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certain degree of conformity was shown in a se- 
ries of cases between the permeability rates for 
ihio-urea and for glucose. Concerning thio-urea 
there were noted quite large individual variations 
which in their broad features resembled those ob- 



Fig. 4. Case 8 (Table VI). Treated with Liver for 

ABOUT 12 Months up to the Time of Admission. 

Treatment. Exhepa 1 dose Li.d. (exh.) ; hepsol 4 ca 
daily (h) ; campolon 2 cc. daily (c) ; pylorin 10 grams 
b.i.d. (p) ; reduced iron 0.5 gram t.d. (solid black) ; 
hydrochloric acid 20 drops Ld. (HCl). 

served for glucose. Two cases of pernicious ane- 
mia showed at first a permeability rate for thio- 
urea which was twice as high as the normal figure, 
a difference which disappeared during the course 
of treatment. 

Concerning malonamid a series of patients ex- 
hibited a constant permeability rate showing a 
deviation of less than 10 per cent from the average 
reading. Two cases of pernicious anemia with an 
increased permeability to glucose were studied, 
and an increased permeability rate for malonamid 
was found. In the one patient (Case 23, Table 
VI, Figure 2) the increase was one of 15 per cent 
above the previously mentioned average value, and 
in the second case (Number 15, Table V, Figure 
1) an increase of 42 per cent. This latter case 


exhibited a normal permeability^ rate at the end of 
20 days’ treatment. 

In our series of cases of pernicious anemia, the 
diagnosis rested upon the general examination and 
the blood picture, supplemented by repeated test 
meals, as well as by the reaction to specific treat- 
ment (in Case 8, Figure 4, and Case 9, Figure 5, 
this reaction was confirmed by the response shown 
during previous admissions to hospital) . Marked 
paresthesia was exhibited by Cases 8, 9, 23, 88 and 
1(X), and characteristic myelopathies were noted in 
Cases 23, 44 and 49. In Case 15, Figure 1, x-ray 
examination revealed changes in the stomach 
which might be interpreted as a carcinoma of the 
pylorus. The pernicious anemia in this case must 
therefore be regarded as having been probably 
complicated — if not occasioned — by a carcinoma 
of the stomach. The patient has since died from 
cachexia with severe ascites (no autopsy) . 



Fig. 5. Case 9 (Table VI). Treated with Ventricu- 
LiN UNTIL Admission. 

Treatment. Hepsol (h) ; Ext. hepatis “ GEA ” (g) ; 
campolon (c) ; pylorin (p) ; iron (solid black). 

In making any attempt to explain the increased 
permeability of the blood cells in pernicious ane- 
mia (to glucose, malonamid and thio-urea) we 
stand upon very uncertain ground. The size of 
the blood cells does not explain the increased 
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SUMMARY 

The extent and nature of the variations in the 
permeability of the red blood cells in different 
individuals has been studied with special reference 
to their permeability to glucose. Some of the 
factors exerting an influence upon the permeabil- 
ity are examined in detail. 

1. By increasing the concentration of glucose in 
the suspension fluid from 0.58 per cent to 1.16 per 
cent the permeability is reduced 2.5 times. 

2. In the performance of the experiments in 
question the was 5.0 to 6.25. 

3. The variations in the normal permeability to 
glucose were found to exceed the limits of an}'’ 
technical error, being probably an expression of 
individual differences. 

4. In posthemorrhagic anemias, comparatively 
large variations were noted without any relation- 
ship to the degree of the anemia, and no increased 
permeability was found. 

5. Entirely similar variations were found in a 
series of miscellaneous diseases. 

6. In one case of osteitis deformans and in one 
among three cases of diabetes a definitely in- 
creased permeability was noted. 

7. Ten cases of pernicious anemia were exam- 
ined. In 4 untreated cases, the permeability was 
markedly increased (to as much as 4 times the 
average normal reading), while the same condi- 
tions were noted in 4 out of 6 cases tested during 
the specific treatment. 

8. In 7 cases of pernicious anemia the perme- 
ability was tested periodically during the course of 
treatment, during which it became normal in each 
case. 

9. The effect of the specific treatment upon the 
permeability became demonstrable early and in 
2 instances was noted to begin after 1 to 3 days’ 
treatment. In all the cases, normal readings were 
obtained at a time when a high degree of anemia 
still persisted. 


10. Individual examinations of the permeability 
to malonamid and to thio-urea yielded results sim- 
ilar to those observed in the case of glucose, while 
the permeability to glycerin was found to be nor- 
mal in pernicious anemia, and to be unaffected by 
specific treatment. 

11. The possible mechanism of the increased 
permeability in pernicious anemia and the effect 
of specific treatment are discussed. 
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The beneficial effects of exercise on certain 
types of diabetes mellitus have long been recog- 
nized. Occasionally a young and active diabetic, 
with a stable glycemia, controlled by diet and in- 
sulin, develops severe and sometimes prolonged 
insulin reactions following participation in strenu- 
ous sports; while other young and equally ac- 
tive diabetics, with an unstable glycemia, find 
participation in active sports a burden, accom- 
panied by glycosuria and general malaise. 

The effect of exercise on glycosuria and gly- 
cemia was determined in twelve cases of diabetes 
mellitus treated with insulin; in four of diabetes 
mellitus treated without insulin; in three of renal 
glycosuria; in Lvo of hypotension; in one pa- 
tient with glycosuria of pregnancy, another with 
obesity, a third with epilepsy, and in three normal 
individuals. 

REVIEW OF LITERATURE 

The first direct observation on the changes in the blood 
sugar resulting from muscular exercise was that of Cha- 
veau and Kaufmann quoted by Strandell (1), who demon- 
strated in 1886 that the blood sugar in the vein leading 
from the masseter muscle of a horse decreased when the 
horse chewed. Strandell in his historical review of the 
subject says that the first studies on man were made by 
Weiland in 1908, when he proved that the venous blood 
sugar concentration was considerably lower after ex- 
hausting exercise in Gartner’s ergostat than before the 
exercise. This was done by measuring the blood sugar 
concentration before the exercise was started and again 
after it was stopped. 

Although Lichtwitz (9) in 1914 determined the effect 
of exercise on diabetic subjects, which will be discussed 
later, most of the work was done on normal subjects. 
Gordon, Kohn, Levine, Matton, Scriver and Whiting (2) 
report a study of the blood sugar concentrations in mara- 
thon runners during 1924 and 1925. They found that the 
runners in bad condition at the finish of the race invari- 
ably had low blood sugars, values which could be classed 
as hypoglycemic. The runners trained on high carbo- 


^ Data taken from a dissertation submitted to the gradu- 
ate faculty in candidacy for the degree of Iklaster of 
Science, Department of Medicine, University of Chicago. 
1936. 


hydrate diets prescribed by the authors and those runners 
who, while running, ate glucose in some form finished in 
better condition than those who did not; and their blood 
sugars were not low enough to be classified as hypo- 
glycemic. Best and Partridge (3) also reported hypo- 
glycemic blood sugar levels in three of ten marathon run- 
ners following exercise. Wollmer (4) noted a decrease 
in the blood sugar in normal and obese persons following 
muscular exertion. He describes, however, immediately 
after the start of the work, a short but sharp rise in the 
blood sugar level which is followed by a decline. This is 
noted particularly when the work is heavy — ^more than 
thirteen kilogrammeters per second — according to his ex- 
periments. He noted no difference in the blood sugar 
curves in normal and obese persons. Other workers have 
described a rise in the blood sugar level following work. 
Edwards, Richards and Dill (S) found on examination of 
a number of football players that hyperglycemia is un- 
common in exercise unless it is accompanied by emotion, 
as on the football field. The blood sugar reaches a peak 
about one-half way through the game — one varsity player 
had a blood sugar of 244 mgm. per 100 cc. after thirty 
minutes of play. Schneider (6), in examining athletes 
at Innsbruch, described an increase in the blood sugar 
following a fifty meter dash as compared to that before 
the race, in all of the participants who were examined. 
This occurred though the pre-race values varied in the 
different contestants between 50 and 153 mgm. per 100 cc. 
These differences in the blood sugar concentrations by the 
various authors have been considered to be due to the 
differences in amount as well as the intensity of the exer- 
cise. Generally, the blood sugar is lowered in long ex- 
haustive exercises, sometimes markedly so ; while the 
opposite effect is often found in exercise of short dura- 
tion (1). 

The effect of training on the blood sugar levels during 
exercise has also been studied. Hofmann (7) demon- 
strated that during exercise the blood sugar remains at a 
more constant level in well trained subjects than in sub- 
jects not in training. Effects from emotion were not evi- 
dent in his experiments as they were in those of Edwards 
and Dill previously mentioned. 

As has been mentioned, Lichtwitz (9) determined the 
effect of muscular exercise on diabetic subjects. He 
found that the blood sugar usually decreased but may 
increase with exercise, such things as severity of the dia- 
betes and training influencing the direction of the blood 
sugar change. He noted particularly that in severe dia- 
betes mellitus the ralues were more frequently higher 
than they were lower after exercise than before exer- 
cise. In one case reported (Number 19) the resting 
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blood sugar value was 275 nigm. per 100 cc., and fol- 
lowing exercise it w-as 377 mgni. per 100 cc. The 
lactic acid in this case had also risen markedly to a 
value of 112.5 nigm. per 100 cc. The possibility of 
lowering the blood sugar by exercise in diabetes mel- 
litus has been known for some time. Joslin has pointed 
out that glycosuria in mild cases of diabetes mellitiis may 
be controlled by regulating exercise taken after meals. 
Lawrence (10) reports lowering of the glucose concentra- 
tion of tiie blood and the appearance of liypoglycemic re- 
actions in two cases of diabetes mcllitus following exer- 
cise. He also points out the supplementary effect of 
exercise in exaggerating the action of insulin. Gcrl and 
Hofmann (11) found that the blood sugar decrease was 
too great to be explained by mere summation of the effect 
of insulin and exercise. Hamburger (12) in a report of 
the literature and in one case of his own showed how 
physical exercise (walking) permitted c.xccllcnt control 
of the glycosuria in a child with diabetes mellitus. 

Theories offered in explanation of the increase in the 
blood sugar following exercise are of interest here. 
Grott, Kowalski et al. (8) conclude that the elevation 
of the venous blood sugar after exercise depends upon 
the outflow of the sugar stored in the liver and muscles 
(which they call the central and peripheral reservoirs) ; 
and upon the rate of carbohydrate consumption by the 
tissues during work. Edwards, Richards and Dill (5) 
think the emotional factor is the chief cause of the blood 
sugar elevation following e.xercise. Bruusgaard (13) 
also mentions this as a possibility but points out that he 
has found hyperglycemia following exercise in which 
there has been no emotional excitement. 

Soskin et al. (14) concluded from their experiments 
that there was no evidence of significant improvement in 
the diabetic tolerance or a decrease in the insulin require- 
ments as a result of physical training over an extended 
period. 

Sometime after this work was started and while it was 
still in progress, Richardson (15) published a study of 
the effect of exercise on the blood sugar in sixty-one 
diabetics. 

He was able to divide his series into two groups 
according to the level of the fasting blood sugar. In the 
first group, mild diabetics with fasting blood sugars be- 
low 175 mgm. per 100 cc., exercise produced a marked 
lowering of the blood sugar. The second group composed 
of severe diabetics with fasting blood sugars over 175 
mgm. per 100 cc. reacted to the same amount of exercise 
by an elevation of the blood sugar above that of the fast- 
ing level. He also found that intravenous insulin when 
given before a period of rest in as small quantities as 0.1 
unit was without marked effect on the blood sugar, but 
when given immediately before a period of exercise caused 
a recognizable drop in blood sugar. He also describes a 
more marked lowering of the blood sugar following exer- 
cise after food has been taken than from the same amount 
of exercise taken without food. 


EXPERIMENTAL PROCEDURE 

The^ experimental procedure consisted of de- 
termining the sugar concentration of capillary 
Wood at frequent intervals--usually every fifteen 
minutes — for a period of three to ten hours fol- 
lowing the ingestion of a mixed meal or a dose 
of glucose while the subject was inactive; and 
again determining the glucose concentration of 
the capillary blood of the same patient at the same 
time intervals following an identical meal, while 
the subject performed a measured amount of 
work. Usually four or more experiments were 
made on each subject and each experiment was 
started in the morning at the subject’s customary 
breakfast hour. 

Determinations of blood sugar were made on 
capillary blood taken from a finger and esti- 
mated by the method of Folin and Svedberg (16). 
This method was modified by collecting the blood 
in one inch funnels on which the stems had been 
fused and removed. Three drops of 0.5 per cent 
potassium oxalate solution were air dried in the 
bottom of the funnels ; this was sufficient to pre- 
vent clotting in as much as 0.3 cc. of blood with- 
out causing hemolysis in lesser amounts. This 
micro blood sugar method is accurate for con- 
centrations ranging from 40 to 350 mgm. per 100 
cc. Checks on venous blood were frequently 
made by macro determinations by the method of 
Shaffer and Hartmann (17). 

The urine was analyzed for sugar qualitatively 
by Benedict’s solution, and when necessary quan- 
titatively by the Shaffer-Hartmann titration 
method, at intervals of thirty to sixty minutes 
throughout the experimental period. Subjects 
with glycosuria brought to the laboratory urine 
specimens collected during the preceding twenty- 
four hours. These were titrated for glucose 
which had previously been identified by fermen- 
tation tests. The urine was tested for acetone 
by the nitroprusside reaction. 

Each case of diabetes mellitus and the case of 
epilepsy received a mixed meal identical with that 
given as part of their regular therapeutic regime 
in place of a glucose test meal. Those cases tak- 
ing insulin received their usual dose, and care 
was taken to keep the time between the injection 
of insulin and the beginning of the meal constant. 
Non-diabetic subjects, with the exception of 
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Cases 21 and 24, and the diabetic case Number 
13, received glucose test meals containing an equal 
amount of carbohydrate. The glucose was given 
diluted to four hundred cc. with water and fla- 
vored with lemon juice. 

During the resting periods, except when blood 
was being taken, the subject had the freedom of 
the laboratory, but usually spent his time in sit- 
ting quietly reading or conversing with the 
workers. 

All exercise was performed on a stationary 
bicycle, the amount of work being measured by 
an ergometer of the Sevringhaus type (18). 
The interval between the ingestion of food and 
the beginning of exercise was kept fairly uni- 
form. .Exercise was never begun after a meal of 
glucose until the blood sugar had begun to rise, 
to make more striking if possible, the ability of 
work to lower the concentration of blood sugar. 
It soon became evident that two subjects of nor- 
mal weight for height, and of the same age, could 
not accomplish equal amounts of work with com- 
fort. Such factors as previous training, mus- 
culature, and nervous reactions were observed 
carefully, and overambitious subjects were ad- 
vised against exhaustion. No standard amount 
of exercise was imposed. Each subject exercised 
at the rate and over a period of time that was 
agreeable to him. After exercise, the subject 
usually rested in bed for fifteen to thirty minutes. 

The question whether or not the blood sugars 
were taken while the work was in progress, or 
whether work was stopped even momentarily 
while the blood was drawn, may arise in the 
reader’s mind. Work was stopped from two to 
four minutes on every subject at the time the 
blood was taken. The time between stopping 
work and drawing the blood was, however, less 
than one minute, the remainder of the time being 
spent by the subject in rest. Some justification 
for this method may be necessary in view of 
Christensen’s report in 1931 (19) that the blood 
sugar changed rapidly back to the pre-work levels 
following a period of work; as do the pulse, 
respiratory rate, and even the basal metabolic rate. 
He said, therefore, that unless the blood was 
taken while work was still in progress the blood 
sugar values were not those of work but were 
“ restitution values.” Although this is literally 


true, in these experiments the blood sugar values 
shown on the graphs as those during work have 
been taken some few seconds after work was 
stopped. This was done for three reasons. 
First, with the amount of work performed by the 
subjects rest was necessary at fifteen minute in- 
tervals. It was decided, therefore, to take the 
blood as soon as possible after the subject had 
stepped from the stationary bicycle and walked 
three paces to a chair. This method simplified 
the drawing of the blood. Second, it was found 
that the difference between blood sugar levels 
during work, and from one to three minutes after 
stopping work, was not greater than the experi- 
mental error of the method. Also, if the blood 
sugar was descending during work the level a few 
minutes after work was stopped — Christensen’s 
“ restitution ” value — ^was lower than the preced- 
ing value obtained during work; but if the blood 
sugar was ascending during work the level ob- 
tained a few minutes after work was stopped 
was higher than that level found while work was 
in progress. Third, if greater differences oc- 
curred than were found, it would not change the 
results of these experiments, since the attempt 
was being made to show only the relative changes 
in the blood sugar levels produced by work, and 
not necessarily the absolute values. 

EXPERIMENTAL RESULTS 

The experimental material is divided into five 
groups to simplify discussion. 

Group I. Diabetes tnellitus treated with insulin 


A. Well controlled (stable glycemia) 3 cases 

B. Difficultly controlled (unstable glycemia) . 4 cases 

C. Uncontrolled (unstable glycemia) ....... 5 cases 

Group II. Diabetes mellitus treated without in- 
sulin 4 cases 

Group III. Renal glycosuria 3 cases 

Group IV. Miscellaneous 

A. Hypotension 2 cases 

B. Glycosuria of pregnancy 1 case 

C. Obesity 1 case 

D. Epilepsy treated with a ketogenic diet .... 1 case 

Group V. Normal subjects 3 cases 

Total 27 cases 


Table I gives a brief summary of the subjects’ 
histories and the experimental procedures; more 
detailed information concerning diet, insulin, and 
total work performed will be found on the indi- 
vidual graphs. 
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TABLE I 


Suviiiiary 


Case: 

nuni-! 

ber 

Sc-xi 

1 

Arc 

IIciEllt' 

Weight 

j 

I 


Aver- 

age 

work 

Dura- 
tion of 
work 



years 

1 

cm. 

' \ 

kgm. 



kilo- 

Rram- 

mrlfrs 

ter 

second 

ufes 


GROUP r. DiAnnrns mellitus treathi) with insuhn* 
A, Well controlled (stable Rlycemia) 


1 

M 

29 

173.5 

56.8 

Fair 

None known , 

2.20 

75 

2 

F 

40 

164.0 


Fair 

None known 

2.40 

45 

3 

F 

23 

156,5 


Fair 

Motlier liad 1 


45 







goiter 

1 1 

2.20 j 



B. Difficulty controlled (unstable Rlycemia) 


4 

M 

19 

175.0 

62.3 

Good 

None known 

3.70 

105 

5 

M 

24 

179.0 

63.0 

Good 

Mother had 
goiter 

Glycosuria in 
one ncplicw 

2.20 

135 

6 

M 

39 

172.0 

63.8 

Good 

1.60 

135 

7 1 

M 

24 

166,0 

49.9 

Fair 

Glycosuria in 
one cousin 

3,00 

60 


C. Uncontrolled (unstable glyccmia) 


8 1 

F 1 

30 

160,0 1 

47.0 ! 

Poor 

None known 

1.10 

75 

9 

M 

13 

126,0 

28.0 

Fair 

None known 

2.25 

38 

10 

F 

17 

163.0 

51,0 

Fair 

None known 

1.85 

S3 

11 

M 

2S 

171.0 

67.5 

Fair 

Father has 
glycosuria 

1.37 

S3 

12 

F 

34 

169.0 

61.3 

1 Good 

Unknown 

1.53 

25 


GROUP II. DIABETES MELLITUS TREATED WITHOUT INSULIN 


1 

13 ! 

14 ] 

15 

16 

M 
M 1 
M 1 
M 

29 
45 1 
47 1 

30 

178.0 

180.0 
163.0 1 
167.5 

69.4 

72.4 
lOI.O 

64.6 

Good 

Good 

Fair 

Fair 

1 

i 

None known 
None known 
None known 
Mother and two 
siblings have 
glycosuria j 

5.00 

3.34 

3.65 

2.14 

60 

45 

45 

60 




GROUP lU. 

RENAL 

GLYCOSURIA 



17 

M 

47 

1 

168.0 

1 

77 A 

] 

Fair 

Paternal grand- 
motlier had 
glycosuria 

3.02 

60 

IS 

M 

34 

166.5 

63.1 

Fair 

Unknown 

3.00 

i 65 

19 

F 

34 

1 

165.0 

1 56.1 

[ 

: Fair 

1 

Glycosuria in 
mother and 
two siblings 

0.80 

60 


GROUP IV. MISCELLANEOUS 
A. Hypotension 


20 i 

21 

F 

F 

22 

47 

157.5 

170.5 

47.2 

75.1 

Poor 

Poor 

None known 
None known 

2.90 

0.0 

50 

B. Glycosuria of pregnancy 

22 1 

F 

38 1 

1 

165.0 

i 

75.1 1 

Fair j 

1 

Glycosuria in ' 
mother 

2.38 

30 

C. Obesity 

23 

F 

1 27 

i 

156.0 

89.7 

Fair 

One sibling had 
goiter 

1.58 

45 


TABLE l~Conlinucd 


Case 
num- 
ber i 

Sex' 

j 

Age 

Hcightj 

Weightj 

Phys- 
ical 
devc!-| 
op- 
ment 1 

Family 
metabolic 1 
history 

Aver- 

age 

work 

Dura- 
tion of 
work 



years 

cm. 

i 

ksm. 

1 


kilo- 

gram- 

meters 

ter 

second 

min^ 

uks 


D. Epilepsy treated with a kctogcnic diet 


24 

M 

19 

162.0 

j 

i 

46.3 

Good 

1 

Paternal grand- 
mother had 
epilepsy 

3.90 

i 

90 




CROUP V. 

NOR.^rAL SUBJECTS 



25 

M 

26 

1 1 

174.0 

1 79.0 

Good 

None known 

[ 2.87 

! 75 

26 

M 

24 

! 183.0 

1 79.6 

! Good 

1 None known 

3.84 

45 

27 

M 

29 

176.0 

76.3 

Good 

None known 

4.30 

60 


One illustrating figure will be used in each group to 
demonstrate the changes in the blood sugar level produced 
by exercise. 


Group I. Diabetes luellitus treated with hisiilm 

A. Well controlled cases {stable glycemia). 
Tlie characteristics of this group are well shown 
by Case 1, Figure 1. They are for this group; 



Fig. 1. Case 1. 

Rest. Period of work. Work in kilo- 

grammeters. Curve (6) 8,516. Curve (c) ' 

I 1 Mixed meal. Carbohydrate 48 grams, protein 

grams, fat 64 grams, calories 848, glucose equivalent 
grams, f Insulin IS units. 

a rather low fasting blood sugar level which var 
ies little from day to day, 86 to 150 mgm. 

100 cc. ; a maximum postprandial blood 
which is not a great deal higher than that o t e 
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group of normal or non-diabetic individuals stud- 
ied, 156 to 197 mgm. per 100 cc. ; and the com- 
parative ease with which exercise lowers the post- 
prandial blood sugar. This reduction ranged 
from 12 to 90 mgm. per 100 cc. Glycosuria is 
not found in this group. 

B. Difficultly controlled cases (tmstable gly- 
ceniia). These cases differ from those just de- 
scribed in the following respects; the greater 
daily variation of the fasting blood sugar level 
which varies from 96 to 232 mgm. per 100 cc. ; 
the higher postprandial blood sugar levels of from 
158 to 256 mgm. per 100 cc. ; and usually the ap- 
pearance of glycosuria sometime during the rest- 
ing periods. Case 4, Figure 2, is a good ex- 
ample of this group. 



Rest. Period of work. Work in kilo- 

grammeters. Curve (c) 21,795. Curve (d) 26,986. 

Curve (e) 24,676. Curve (g) 19,034. | [ Mixed 

meal. Carbohydrate 61 grams, protein 25 grams, fat 
50 grams, calories 794, glucose equivalent 82 grams, 
t Insulin 28 units. 

It is noted in this group, comprised of Cases 
4, 5, 6, and 7, that exercise is very effective in 
lowering the postprandial blood sugar, and from 


the illustrative figure and the effects upon the in- 
dividual subjects, such as the hypoglycemic symp- 
toms experienced by all of the subjects in this 
group, the effects of exercise are more marked 
than in the group of well controlled subjects. 
The most striking difference between this and the 
preceding group of cases is the difference between 
the levels of the blood glucose at the end of the 
fourth hour during rest and work respectively. 
This difference varied from 56 to 170 mgm. per 
100 cc., while in the preceding group the blood 
sugar levels at the end of four hours were all 
within 20 mgm. per 100 cc., regardless of whether 
the subject had exercised or rested. Although 
there was this marked difference between the final 
blood sugar values after rest and exercise, the 
final values of all the studies following rest and 
* those following exercise varied as a rule less than 
30 mgm. per 100 cc. 

The work in this group of cases was not exces- 
sive when compared by tbe subjects to the swim- 
ming, tennis, golf, or camp life in which they 
indulge. 

C. Uncontrolled cases {unstable glycemia). 
Four of these cases belong to a group which 
might be called the acute progressive juvenile type 
of diabetes mellitus. Though usually found in 
the younger age groups this type is not necessarily 
limited to it. The added factor of inability to 
follow dietary and insulin therapy prescribed, be- 
cause of financial reasons or lack of will, compli- 
cates management in at least two of these cases — 
Cases 8 and 10. Adequate control in the remain- 
ing two cases, Numbers 9 and 11, was not satis- 
factorily achieved during this period of study. 
Case 12 is not offered as an example of the pro- 
gressive type of juvenile diabetes. The onset of 
the disease was acute, but not progressive. Emo- 
tional factors complicate management to the ex- 
tent of making the case uncontrolled. 

Case 8, Figure 3, is taken as a typical ex- 
ample of the response to exercise by members of 
this group. The characteristics of the group, as 
shown by the blood sugar curves, are a high fast- 
ing level of 182 to 376 mgm. per 100 cc., with an 
abrupt fall in the blood sugar to 56 to 238 mgm. 
per 100 cc. in the fourth hour; a drop which, in 
four of the five cases, meant a cliange of blood 
sugar level from 200 to 260 mgm. per 100 cc. in 
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Fig. 3. Case 8. 

Rest. Period of work. Work in kilo- 

grammeters. Curve (c) 3,937. Curve (d) 6,688. | 1 

Mixed meal. Carbohydrate 28 grams, protein 14 grams, 
fat SO grams, calories 618, glucose equivalent 41 grams, 
t Insulin 25 units. 

four to five hours every morning. This rapid 
fall in blood sugar occurred whether or not exer- 
cise was taken. The effectiveness of the insulin 
is demonstrated by the character of the curve. 
The effect of muscular exercise is difficult to de- 
termine as will be discussed later. 

Group 11. Diabetes mellitus treated without 
' insulin 

Four cases are included in this group; Cases 
13, 14, 15, and 16; of which Case 13, Figure 4, 
will be used as the illustration. These cases pre- 
sent a number of interesting points. First there 
is a small fluctuation in the daily fasting blood 
sugar level, which, with the exception of one case, 
ranged between 91 and 122 mgm. per 100 cc. 
Second, there is a rather close similarity of com- 
parable curves at any one time throughout the 
experimental period. Third, the effectiveness of 


the muscular exercise on lowering the post- 
prandial blood sugar is very similar to that found 
in the normal subjects. The above three char- 
acteristics are all much like those found in normal 
subjects under similar conditions. A fourth 
characteristic, demonstrated in this study only by 
Case 13, is the higher postprandial rise following 
the second meal of the day; a finding noted in 
diabetes mellitus and frequently utilized to diag- 
nose mild cases which give a fairly normal glu- 
cose tolerance test. 

The mixed meals fed these subjects, with the 
exception of Case 13, contained one gram of car- 
bohydrate per kilogram of standard body weight. 
This represents approximately double the usual 
intake for each subject at the breakfast meal. 
The plan was adapted to deliberately provoke a 
hyperglycemia in the resting blood sugar curves 
as a control for the demonstration. 

Group III. Renal glycosuria 

Three complicated cases of renal glycosuria are 
included in this group. The complications are, 
hypertension, peptic ulcers, and pregnancy, for 
Cases 17, 18, and 19, respectively. Case 17, 
Figure 5, is used as the illustrative case. The 
only effect of the hypertension on this study was 
to limit to some degree the amount and speed of 
exercise that it seemed advisable to permit. 
These cases react to exercise for the most part 
as do normal individuals. The fasting blood 
sugar level is within the normal limits and fluctu- 
ates only little, apparently even less than the daily 
fluctuation found in the normal subjects by Holt 
and Greischeimer (20). Also the blood sugar 
curve is back at the fasting level in less than two 
hours, it goes through a hypoglycemic phase, and, 
in Cases 17 and 18, glycosuria appears only in 
the postprandial periods at levels of 140 to 160 
mgm. per 100 cc., which is below the normal renal 
threshold. This type of response permits a diag- 
nosis of a cyclic renal glycosuria according to the 
classification of Holst (21). Case 19 demon- 
strated the effect of insulin on renal glycosuria 
of a constant nature. The effect of exercise on 
this case is also very similar to that of the normal 
individual. The blood sugar was lowered very 
little since only a small amount of work was done. 

These three cases are of particular interest 
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Fig. 4. Case 13. 

- Rest. Period of work. Work in kilogrammeters. 

First period Second period 

Curve (6) 17.599 18,530 

Curve id) 23,078 18,777 

Mixed meal. Carbohydrate SO grams, protein 17 grams, fat 39 grams, calories 619, glucose equivalent 


64 grams. 

from the standpoint of a differential diagnosis 
behveen renal glycosuria and diabetes mellitus 
and are published elsewhere in more detail (24). 



«> 0 0 

b) 0 o 

c) 0 0 

A) 0 


Group IV. Miscellaneous cases 
A. Hypotension. The two cases in this group, 
Cases 20 and 21, were referred to the Nutrition 
Laboratory for blood sugar analysis because of 
symptoms suggestive of hypoglycemia; that is, 
weakness, inability to work, dizziness, and faint- 
ing, all relieved by the ingestion of food. 
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Fig- 5. Case 17. 


Frc. 6. Case 20. 

Rest. Period of work. 

Work in kilo- 

Rest Period of work. Work in kilo- 

grammeters. Cun-e (d) 10,850. | — 

-! Glucose test 

grammeters. Curve (6) 8,683. | 1 Glucose test meal 

meal 70 grams. 


SO grams. 
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With the subject (Case 20) in a resting state 
following the ingestion of a glucose test meal the 
blood sugar course followed a normal curve for 
one hour, Figure 6, At this point an abrupt 
drop occurred at a rate and to a level which fre- 
quently causes diabetic subjects to complain of 
insulin reactions. She complained of her usual 
spDptoms of wealmess, dizziness, and faintness 
with hunger at the time the blood sugar level was 
within the Itypoglycemic range, 50 to 70 mgm. 
per 100 cc. When the glucose test meal was fol- 
lowed by exercise (Curve h) the absorption of 
the glucose appeared to be delayed as demon- 
strated by the second peak of the curve. During 
this experiment, the glucose content of the blood 
did not reach a hypoglycemic level, and there was 
no complaint of the S 3 nnptoms of weakness, dizzi- 
ness, etc. Insufficient exercise to be measured 
either by the ergometer or fall in the blood sugar 
level was done in Case 21 for purposes of com- 
parison. 

Simultaneous occurrence of hypoglycemic blood 
sugar levels and the complaints of weakness, dizzi- 
ness and faintness relieved by food, suggest a 
diagnosis of hypoglycemia of unknown etiology 
in these two cases. 

B. Glycosuria of pregnancy. This case, Num- 
ber 22, was seen in the seventh month of her 
seventh pregnancy at which time a glucose toler- 
ance test by macro blood sugar methods showed 
a typically diabetic type of curve. Nine and one- 
half months after glycosuria was discovered the 
course of the blood glucose following food inges- 
tion was followed during resting and working 
conditions. Both curves. Figure 7, show a nor- 
mal fasting blood sugar, and although the post- 
prandial peak is higher than those found in nor- 
mal subjects, 192 mgm. per 100 cc., this tolerance 
test was made while the subject was still restrict- 
ing her diet. The rapidity with which the blood 
sugar : returns to the fasting level is not charac- 
teristic of diabetes mellitus. The urine remained 
sugar-free. The effect of work is marked and is 
similar to its effects on the curves of normal 
subjects. 

C. Obesity. Case 23, Figure 8, has been ap- 
proximately fifty per cent overweight for the past 
seven years. She was selected for these experi- 
ments because of characteristics of “ endogenous ” 



Rest. Period of Work. Work in kilo- 

grammeters. Curve (&) 4,274. | ( Glucose test meal 

60 grams. 

obesity.- Reduction has been persistently at- 
tempted but with little permanent success. At 
the time these tests were made the subject had 
been on a liberal unrestricted diet for several 
months. 

The blood sugar findings following the inges- 
tion of glucose are problematic, and will be taken 
up in the discussion. 



Fig. 8. Case 23 . 

Rest. Period of work. Work in kilo- 

grammeters. Curve (c) 4,264. j ( Glucose test meal 

57 grams. 

2 “ Endogenous ” obesity is used to denote those few pa- 
tients resistant to weight loss by the usual methods. No 
other deductions as to the nature of the disturbance are 
inferred. 
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D. Epilepsy on a kctogenic diet. Case 24 is 
interesting not only from the standpoint of the 
effect of exercise on the blood sugar values, but 
also because of the excellent physical condition 
of this subject who has been on a ketogenic diet 
for nine years. These experiments on the blood 
sugars were carried out to determine the blood 
sugar characteristics under conditions of work 
and rest, of a patient with an extremely low 
carbohydrate intake (Figure 9). The three ex- 
periments, one rest curve and two curves with 
exercise, which resemble fasting blood sugar 
curves, were determined following the ingestion 
of the patient’s usual breakfast containing seven 
grams of preformed carbohydrate and 15 grams 
of available glucose. 



Fig. 9. Case 24. 

Rest Period of work. Work in kilo- 

grammeters. Curve (6) 19,456. Curve (c) 25,254. 

I 1 Mixed meal. Curves a, b, c. Carbohydrate 7 grams, 

protein 10 grams, fat 37 grams, calories 431, glucose 

equivalent 15 grams. | [ Glucose test meal 64 grams. 

Curve d. 

Group V. Normal subjects 

This group is composed of three adult males, 
one a physician and the other hvo students. Cases 
25 and 26, the two students, ate mixed meals for 
all of the blood sugar determinations made, while 
the blood sugar studies on Case 27 were made fol- 
lowing the ingestion of glucose. The subjects. 


Cases 25 and 26, had been on known diets of 
carbohydrate 250 grams, protein 75 grams, and 
fat 100 grams for three days previous to the 
experiments. 



Fig. 10. Case 25. 

Rest. Period of work. Work in kilo-- 

grammeters. Curve (6) 12,360. Curve {d) 13,423. 

I 1 Mixed meal. Carbohydrate 98 grams, protein 22 

grams, fat 33 grams, calories 777, glucose equivalent 112 
grams. 

The characteristics of the normal blood sugar 
curve need not be outlined here but the reader 
is referred to Case 25, Figure 10. 

DISCUSSION 

Muscular exercise affects the postprandial blood 
sugar in the case of well controlled diabetes mel- 
litus, with or without the use of insulin, in a man- 
ner similar to its effect on the non-diabetic indi- 
vidual. It is well known that mild types of dia- 
betes mellitus are benefited by exercise. The 
cases of mild or well controlled diabetes pre- 
sented in this paper differ from the normal sub- 
jects mainly in the greater elevation of the blood 
sugar after meals. Carbohydrate metabolism is 
regulated well enough to control the fasting blood 
sugar level. 

Some difference in the general characteristics 
of the blood sugar curves is seen in the various 
cases grouped for discussion under mild diabetes 
mellitus treated without insulin (Cases 13, 14, 15, 
and 16), and well controlled cases under insulin 
management (Cases 1, 2, and 3). The three 
controlled cases on insulin therapy on the whole 
show less variation in the blood sugar levels than 
the four cases not taking insulin. The fasting 
^•alues are, with the exception of Case 15, not ab- 
normally high; and two of the four cases, Xum- 
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bers 13 and 14 treated without insulin do not 
have high postprandial blood sugars. Two cases, 
Numbers 15 and 16, who showed glycosuria, were 
given diets at the time of the experiments to pro- 
duce glycosuria, as has been mentioned, and do 
not on their usual regime have glycosuria. With 
the appi'oximately normal blood sugars found in 
this group of well controlled diabetics it is not 
surprising that they should react to exercise as 
do normal subjects. 

The effect of muscular exercise in the irreg- 
ularly controlled diabetic individual appears to 
be more marked than in the well controlled case 
when judged by the difference between the level 
of the postprandial blood sugar during rest and 
immediately following exercise. The irregularly 
controlled cases of diabetes (Cases 4, 5, 6, and 
7), dependent upon insulin, have a correspond- 
ingly greater variation in blood sugar levels. In 
all of the cases placed in this group the spontane- 
ous adjustment of the ‘blood sugar level during 
or after exercise, which seems to take place in 
the milder cases, is lacking. This is shown by 
the wide variation in the blood sugar levels at the 
end of the period of exercise when compared to 
the rest curve for the same time interval. As 
Lawrence (10) suggests the exercise seems to aug- 
ment the effect of the insulin to a greater degree 
than would be expected merely from a summation 
of effects of insulin and exercise. Although the 
amount of work performed by the mild diabetics 
and the irregularly controlled severe diabetics 
may be comparable, the blood sugar levels vary 
widely. The body mechanism for regulation of 
the blood sugar seems in the case of the mild 
diabetics to be able to adjust itself to the effect 
of the exercise much better than it does in the 
non-diabetic individual. From an examination 
of the blood sugar curves, this regulating mecha- 
nism does not seem to exert its effect in the more 
severe cases of diabetes. This difference makes 
these cases more difficult to control without glyco- 
suria or insulin shock, and especially so with a 
generous carbohydrate intake. The finding of a 
constant and marked effect from muscular work 
suggests that regular exercise performed at pre- 
scribed intervals might simplify the problem of 
insulin adjustment. 

The third group, the uncontrolled cases of dia- 


betes (Cases 8, 9, 10, 11, and 12), are probably 
uncontrolled because of improper spacing of the 
insulin dosage throughout the twenty-four hours. 
Because of the great changes in the blood sugar 
levels over rather short periods, these cases feel 
miserable much of the time, and even though 
hypoglj'-cemia is absent, may complain of symp- 
toms from the sudden shifts in blood sugar levels 
rather than the absolute values. In several of 
the subjects in this study, Cases 8, 10, and 11, 
particularly, we have been unable to differentiate 
between the symptoms resulting from true hypo- 
glycemia and those resulting from a relative hypo- 
glycemia following sudden changes in the blood 
sugar. Reactions which have taken place at 
blood sugar levels of 120 mgm. per 100 cc. are 
relieved promptly by administration of glucose 
in some fonn, as are those reactions which occur 
at blood sugar levels below 50 mgm. per 100 cc. 

The effect of muscular exercise is difficult to 
determine because the drop in the blood sugar 
level from the insulin alone is such that the intake 
of food produces no postprandial rise in the 
blood sugar curve, and the amount of work that 
these patients were able to accomplish was small 
compared to the performances of the subjects in 
the other groups. Had these individuals been 
able to perform more work, the appearance of the 
resting blood sugar curves makes it improbable 
that the levels could be changed more rapidly 
by the aid of exercise than it was by insulin alone. 

The fall in the blood sugar at rest is particularly 
noticeable because of the high fasting level, and is 
probably due to the intake of a large quantity of 
insulin within a short period of time. In well or 
even irregularly controlled cases the administra- 
tion of equally lai-ge doses of insulin is not ac- 
companied by this rapid fall in the blood sugar. 
The explanation of this may also lie in the fact 
that these latter cases have better control of this 
blood sugar regulating mechanism by reason of 
their having some more available endogenous 
insulin than the uncontrolled cases. They may 
be able, because of this endogenous insulin, to 
control to some degree the fluctuations of the 
blood sugar and thus to hold them more nearly 
within normal limits, but when exercise is added 
to the ordinary strain upon this mechanism, large 
fluctuations in the blood sugar result. In these 
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cases which are irregularly controlled there may 
be sufficient endogenous insulin together with the 
exogenous insulin to control blood sugar fluctua- 
tions unless some additional factor, such as stren- 
uous exercise, is present to nullify the effects of 
the body regulation of carbohydrate metabolism. 
The recent work of Soskin et al. suggests, among 
other things, that liver dysfunction in the storage 
of glycogen may account for the marked fall in 
the blood sugar at rest since he has shown that 
a changing amount of insulin in the blood stream 
is not necessary for a normal glucose tolerance, 
but that a normal liver 'is necessary (22). 

The effect of muscular exercise on the blood 
sugar of the cases of renal glycosuria, hypoten- 
sion, glycosuria of pregnancy,- and obesity is sim- 
ilar to that found in the normal individuals per- 
forming similar amounts of work. This is to 
be expected since there is no known metabolic 
disturbance in these conditions which should af- 
fect the blood sugar levels during rest and work. 

The response to exercise in the case of obesity 
(Case 23, Figure 8) is similar to that of normal 
individuals; the other blood sugar changes are 
not typical in every respect of a non-diabetic. 
Curve a remains high for a longer time than is 
usual, while Curve b has an elevation higher than 
normal with resulting glycosuria. On the other 
hand, the return to the fasting level is rather 
prompt, and the curve with exercise shows some 
lowering of the blood sugar during work. Hard 
physical work, however, was extremely difficult 
for this subject and as a result the work accom- 
plished was slight compared to that done by the 
other subjects in this study. One might expect, 
considering Wollmer’s (4) findings that the blood 
sugar of obese subjects would react to exercise 
as does that of normal subjects. 

The epileptic subject. Case 24, Figure 9, is 
introduced as an illustration of the effect of exer- 
cise on the blood sugar concentration of a non- 
diabetic subject on a low carbohydrate (keto- 
genic) food mixture. Practically no fluctuation 
was noted in the resting curve, in fact it appears 
to be the curve of a fasting person. It is not sur- 
prising that the small amount of glucose — ^fif- 
teen grams — does not produce a noticeable rise, 
and that the effect of exercise on the blood sugar 
curve is negligible. Bergmark (23) has showm 


that as little as six and a quarter grams of glucose 
produces a definite elevation of the blood sugar 
curve during rest; and work in this laboratory 
confinns these observations. Our findings are 
not contrary to the results of his experiments as 
the glucose in our diet was derived from a mixed 
meal of high fat content which may lower the 
rate of absorption of carbohydrate. The work 
performed by this subject when compared to the 
work performed by the other subjects in these 
experiments seems more than ample to produce a 
leveling of any blood sugar peak which might 
occur following the ingestion of a mixed meal. 
In this case as in that of other normal subjects it 
has been found difficult to lower the blood sugar 
by work to a point greatly below the fasting level. 
Only the most strenuous exercise, marathon run- 
ning and the like, is able to lower the blood sugar 
in the normal individual much below the fasting 
level and to deplete the glycogen stores to a point 
that results in hypoglycemia (2). Though this 
case. Number 24, has been on a diet containing 
less than seventeen grams of carbohydrate for 
the past nine years, it is evident that his glycogen 
stores must be sufficiently great to prevent lower- 
ing of the blood sugar from work. 

The results obtained in the three normal or 
healthy subjects examined were consistent in 
every case. It was possible to abolish the post- 
prandial rise in the blood sugar by partaking of 
sufficient exercise following the meal. The blood 
sugar course of Case 25, Figure 10, at rest follow- 
ing a mixed meal, shows more variation, perhaps, 
than one would expect to find; but this is ex- 
plained by noting that the subject had been in- 
disposed and had eaten very little the day before 
Curve a was made. The maximum elevation of 
the other three curves compares favorably with 
those of Cases 26 who ate mixed meals. As in 
the other groups, when the blood sugar rises rap- 
idly, the removal of glucose from the blood is 
more marked following exercise than that found 
in the curves without exercise. 

SUMMARY AND CONCLUSIONS 

1. This paper reports the observations made 
on the effect of muscular exercise on the blood 
sugar of twenty-seven subjects. Twelve had dia- 
betes mellitus treated with insulin ; four diabetes 
mellitus treated without insulin; three renal gly- 
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cosuria, one of whicli was on insulin tlierapy; 
two hypotension ; and one each glycosuria of 
pregnancy, obesity, and epilepsy ; while three 
were normal individuals. 

2. Exercise of sufficient intensity and duration 
will lower the postprandial blood sugar in con- 
trolled diabetes mellitus treated with or without 
insulin, in renal glycosuria, in hypotension, in 
obesity and in normal subjects. 

3. Exercise in the uncontrolled diabetic, in the 
amounts performed in these experiments, does not 
have a noticeable effect in lowering the post- 
prandial blood sugar. 

4. Exercise seems to have the greatest effect in 
lowering the postprandial blood sugar in the ir- 
regularly controlled diabetic, when measured by 
the difference in the resting and exercising blood 
sugar levels at the end of exercise, and by the re- 
sulting clinical symptoms at this time. 

5. Exercise of the intensity performed in these 
experiments is not sufficient to lower the blood 
sugar below normal fasting levels in non-diabetics. 

The authors wish to express their appreciation to Dr. 
Louis Leiter for his many helpful suggestions throughout 
the study. 
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In the investigation of many clinical problems 
the determination of changes in the plasma and 
total blood volume occurring either rapidly or 
over long periods is of considerable interest. 
Since the introduction of the dye method by 
Keith, Rowntree and Geraghty in 1915 (1), 
several authors: Griesbach (2), Seyderhelm and 
Lampe (3), Heilmeyer (4), H. P. Smith, (5, 7), 
Graff and Clarke (6), Uhlenbruck and Leyen- 
decker (8), Brockmann (9) and Sunderman (10) 
have emphasized the unreliability of the original 
method for clinical uses. In 1935 Gregersen, 
Gibson and Stead (11) summarized the errors 
inherent in the earlier methods and developed 
a method (12) employing the blue azo dye 
"T-1824” recommended by Dawson, Evans and 
Whipple (13) determining the dye concentra- 
tion of samples with the spectrophotometer. 
In this paper we will describe a modification (14) 
of this method used by us for investigation of 
clinical problems and discuss the method in light 
of our experience therewith. 

METHODS 

The dye solutions used are so opaque that the 
head of the plunger cannot be seen when the syringe 
is filled. Lines are engraved on the plunger of 
a 10 cc. glass tipped syringe near the head and 
on the barrel near the open end in such a way 
that when these lines are opposed, the head of 
the plunger is opposite the 10 cc. graduation on 
the barrel. Each syringe is calibrated by weight 
of distilled water contained when filled to the tip. 
Accurate delivery of dye in amounts from 3 cc. 
to 10 cc. is thus assured. Blood for serum is 
delivered into 6 cc. pyrex tubes, a light coating of 
thin liquid petrolatum being used to prevent 
adherence of the clot to the tube. 

Hematocrit tubes are calibrated to contain 
4 cc. and graduated into ten volumetrically equal 


divisions numbered 1 to 10 from the bottom of 
the tube; these divisions are further graduated 
by linear measurement into 10 equal subdivi- 
sions. A 1.5 per cent aqueous solution of 
recrystallized potassium oxalate is used as an 
anticoagulant, the tubes being filled to the 
graduation numbered 2. Blood is run directly 
from the syringe into the tubes to the graduation 
numbered 10, and mixed with the oxalate by 
inversion. 

All syringes used for the withdrawal of blood 
must be dry. Needles, syringes, etc., are 
sterilized by autoclaving. 


Preparation of dye solutions and determination of 
standard values 

The same lot of T-1824 has been used through- 
out- our investigation. This dye now called 
“Evans Blue,” after Dr. H. M. Evans, was ob- 
tained from the Eastman Kodak Company. It 
is free from impurities, and is the same used by 
Dawson, Evans and Whipple (13) in 1920, as 
proved by its identical spectrophotometric ab- 
sorption curve. It has the following structural 
formula; 


NHz OH 

SOjNa./YN - N = N - 


SOaNa 


CH3 CH3 


OH NH, 

- N = N - .x^V^SOjNa 


SOjNa 



Dye solutions are made up in freshly distilled 
water and filtered through a Jena sintered glass 
filter type 3-G-3. Neutral glass ampoules are 
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filled with 5 cc. or 10 cc. amounts, sealed and 
autoclaved. Solutions are not buffered. Pre- 
pared in this way no precipitation has been ob- 
served over periods of a year. A fresh ampoule 
is opened for each determination. 

Standards are prepared in concentrations as 
shown in Table I. A fresh ampoule is opened 
for each standardization. A dye free serum 
blank for spectrophotometric reading is pre- 
pared by adding 0.2 cc. of normal saline to 1.8 
cc. of clear serum.* An initial dilution in 0.85 
per cent saline of the dye used for injection to 
one-tenth of the final dilution is made, and 
standards are prepared in triplicate by adding 
0.2 cc. of the initial dilutions to 1.8 cc. of the 
same serum used in making the blank. The ac- 
cepted value is taken as the average of the 
spectrophotometric readings of the three stand- 
ards at wavelength of 6200 /xii using ceils 20 mm. 
in depth. 

Table I shows the standard values obtained 
for 9 lots of dye so prepared. The variations 
encountered in individual standardizations, being 
about plus or minus 1.5 per cent, are within the 
limit of error of the technique for making up 
standards and of spectrophotometric reading. 
The optical properties of the dye are constant 
when prepared in the manner described. This 
procedure eliminates the preparation of' a stand- 
ard for each determination, the standard value 
for each lot of dye being used for the calculation 
of plasma volume in all determinations made' 
with that lot. 

PROCEDURE 

All studies are carried out with patients under basal 
conditions. In many |instances, blood volume determina- 
tions were accompanied by measurements of venous 
pressure by the direct method described by Evans (15) 
and blood velocity rates by the intravenous injection of 
“ Decholin " as described by \Vinternitz, Deutsch and 
Brail (16). 

Single volume determination 

A vein in the antecubital region ^ is punctured, and 7 cc. 
of blood is withdrawn for the dye free sample and a hema- 
tocrit. Stasis must be avoided. The dye is then injected 

1 For the 0.2 cc. amounts Van Slyke capillary pipettes 
delivering between the lines were used, and Ostwald 
pipettes made to deliver between lines for the 1.8 cc. 
amount. Stohl tips gave additional convenience. 

2 If venous pressure is measured before the volume deter- 
mination the needle employed therefore may be used for 
this sample, and for dye injection. 


TABLE I 


Standard values of dye solutions 


Solu- 

tion 

num- 

ber 

Concen- 

tration 

Date of 

standardization 

Dilu- 
tion o 
dye ir 
scrun 

A D 3 
f 6200^^ 
20 mm 
cells 

Change 

from 

initial 

value 

D 

.0.3% 
in HjO 

September 18, 1935 
September 24, 1935 
October 10, 1935 

1/50C 

1.0011 

1.013f 

1.0131 

per cent 

j 

-M.18 

-f-1.13 

G 

0.3% 
m HjO 

December 

January 

3, 1935 
5, 1936 

1/500 

0.9898 

0.9852 

-0.47 

K 

0.3% 
in H:0 

January 

April 

5, 1936 
31, 1936 

1/500 

0.9805 

0.9672 

-1.36 

F 

0,15% 
in 0.85% 
saline 

December 

January 

October 

3, 1935 
5, 1936 
9, 1936 

1/200 

1.2335 
1.2088 

1.2336 

-2.00 

0.01 

J 

0.15% 
in 0.85% 
saline 

January 

March 

October 

5, 1936 
24, 1936 
9, 1936 

1/200 

1.2184 

1,2170 

1.2382 

-0.12 

4-1.67 

L 

0.15% 
in 0.85% 
saline 

March 

April 

October 

24, 1936 
31, 1936 
9, 1936 

1/200 

1.2332 

1.2126 

1.2390 

-1.67 

+0.47 

M 

0.15% 
in 0.85% 
saline 

June 

June 

July 

August 

8, 1936 
28, 1936 
20, 1936 
3, 1936 

1/200 

1.2180 

1.2204 

1.2190 

1.2274 

4-0.19 

4-0.10 

4-0.77 

Q 

0.1% 
in saline 

November 10, 1936 
December 18, 1936 

1/100 

0.822 

0.820 

-0.24 

P 

0.05% 
in saline 

September 30, 1936 , 
STovember 25, 1936 

1/50 

0.821 

0.822 

4-0,12 


through the same needle, in from thirty to forty seconds, 
and the syringe is rinsed with blood two or three times to 
insure delivery of all the dye. This needle is then removed 
from the vein and discarded.’ An amount of dye approx- 
imating 0.002 mgm. per kgm. of body weight is given, A 
stop watch is started at the beginning of the dye injection, 
and subsequent samples are timed to the nearest ten 
seconds. Blood for serum samples and hematocrits are 
then taken at four or five minute intervals starting ten 
minutes after the beginning of dye injection, a fresh syringe 
being used for each sample. These samples can be taken 
through the same needle, clotting being prevented by 
injecting small amounts of saline between withdrawals. 
Dilution of samples with saline is prevented by drawing 
back blood into the saline delivery syringe before each 
sample is taken. Three or four hematocrits are obtained 
at regular intervals. A total of 30 to 50 cc. of blood are 
required for each determination. When sampling is 

’ Blood samples should never be taken through the 
needle used for the dye injection, as in our experience it is 
impossible to completely rinse all the dye from the hub or 
lumen of the needle even with repeated washing with 
blood or saline. All samples so withdrawn will have 
erroneously high concentrations of dye. 
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complete the blood velocity rate may be determined, the 
decholin being injected through the same needle used for 
sampling. 

After clot retraction is complete, samples are centrifugal- 
ized for five or ten minutes at 2000 r.p.m. The serum is 
pipetted off and again centrifugalized to completely free 
it from cells. 

Hematocrits are centrifugalized at 3000 r.p.m. for thirty 
minutes. Corpuscular volume is calculated by the 
formula: 

„ „ Reading of packed cells 

Per cent cells = - — . ; . r^* 

Reading of fluid level — 2.0 


The dye concentration of serum samples is determined 
with the Koenig-Martens spectrophotometer. Detailed 
discussion of the use of this instrument is beyond the scope 
of this paper; our procedure is as follows. 

The absorption ceils used are of fused quartz, made in 
matched pairs with optically ground faces,* 20 millimeters 
in depth. These cells can be emptied with a fine pipette 
so completely that rinsing between samples is unnecessary. 

The spectrophotometer ^ is provided with a revolving 
photometer head on the circular scale of which the angular 
reading obtained when the image fields are matched is 
read. The initial setting with both cells when empty is 
such that the angular reading is forty-five degrees. The 
instrument is set to read at the wavelength 6200 /in, the 
point of maximum absorption of serum solutions of Evans 
Blue. One cell is then filled with the dye-free and the 
other with the dyed sample ten readings are taken and 
averaged, the position of the cells is reversed and ten 
more readings taken and averaged. The angular readings 
obtained before and after reversal of the cells will be less 
than or greater than forty-five degrees depending upon the 
position of the cell containing the most opaque (dyed) 
solution. The dye concentration of the samples is then 
calculated in terms of the net optical density (AZ?) accord- 
ing to the formula: 


AZ) = log cotangent / < 45° -k log tangent /. > 45°. 

With the instrument properly aligned the logarithmic 
values of the two angular readings will be equal. 

The AZ> obtained for each sample is recorded and 
plotted on coordinate paper and the disappearance slope 
extrapolated to the ordinate as shown in Figure 1. The 
volumes are then calculated according to the following 
formulas: 


Plasma volume 
in cc. = 

where C = 


C X AZ) St. X Z) 

ADV ’ 

the number of cc. of dye injected (taken 
as the calibration value of the syringe 
used). 


‘ Made by Macalaster Bicknell Company, Cambridget 
Mass. 

‘ We have used the Koenig-Martens spectrophotometer 
made by Schmidt and Haensch, Berlin, Germany'. 


Z> = the dilution of the dye solution used at 
which the standard value was deter- 
mined, 

AD St. = the AD of the standard of the dye solu- 
tion used, as determined in cells of 
the same depth as used for obtaining 
ADU, 

AD U = the AD obtained by extrapolation of the 
slope of disappearance, as determined 
from the samples, to intersect the 
ordinate. 


Total blood 
volume in cc. 


Plasma volume ^ 

100 — per cent of cells 
The value used for the per cent of cells 
is the average of the values of all the 
hematocrits taken. 


Red cell 

volume in cc. = total blood volume — plasma volume. 

Due to the method of reading the hema- 
tocrits to the top of the white cell 
layer, the red cell volume as here used 
includes the volume of the white cells. 


Repeated and continuous determinations 

For determining changes in plasma and total blood 
volume in the same individual, two types of procedure are 
available, termed by us the " direct ” and " indirect ” 
methods. The direct method consists of repeated single 
determinations in the same subjects at significant intervals, 
carried out as described above. The amount of dye used 
for each determination may be reduced if injections are to 
be made at short intervals. 

In the indirect method, the slope of dye disappearance 
from the blood stream following a single injection is deter- 
mined during a control period. The deviation in dye 
concentration of serum samples taken during an ensuing 
experimental period from the prolongation of the control 
disappearance slope represents changes in the plasma 
volume: an increase or decrease in dye concentration of a 
sample from that of a synchronous point on the disap- 
pearance slope indicates a reduction or increase in plasma 
volume respectively. 

Changes in plasma and total blood volume occurring 
during the experimental period are calculated by the fol- 
lowing formula: 


P.V. 


P.V. X AD si. 


I. !, etc. = — > 

AD sp. 

where P.V.i. j, eic. — The plasma volume in cc, to be 
calculated from the AD of serum 
samples taken during the experi- 
mental period, 

P.V. = The initial plasma volume in cc., 
ADji. = Dye concentration value of point 
on disappearance slope corre- 
sponding to scrum sample taken 
during experimental period, 
ADfp. = Dye concentration of scrum sample 
taken during experimental oe- 
riod. 
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Fig. 1. Standard Protocol for Routine Blood Volume Determinations 
The method of extrapolation of the disappearance slope to obtain the optical density on 
which the calculation of plasma volume is based, and the portions of the curve designated by 
us " mixing curve," " disappearance slope,” and " mixing time ” are clearly shown. 


T.B.V.i, s, etc. lU cc. 
where 

Per cent of cells 


P.V.i, 2 , etc. 

100 — per cent of cells 


X 100, 


Hematocrit value of blood sample 
from serum of which P.V.i, 2 . etc. 
was obtained. 


representative experiment of this type is illustrated 
in Figure 2. 

The indirect method lends itself to the study of changes 
in plasma and total blood volume occurring over periods 


of from a few minutes to several hours. When the experi- 
mental period is short (30 to 60 minutes), a blood volume 
is carried out in the usual manner except that blood 
samples for determination of the disappearance slope are 
taken over a period of time following the dye injection 
approximately equal to the length of the experimental 
period. When volume changes are to be followed over a 
period of several hours the initial volume determination is 
carried out 12 to 16 hours before the initiation of experi- 
mental procedures, from 15 to 30 mgm. of dye being in- 
jected. Patients are maintained fasting or on a light car- 
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ADF 

1.1 

1.0 

0.9 

0.8l 


Initial volume 
Plasma 2480 cc. 
Red cell 1570 cc. 
Jbtal 4050 cc. 


.Plasma volume in cc. 
2700r 
2600 
[^2500 
2400t 

L 




Plasma 

Volume = 2670cc. 



.-T^SOcc. of- 5o;» 

. Dextrose in. Saline i.v. 


0 


10 15 20 25 30 35. 40 45 50 55 

Minutes after Dye Injection 


Fig. 2. Changes in Plasma Volume Following Rapid Intravenous Injection of SO cc. 
OF SO Per cent Dextrose Solution in Case 141, Female, Age 20 Years 
The control disappearance slope, from the extrapolated value of which the initial volume 
is calculated and from the prolongation of which changes in volume are calculated is shown. 



Fig. 3. Changes in Plasma and Red Cell Volume During Artificial Fever 

IN A Paretic, Case 128 

The initial volume was determined on the afternoon of the day preceding the 
experiment, about 16 hours before the zero hour on the chart. The control disap- 
pearance slope was determined over two hours and changes in plasma volume 
calculated from the prolongation of this slope and the initial plasma \'oIumc. 
The extreme concentration of blood during induction of fever with a rapid dilution 
following a large intravenous injection of 10 per cent dextrose in saline solution is 
shown, as well as the close agreement of final estimated and redetermined plasma 
volume at 10 hours. Red cell volumes were calculated from hematocrit and plasma 
volume values. 
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bohydrate diet during the entire observation period. 
Twelve to 16 hours after dye injection 5 or 6 blood samples 
for serum samples and hematocrits are taken at 20 to 30 
minute intervals by separate venipuncture, for the deter- 
mination of the control disappearance slope. The experi- 
mental procedure is then initiated and blood for scrum 
samples and hematocrits is taken at significant intervals. 
At the end of the experiment, another volume determina- 
tion is carried out, from 8 to 12 mgm. of dye being injected. 
Changes in plasma and total blood volume occurring 
during the experimental period are calculated by the 
formulae given above. The plasma volume estimated from 
the dye concentration of the sample taken just prior to 
the injection of dj'e for the final volume should equal the 
final plasma volume. The amount of blood withdrawn 
in this type of experiment varies from 100 to 200 cc. An 
experiment of this type is illustrated in Figure 3. 

CRITIQUE 

Factors affecting the accuracy of 
single deiermiiiaiions 

A complete discussion of the principles under- 
lying the accuracy of this technique will appear 
elsewhere.® We are concerned in this paper 
only with the value of the method as applied by 
us to the clinical investigation of circulatory and 
other problems in humans. 

Colorimetry 

Estimation of the dye concentration of plasma 
or serum samples by means of the Dubosq 
colorimeter has been shown by Griesbach (2), 
Seyderhelm and Lampe (3) and Gregersen ® to be 
unreliable. If the dye concentration of the 
standard is less than that of the unknown, the 
ratio between the readings of the standard and 
unknown is too low, and the calculated plasma 
volume falsely high; conversely, if the standard 
is more concentrated than the unknown, the 
calculated volume is falsely low. With the 
method herein described we have encountered 
clinically plasma volumes from 950 cc. to 6000 
cc. In determining plasma volumes within 
this range with the Dubosq colorimeter, if the 
same amount of dye is injected and the samples 
are read against a standard of the same con- 
centration in each case (as in the method em- 
ployed by Keith, Rowntree and Geraghty (1); 
Hooper, et al. (17); Wollheim (18); and Gold- 
bloom and Libin (19)) large errors will occur. 
In subjects with low plasma volumes the con- 

« Gregersen, M. I. In preparation for publication. 


centration of dye in the sample will be greater 
than that of the standard and an erroneously 
high volume value will be obtained, while the 
reverse condition will be encountered in subjects 
with large plasma volumes. Thus colorimetry 
with the Dubosq instrument fails to reveal 
extreme variations in plasma volume. 

This type of error is eliminated with the 
spectrophotometer, since the absorption cells 
used are of equal depth, and the dispersion of 
light in both is equal. Both cells contain the 
same solvent (serum) in the same concentration, 
the color value thereof being cancelled; and with 
the instrument set at the wavelength of maxi- 
mum absorption of Evans Blue in serum 6200 nn 
(see Figure 4), the reading obtained accurately 
determines the difiference in color between dye 
free and dyed samples due to the dye alone. 

DPTiCAL 

DBNSltr 

/.5 
f/f 
13 

n 

10 
.8 
.8 
.7 
.6 
,6 
.4 
.3 
.2 
J 
.0 

WAV£l£mrfi 

Fig. 4. Spectrophotometric Absorption Curves of 
Oxyhemoglobin (Human), Brilliant Vital Red and 
Evans Blue in Solution in Serum 

These curves and those in Figure 5 were obtained with 
the Recording Spectrophotometer of the Color Measure- 
ments Laboratory of the Massachusetts Institute of Tech- 
nology. The peak of the absorption curve of oxyhemo- 
globin occurs at the wavelength 576 mm. with this instru- 
ment, and at 574 mm. with the-Koenig-Martens Spectro- 
photometers used by us. 
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No error due to residual dye is encountered when 
repeated determinations are made at short 
intervals, since here again both cells contain the 
same concentration of residual dye, and the 
readings obtained accurately measure the in- 
crease in color in the samples taken after the 
repeated dye injection due to that injection 
only. 

In our experience, small amounts of lipemia 
do not produce inaccuracies as long as the degree 
of lipemia remains the same in all samples, but 
does result in uncorrectable errors if fat is disap- 
pearing from the blood stream during the sam- 
pling period. 

Hemolysis of samples 

Spectrophotometric absorption curves of 
Evans Blue and oxyhemoglobin (Figure 4) show 
that the absorption of hemoglobin at the wave- 
length 6200 uti is little compared to its absorp- 
tion at the wavelength 5740 /i/i, the point of 
maximum absorption of oxyhemoglobin. Since 
both dye and hemoglobin in solution conform to 
the Beer-Lambert law, for any given degree of 
hemolysis of a serum sample stained with 
Evans Blue the per cent of error due to hemo- 
globin diminishes as the concentration of the dye 
increases. Thus if large amounts of the blue 
dye can be injected, as in animal experimenta- 
tion, the error due to even considerable hemoly- 
sis is for practical purposes negligible. 

Such large amounts of dye cannot be routinely 
employed in humans because of the undesir- 
ability of vital staining. With the amount of 
dye used by us, AZ? values from about 0.4 to 1.2 
are obtained and at these concentrations degrees 
of hemolysis as sometimes encountered even 
with careful withdrawal of blood may give rise 
to errors of from 2 to 5 per cent. It is therefore 
necessary in clinical investigation to have a 
method for correcting for hemoglobin. 

Three possibilities obtain: hemolysis of dye 
free sample, dyed sample or of both samples. 
We have determined the ratio of the optical 
densities of oxyhemoglobin in serum solution at 
5740 tin and 6200 ii/i to be approximately 40 to 1 ; 
and that of Evans Blue in serum at the cor- 
responding wavelengths to be 0.8 to 1.^ 

’ These studies were carried out with the recording spec- 
trophotometer of the Color Measurement Laboratory’ of 
the Massachusetts Institute of Technology through the 
courtesy of Professor Arthur C. Hardy’. 


Based on the correction method of Graff and 
Clark (6) for oxyhemoglobin and brilliant vital 
red, correction for hemolysis of either sample is 
effected by the following formula : 


where 


Di = 


KhA-B 

Kn-Ki' 


A = The AZ? of the dyed sample read against the 
dye free sample at 6200 n/i, 

B = The AD of the dyed sample read against the 
dye free sample at 5740 /n/i. 

Hi and Hi are the AD of oxyhemoglobin read against 
its solvent hemoglobin free serum at 
5740 ii/ji and 6200 fin respectively, 

Di and Di are the AD of Evans Blue in hemoglobin free 
serum read against its solvent at 5740 ft/i 
and 6200 nii respectively, 

Kk — the ratio between the AD of oxyhemoglobin 
in serum read against its solvent hemo- 
globin free serum at 5700 nii and 6200 tin, 
Kd = the ratio of the AD of Evans Blue in hemo- 
globin free serum read against its solvent 
at 5740 fill and 6200 mi. 


The derivation of this formula is as follows: 


(1) A = Di + Hi, or Hi = A - Di. 

(2) B =iDi + Hi, or Hi = B - Di. 

H 

(3) — = Kh According to the Beer-Lambert Law con- 

stant for any colored solution; we have 
determined the value of this constant 
to be 40.0. 

(4) ^ = or Di = KdX Di. 

* We have determined the value of the con- 

stant Kd to be 0.8. 

(5) Dividing (1) by (2), ^ ^ ^ ■ , 

B — Di 

(6) Substituting (3) in (5), Kh = — , 

A. “ Di 

(7) Substituting (4) in (6), Kh — ^ ^ 

A — Di 

or KhA — K\Ds = B — KdDj, 

then 


(8) Kd-D, - Kk-Di = B- KkA, 
or Di[Kd - Kk) = B - KkA, 
and 


(9) 


D. = 


B- KkA 
Kd-Kk’ 


or 


KkA - 
Kk - Kd 


This formula can only be applied when the dye 
free or at least one of the dyed samples is hemo- 
globin free. When the dye free sample contains 
no hemoglobin, correction of all hemolyzcd 
dyed samples is simply made. WTien the dye 
free sample is hemolyzed, a non-hemolyzed dyed 
sample is read against it; the values thus ob- 
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tained for A and B are used in the formula and 
the corrected value for the dyed sample at 
6200 fXM calculated. The difference between 
the corrected value so obtained and the actual 
reading at 6200 juju constitutes the error at that 
wavelength due to the hemoglobin in the dye 
free sample. 

Should some samples in the series also be 
hemolyzed, readings against the hemolyzed 
dye free sample are taken at 6200 jjji and 5740 mm 
and the value determined for the error at 6200 mm 
due to hemolysis of the dye free sample added to 
the reading at 6200 mm and the corresponding 
value for this error at 5740 mm (forty times the 
amount at 6200 mm) added to the reading ob- 
tained at 5740 MMt and these corrected values for 
A and B are used in the formula. 

The dye free sample may be so greatly hemo- 
lyzed that the absorption at 5740 /x/i may be 
greater in the dye free than in the dyed sample 
in which case the value obtained for B must be 
used as an algebraically minus quantity. 

Mixing of dye in the blood stream 

Methods in common use are based on the 
assumption that injected dye is completely 
mixed in the blood stream in all cases in from 
three to six minutes and that there is no signifi- 
cant loss of dye from the plasma during the 
mixing period. 

When samples are taken at three or four 
minute intervals over a period of thirty minutes 
after dye injection (see Figure 1), the dye con- 
centration of successive samples falls rapidly at 
first, gradually reaching a constant rate of 
decrease. The initial rapid fall in concentration 
is due to mixing of dye in the blood stream, and 
this portion of the curve is termed by us the 
“mixing curve” ; the subsequent portion in which 
the fall in concentration is constant, the “dis- 
appearance slope”; and the tangent point of 
these two curves the “mixing time.” 

Mixing time is related principally to the 
blood velocity rate as illustrated in Figure 6, 
in which it is seen that the mixing time of 
normals (as determined with 3 cc. to 10 cc. of 
dye) falls within narrow limits, averaging 7,5 
minutes; that of cases of hyperthyroidism is 
more rapid; while in cases with velocity rates 



Fig. 5. Spectrofhotometeic Absorption Curves of 
Hemolyzed Solutions of Evans Blue 

(1) Oxyhemoglobin in solution in hemoglobin free 
human serum read against its solvent. (2) Evans Blue 
in solution in hemoglobin free human serum read against 
its solvent. (3) Evans Blue in same concentration as (2) 
in solution in serum containing the same concentration of 
hemoglobin as (1) read against hemoglobin free human 
serum. (4) Solution (2) read against solution (1). 

greater than twenty-five seconds, the normal 
average mixing time is exceeded ; and that when 
the velocity rate is very slow the mixing time is 
greatly prolonged. 

Figure 7 shows composite mixing curves in 
four groups of cases: normal, hyperthyroidism, 
moderate, and severe congestive heart failure. 
Analysis of these groups shows the degree of 
error to be encountered when the volume calcula- 
tion is based on the dye concentration of a single 
sample taken three minutes after dye injection, 
as compared to the volume obtained by this 
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BLOOD VELOCITY RATE /N 6ECONDS 

Fig. 6. The Relation of Mixing Time to Blood Velocity Rate as Determined by the 
Intravenous Injection of “ Decholin ” in 31 Normal Patients, 11 with Hyperthyroidism and 
IN 60 Determinations in 36 Patients in Varying Stages of Congestive Heart Failure 



Fig. 7. Composite Mixing Curves, Representing Average Cgr\'es of S Pa- 
tients with Hyperthyroidism, IS Normals, 9 with Moderate and 7 with Severc 
Congestive Heart Failure 
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method to be great. Since tlie dye is never 
completely mixed in three minutes, dye concen- 
tration of a sample taken at this time is always 
too high and the error is always in the direction 
of a falsely low volume. The average error in 
these four groups is 7.5 per cent for normals, 
2.4 per cent for hyperthyroidism, 15.7 per cent 
for moderate and 19.6 per cent for severe con- 
gestive heart failure. 

Disappearance of dye fro7n the blood stream 

Dye is removed from the blood stream prin- 
cipally by phagocytosis in the reticulo-endothe- 
lial system. It is not found in the urine of 
individuals with normal kidneys. We have been 
unable to demonstrate by spectrophotometric 
examination the presence of Evans Blue after 
intravenous injection in the edema, pleural or 
ascitic fluid of patients with congestive heart 
failure; in the ascitic fluid of patients with cir- 
rhosis of the liver; in the edema, pleural or ascitic 
fluid of dogs rendered edematous by plasma- 
pharesis; in the cerebrospinal fluid of a paretic 
patient; or in the fetal cord blood serum or 
amniotic fluid of a pregnant woman delivered by 
Caesarean section. 

While we have not attempted to recover 


Evans Blue from thoracic lymph, the observa- 
tion of Smith (20) of the presence of brilliant 
vital red, a related colloidal dye, in thoracic 
lymph shortly after intravenous injection, indi- 
cates that dye may diffuse into lymph during the 
observation period. Plasma volume determina- 
tions based on the dye concentration of a single 
sample, even though taken when mixing is com- 
plete may accordingly be in error to the extent 
of this loss into the lymph. 

In the method herein described the plasma 
volume calculation is based upon a value ob- 
tained by extrapolation of the disappearance 
slope to the time of injection. This gives the dye 
co7icentration that would theoretically obtain were 
all the injected dye to be mixed with all the circulat- 
ing blood before any blood has been withdrawn 
or any dye has disappeared from the blood stream. 
This procedure minimizes errors due to diffusion 
of dye into lymph, and variations in initial rate 
of mixing in and disappearance from the blood 
stream. 

Hematocrit 

The dye method is essentially for the determi- 
nation of the plasma volume, and the validity 
of the total blood volume calculation, based on 
hematocrits, rests on the assumption that hema- 


TABLE II 

Repeated basal plasma and total blood volume determinations in individuals over varying lengths of time 


Subject 

Experi- 

ment 

number 

Date 

Age 

Sex 

Weight 

Amount 
of Evans 
Blue given 
intra- 
venously 

Plasma volume 

Total blood volume 

Hematocrit 

W. A 

46A 

June 

23, 1935 

years 

28 

M 

kgm. 

71.8 

mgm, 

18 

cc. 

2985 

cc. per kgm 

41.6 

CC, 

5600 

cc. per kgm 

78.1 

46.7 

W. A 

46C 

June 

21, 1936 

29 

M 

71.6 

9 

3170 

44.3 


77.4 

42.9 

A. H 

82A 

September 18, 1935 

30 

M 

62.7 

10 

irsffii 

41.6 

4620 

73.5 

43.4 

A. H 

82B 

June 

17, 1936 

30 

M 

63.3 

15 

1^^ 

39.5 

4480 

70.8 

43.0 

J.M 

196A 

January 

8, 1936 

28 

M 

n.z 

30 

2760 

37.7 


73.5 

48.6 

J. M 

196B 

February 19, 1936 

28 

M 

71.0 

30 

2630 

37.0 


71.9 

48.6 

J. S 

198A 

March 

11, 1936 

43 

M 

62.8 

30 

2280 

36.3 

3950 

62.7 

42.2 

J. s 

I98B 

April 

15, 1936 

43 

M 

61.7 

30 

2320 

37.7 

3740 

60.5 

37.7 

J. B 

202A 



44 

M 

68.7 

30 

3020 

44.0 

5400 

78.6 

43.0 

J. B 

202B 



44 

M 

72.5 

30 

3030 

41.8 

5320 

73.3 

43.0 

L. S 

86A 

October 

2, 1935 

23 

M 

59.6 

12 

BSBil 

39.2 

4180 

70.2 

44.1 

L. S 

86B 

October 

9, 1935 

23 

M 

60.2 

10 


39.3 

4200 

69.8 

43.9 

J. G. G... 

1 

November 7, 1934 

37 

M 

72.6 

mm 

3120 

42.8 

R ! !l 

76.3 

43.8 

J. G, G... 

2 

November 14, 1934 

37 

M 

72.6 


3010 

41.5 

M ’t ll 

73.6 

43.7 

J. G. G... 

32A 

May 

26, 1935 

37 

M 

70.4 


2945 

41.8 


76.0 

41.8 

J. G. G... 

132 

December 19, 1935 

38 

M 

69.5 

■■ 

3000 

43.2 

ill 

76.1 

43.2 
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tocrit values obtained under basal conditions 
from peripheral blood represent the true cell 
concentration of blood throughout the body. 
While there may be differences in corpuscular 
volume of central and peripheral blood, we feel 
that the differences observed in hematocrit 
values as determined by this method are of 
clinical significance. 

Toxicity of Evans Blue 

Gibson and Gregersen (21) in 1935 made 
comparative studies of the toxicity of brilliant 
vital red and T-1824 (Evans Blue) when ad- 
ministered intravenously to growing male rats 
and concluded that both dyes were non-toxic in 
doses up to 20 mgm. per kgm. Our standard 
dose of 0.002 mgm. per kgm. is l/80th of the 
upper limit of safe dos^e, and about one-tenth 
the amount of brilliant vital red (100 mgm. to 


150 mgm.) required by earlier methods. With 
this amount of dye no gross vital staining or 
immediate or late toxic or untoward effects have 
been encountered by us in over 300 patients, 
many of whom have been injected several times. 

Factors affecting the accuracy of the direct and 
indirect methods 

The reliability of the direct method rests on the 
assumption that the blood volume in the basal 
state is constant. Findings in 7 normal indi- 
viduals in whom volume studies under basal 
conditions were made over periods of from a few 
days to several months are summarized in Table 
II. While it is possible that the plasma and 
total blood volume varies somewhat from day to 
day, the constancy of the volumes obtained in 
these subjects under basal conditions leads us to 
believe that by the direct method changes in 



Fig. 8. Disappearance from the Blood Stream of Varying Ajiounts of Intraye.vously- I.s'jected 

Evans Blue in 4 Norjial Males 


The rate of disappearance becomes practically constant from about 12 hours after injection on. In 
the curves of cases injected with 30 mgm. and 15 mgm. of dye the progressive fall in dye concentration of 
serum from serial samples taken at short intervals is shown. Disappearance slopes constructed from these 
points would be in excess of the prevailing disappearance slope for the 24-hour period. 
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excess of 5 per cent of the plasma volume can be 
reliably measured. 

We have studied the disappearance from the 
blood stream of varying amounts of intrave- 
nously injected Evans Blue over 24 hour periods 
in four normal subjects. They were at complete 
bed rest and were maintained on a light carbo- 
hydrate diet and given water as desired through- 
out the observation period. An initial blood 
volume, with different amounts of dye in each 
case was carried out, and the disappearance of 
dye from the blood stream thereafter was fol- 
lowed by means of single or multiple blood 
samples taken at 1 to 3 hour inten^als. Results 
are shown in Figure 8. Table III gives the rates 


hours later samples for determination of the 
disappearance slope were taken by separate 
venipunctures at 20 minute intervals for two 
hours. The results of these studies are shown 
in Table IV. The average determined rate of 
disappearance during the 2-hour period, 16 hours 
after dye injection in these 10 individuals is 
2.20 per cent per hour, which compares well with 
an average disappearance rate of 2.19 per cent 
per hour for the 16 to 20-hour period in the 24- 
hour group. (See Table III.) However, in some 
instances (Experiments 135 and 229, Table IV) 
the determined rate of disappearance is in excess 
of the average hourly rate of disappearance from 
the time of dye injection, a condition not in 


TABLE III 

Disappearance from the blood- stream of intravenously injected Evans Blue in four normal males 




Amount 

Plasma 

1 


Hourly disappearance rate (per cent) 




Average 




of Evans 

vol- 












Amount 


dis- 

Disap- 

Expen- 


Blue 

ume 

Blood 











cleared 

Initial 

appear- 

peared 

merit 

Date 

given 



drawn 

0 

1 1 

2 

3 

4 

6 

8 

12 

Ifi 

2D 

in 24 

AD 

ance 

at 16 

number 


intra- 




to 1 

to 

to 

to 

to 1 

to 

to 

to 

to 

to 

hours 


at 16 

hours 



venously 

Initial 

Final 


1 

2 

3 

4 

6 

8 

12 

16 

20 

24 

1 


hours 




tHfim. 

cc. 

CC^ 

cc* 





1 





1 

per cent 


per cent 
per hour 

per cent 

203 

May 27, 1936 

30 

3550 

3160 

220 

6.07 

5.61 

5.04 

4.70 

4.11 

3.25 

2.69 

2.26 

2.06 

1.89 

52.5 

1.365 

2.75 

44.1 

46A 

June 23. 193S1 

18 

2985 

2720 

180 

5.631 

5.28 

3.82 

3.33 

3.12 

2.73i 

2.66 

2.49 

2.14 

1.83 

49.8 

1.083 

2.54 

40.7 

202 

May 27, 1936 

IS 

3020 

2880 

220 

7.I2I 

6.48 

5.83 

5.16 

3.89 

3.371 

2.71 

2.64 

2.43 

2.07 

56.0 

.829 

2.92 

46.8 

32A 

May 26. 1935' 

12 

2945 

2680 

185 

5.13 

1 

4.72 

3.50 

2.72 

2.18 

2.12 

1.90 

2.16 

2.11 

2.08 

45,0 

.760 

2.15 

34.5 

' ~ ~ ~ 1 

Average 





1 

j 



1 



2.44 

2.39 

2.19 

1.97 

53.3 


2.59 

41.5 


of disappearance at various stages of the 24-hour 
period. Evans Blue leaves the blood stream 
very slowly and beginning 12 hours after injec- 
tion the rate of disappearance may be con- 
sidered constant for the purpose of the determi- 
nation of control disappearance slopes. 

The conformity of dye concentration of 
samples taken over a 24-hour period in these 
individuals to a smooth curve indicates that no 
considerable concentration or dilution of the 
blood occurs during the resting state. We are 
unable to attribute any of the slight variations in 
dye concentration of individual blood samples 
from the predominant curve to the ingestion of 
food or water, the elimination of waste products 
or to sleep. 

We have studied the rate of disappearance 
during 2-hour periods 16 hours after dye in- 
jection in 10 normal individuals under basal 
conditions. For the initial volume determina- 
tion, 24 to 30 mgm. of dye were used and 16 


keeping with the finding of a constantly diminish- 
ing rate of disappearance over the 24-hour 
period. We believe these instances are evidence 
of a circulatory change induced by the taking of 
serial blood samples. 

When blood samples are taken over a period 
of from thirty to forty minutes through the same 
needle or by repeated punctures a progressive 
decrease in the cell volume percentage occurs. 
Figure 9 shows the average per cent of decrease in 
hematocrit values taking place over a period of 
forty minutes, amounting to about 3 per cent, 
as observed in 105 patients. The rate of de- 
crease is at first rapid, becoming less after about 
twenty-five minutes. A similar change in hema- 
tocrit values and a fall in dye concentration of 
serum was observed in serial blood samples 
taken in the 10 cases listed in Table IV, in 
general equal to the percentage of decline in 
hematocrit values. This decline in dye concen- 
tration was of such a degree that it could not 
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TABLE IV 


Disappearance from the blood stream of intravenously infected Evans Blue in 10 normal males 16 hours after injection 


Experiment 

number 

Date 

Amount 
of Evans 
Blue given 
intra- 
venously 

Initial 

plasma 

volume 

Initial 

AZ> 

hV 

16 hours 

! 

Elapsed 

time 

since 

injection 

Disap- 
pearance ; 

since ; 
injection 

Average , 
disap- 
pearance 
from 
time of 
injection 

Deter- 

mined 

from 

disap- 

pearance 

slope 

135 

128 

196 

148 

200 

199 

202 

219 

225 

229 

November 13, 1935 
December 12, 1935 
January 8, 1936 
January 29, 1936 
April 1, 1936 

May 27, 1936 

July 1, 1936 

July 8, 1936 

July 22, 1936 

July 29, 1936 

mgra. 

30 

30 

30 

30 

24 

24 

30 

30 

30 i 
30 

tc. 

291Q 
2820 
2760 
2380 
2135 
3230 
3030 
3040 
2485 1 
3260 

1.703 

1.740 

1.805 

2,060 

1,856 

1.263 

1,600 

1.625 

1.990 

1.520 

1.101 

1.110 

.982 

1.293 

1.086 

.796 

.830 

1.039 

1.110 

.855 

15° 20' 
15° 48' 
16° 19' 
16° 19' 
15° 27' 
14° 42' 
16° 10' 
17° 26' 
17° 26' 
17° 28' 

ter cent 

35.3 

36.1 

45.6 

37.1 

41. S 
36.9 

48.1 

35.7 

44.2 

43.7 

^er cent 
per hour 

2.31 

2.29 

2.79 

2.28 

2.68 

2.51 

2.97 

2.07 

2.56 

2.53 

per cent 
per hour 

2.48 
1.89 
2.57 
2.42 

1.48 
2.20 
2.40 
1.83 
2.16 
2.56 

Average 







40.43 

2.50 

2.20 


fkfttnlogt 



Fig. 9. Decline in Hematocrit Values Observed on Repeated Blood Sampling 

The solid line represents the average value of hematocrits, grouped in five minute periods, obtained during routine 
blood volume determinations in 60 patients with normal cardiovascular systems; the broken line the average values 
obtained in 55 decompensated cardiac patients. The initial hematocrit is taken as 100 per cent in each case, and all 
samples were taken without stasis, either through the same needle or by repeated puncture. The average fall in 
hematocrits, 3 per cent, is beyond the limit of error of the technique and greater than can be accounted for by blood 
withdrawn or the small amounts of saline (30 cc. in 40 minutes) injected to prevent clotting in the needle. 
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represent actual disappearance of the dye from 
the blood stream since it was in excess of the 
average rate of clearance prevailing during a 
corresponding period of the 24-hour curves 
shown above. We have observed the same 
phenomenon to occur in dogs (22). The effect 
of this decline in dye values tends to make the 
disappearance slope constructed from serial 
samples falsely steep. This is clearly illustrated 
in two of the subjects in whom dye clearance was 
followed for 24 hours. Several groups of serial 
samples were taken during the 24-hour period 
and in each instance, as seen in Figure 8, the 
slopes constructed from each group of samples 
are steeper than the corresponding portion of the 
24-hour curve. 

We do not believe these declines in hematocrit 
values and dye concentrations are due either to 
stasis, because of the precautions taken to avoid 
it; or to the injection of saline between with- 
drawals, since a similar condition obtains when a 
separate venipuncture is made for each sample. 
A sudden dilution of the circulating volume as a 
response to pain or hemorrhage would result in a 
decrease in both cell volume per cent and dye 
concentration but further studies indicate that 
the opposite condition, namely, a decrease in the 
circulating volume of both red cells and plasma, 
occurs. When repeated determinations are made 
in the same individual at short intervals, suc- 
cessive plasma volumes tend to differ from the 
initial volume, the difference being greater than 
can be accounted for by blood sampling. The 
percentage of change in plasma volume equals 
the percentage of change in the value of hemato- 
crits taken during that volume determination. 
Results in three experiments illustrating this 
parallel in plasma volume change and hematocrit 
values are given in Table V. These findings are 
in keeping with the observations of Hemingway, 
Scott and Wright (23), who noted a similar drop 
in hemoglobin values and dye concentration of 
successive samples taken after injections of 
water blue in dogs; and of Chanutin, Smith and 
Mendel (24), who observed a progressive fall in 
hemoglobin values on repeated sampling. 

This reaction is transient, and the volume of 
circulating plasma and red cells tends to return 
to the initial level, since the hematocrit and dye 
concentration values tend to rise towards the end 


tableTv 

Changes in plasma, red cell and total blood volume and 
hematocrit values in repealed volume determinations 
m the same individual at short intervals 


Sub- 

ject 

Number 
of volume 
deter- 
mination 

Time 

between 

dye 

injections 

Plasma 

volume 

ClianEc 

from 

initial 

value 

Hema- 

tocrit 

Change 

from 

initial 

value 




cc. 

Per cent 


per cent 

W.A. E. 

1 

0 

3140 


44.6 



2 

27 minutes 

3000 

-4.5 

42.5 

-4.6 


3 

54 minutes 

3065 

-2.7 

43.0 

-3.6 

W. C. 

1 

0 

3660 


45.9 



2 

1 

27 minutes 

3510 

-4.1 

43.9 

-4.4 

- w. 

1 

0 

3170 

0 

41.4 



2 

27 minutes 

3190 

+0.6 

41.4 

0 


of a series of samples. The effect of this reac- 
tion on the determination of disappearance 
slopes can be minimized by taking samples over 
a sufficient length of time. In our experience, 
in the long indirect method, control disappear- 
ance slopes should be based on at least five 
samples taken at 20 to 30 minute intervals. The 
optimal time after dye injection is from 12 to 20 
hours, when changes in the hourly rate of dis- 
appearance are negligible and the dye concen- 
tration in the blood is still high enough for ac- 
curate spectrophotometric readings. 

Changes in the pigment content of serum 
during the experimental period may affect the 
accuracy of indirectly calculated plasma volumes 
to some extent. 

The average optical density at 6200 pti in cells 
of 20 mm. depth of dye free serum as determined 
in 20 normal men is about 0.1000. Since the 
amount of dye injected in the indirect method is 
such that optical densities in the neighborhood of 
1.00 are obtained during the experimental 
period, an increase of 10 per cent in the optical 
density of the serum itself (due to increase in 
pigment content), would result in an increase of 
only 1 per cent in the AD of the dyed serum 
read agmnst the initial dye free sample. Errors 
arising from this source can best be avoided by 
maintaining subjects on fat free meals and are 
so slight as to be negligible. 

We have made extensive studies by the indirect 
method of changes in plasma and total blood 
volume occurring during diuresis, fever, exercise 
and surgical operations. These conditions are 
accompanied by marked physiological dis- 
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turbances which might alter the rate of clearance 
from the blood stream. No method of quantita- 
ting such changes is available. However, since 
the experimental period selected is one during 
which the rate of dye disappearance is practically 
constant and very slow, changes in disappearance 
rate during an experiment will affect the ac- 
curacy of calculations of plasma volume based on 
the dye concentration of serum samples taken 
during the experiment, very little. In over 30 
experiments of this type, plasma volumes 
calculated from the dye concentration of the 
sample taken just prior to the injection of dye 
for the repeated volume determination agreed 
within 5 per cent with the redetermined plasma 
volume. 

SUMMARY AND CONCLUSIONS 

(1) The application of a method for determi- 
ning the plasma and total blood volume employ- 
ing the blue dye Evans Blue and the spectro- 
photometer to the investigation of clinical 
problems is described. 

(2) Colorimetric errors inherent in earlier 
methods due to turbidity of plasma, lipemia, 
residual dye in repeated determinations and 
hemolysis of samples are minimized by the use 
of the spectrophotometer, and a spectrophoto- 
metric method of correcting for hemolysis is 
described. 

(3) Errors due to variations in dye mixing 
time occurring in different clinical states, and 
possible dilution of injected dye by lymph are 
eliminated by calculating the plasma volume 
from a value obtained by extrapolation of the 
slope of disappearance of the dye from the blood 
stream, as determined by multiple samples 
taken over a period of at least thirty minutes 
after dye injection, to the time of injection. 

(4) By the “direct” method of repeated single 
determinations, volume changes of clinical 
significance in the same individual can be 
reliably measured at frequent intervals. By 
the "indirect method” changes in volume can be 
continuously followed for periods of from a few 
minutes to several hours. 

(5) Certain factors affecting the accuracy of 
the indirect method are discussed. A physio- 
logical response to serial blood sampling con- 
sisting of a transient and variable decrease in 


the circulating plasma and red cell volurr 
renders accurate estimation of the rate ( 
disappearance of dye from the blood streai 
difficult. Experimental procedures may alt< 
the intrinsic color of the serum and rate of d> 
disappearance. 

We wish to express our thanks to Professor Henry 1 
Christian for many helpful suggestions; to Professor Walt( 
B. Cannon and Professor A. Baird Hastings for the use ( 
spectrophotometers: and to Miss Evelyn Berstein fc 
technical assistance. 
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Medical literature contains several works on 
the blood volume in normal persons, based on 
findings with the dye method of Keith, Rown- 
tree and Geraghty (1) or modifications thereof, 
(2, 3, 4). Our justification for presenting an 
additional study is that the principal errors in- 
herent in the earlier techniques are minimized by 
the dye method we have employed. By this 
method, described in detail in a previous com- 
munication (5), the absolute plasma volume can 
be measured with considerable accuracy, and the 
calculation of total blood volume is based on the 
plasma volume and the hematocrit values of ve- 
nous blood samples. It also seemed worth while 
to consider the normal blood volume in relation 
to physical measurements of the individuals and 
to certain aspects of hemodynamics, to determine 
what interrelations exist. 

This study comprises an analysis of the plasma 
and total blood volumes, venous pressures and 
blood velocity rates determined in 90 adult indi- 
viduals, 49 of whom were males and 41 females. 
These subjects were hospital patients with no 
evidence by history or on physical examination 
of cardiovascular or renal disease, blood dyscra- 
sias or debilitating disorders, and members of 
the hospital staff in good health. 

Plasma and total blood volumes, venous pres- 
sures and blood velocity rates were detennined 
with the subjects in a basal state. Results are 
summarized in Table I. 

Sex 

The plasma and total blood volumes of all our 
subjects, considered by age and sex, are shown 
in Figure 1, and the corresponding plasma and 
total blood volume in cc. per kgm. of body weight 
in Figure 2. At once apparent is the striking 


difference in volumes of males and females, the 
average absolute and per kgm. plasma volume of 
females being 22.5 per cent and 3.7 per cent less, 
and absolute and per kgm. total blood volume 
28.8 per cent and 4.7 per cent less than that of 
males, respectively. 

An extreme range of about 30 per cent above 
and below average plasma and total blood volumes 
is encountered in individuals, as shown in Figure 
3, but no particular difference in range obtains be- 
tween sexes. In about two-thirds of the cases in 
this series, plasma and total blood volumes were 
within 10 per cent above or below average values ; 
of the remaining one-third, an approximately 
equal number were above and below that limit. 

Age 

Analysis of absolute and relative volumes by 
decades (see Figures 1 and 2), shows a tendency 
in both sexes for values to remain at or rise 
somewhat above the average levels of the series 
during middle life and to decline with advancing 
age. The increase in total volume in terms of 
body weight during middle age is more pro- 
nounced in males than in females, while the de- 
crease after the fourth decade, apparent in both 
sexes, is greater in females than in males, being 
about 16 per cent below middle age values in 
women and 8 per cent in men. 

Height, weight, and surface area 

There is an increase in total blood volume with 
increasing indiridual height, weight and surface 
area as calculated from the nomogram of Boothby 
and Sandiford given by DuBois (6), the relation- 
ships being as shown in Figure 4. In relation to 
all three of these physical measurements, in about 
70 per cent of our cases total volume is within 10 
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per cent above or below the average value for 
the group in both sexes. As regards weight 
only, those cases having volumes above these 
limits were predominantly muscular individuals, 
those falling below were for the most part tall 
and thin. 


The relation of total volume in cc. per kgm. to 
variations in body weight is shown in Figure SB, 
in which it will be noted that in both sexes, unit 
volume tends to rise with increase in weight of 
individuals, reaches a maximum at a lower weight 
level in females than in males, and thereafter 


TABLE I 

The absolute and relative plasma and total blood volume, physical measurements, venous pressure, blood velocty rale andi 

hematocrit in adult normal men and women 


Case 

num- 

ber 

1 

Date 

Age 

Heiglit 

Weight 

Surface 

area 

; 

Venous 

pressure 

Blood 

vclocitj' 

rate 

Hemato- 

crit 

Plasma volume 

Total blood volume 



year5 

cm. 

1 



j mm, IhO 

seconds 


cc. cc. -per kgm. 

cc. cc. per kgm. 


MALES — 49 


3 

November 23, 1934 

26 

178.0 

70.4 

1.88 



44.6 

2620 

35,2 

4720 

67.1 

6A 

December 

1, 1934 

23 

179.8 

71.4 

1.88 



42.1 

4045 

56.8 

6980 

97.7 

17 

April 

4, 1935 

22 


77.3 


115 

16 

42.4 

3890 

50.3 

6760 

87.3 

20B 

November 29, 1935 

26 

186.3 

74.6 

1.97 

60 


44.4 

2830 

37.9 

5090 

68.3 

32A 

May 

26, 1935 

37 

176.4 

70.4 

1.85 

70 

18 

45.0 

2945 

41.8 

5350 

76.0 

34 

June 

7, 1935 

21 

165.1 

68.2 

1.74 

90 

195 

45.3 

3090 

45.3 

5650 

82.7 

46A 

June 

23, 1935 

28 

190.5 

71.8 

1.98 

90 

17 

46.7 

2985 

41.6 

5600 

78.1 

58 

July 

4, 1935 

62 

177.0 

65.2 

1.82 

65 

19 

44.4 

3140 

47.0 

5640 

86.5 

66 

July 

16, 1935 

41 

161.4 

63.2 

1.67 

40 

185 

44.5 

2760 

43.7 

4970 

78.6 

69 

July 

19, 1935 

19 

178.0 

65.0 

1.80 

70 

14 

45.4 

2420 

37.2 

4360 

67.0 

73 

July 

22,1935 

26 

187.0 

66.0 

1.88 

115 

18 

48.7 

2980 

45.2 

5800 

88.0 

74 

July 

23, 1935 

24 

171.4 

76.2 

1.88 

115 

17 

47.8 

2700 

35.4 

5160 

75.3 

82B 

June 

19, 1936 

30 

162.5 

63.3 

1.67 

80 

17 

43.0 

2530 

39.5 

4480 

70.2 

86A 

October 

2. 1935 

23 

166.3 

59.6 

1.65 

80 

145 

44.1 

2340 

39.2 

4180 

70.2 

127 

December 12, 1935 

26 

184.0 

84.2 

2.10 

70 

14 

43.2 

3200 

38.2 

5650 

67.2 

130 

December 17, 1935 

58 


78.2 


130 

16 

51.8 

2400 

32.0 

5180 

66.3 

131 

December 18, 1935 

89 


55.2 


75 

19 

36.0 

3210 

58.2 

5010 

90.8 

138 

January 

14, 1936 

27 

182.9 

78.0 

1.99 

100 

22 

44.3 

3190 

40.9 

5730 

73.7 

MOB 

January 

15, 1936 

22 

175.2 

76.1 

1.91 

80 

20 

44.7 

3040 

39.9 

5500 

72.2 

142 

January 

18, 1936 

43 

173.0 

71.0 

1.83 

120 

17 

48.8 

2690 

38.0 

5260 

74.0 

148 

January 

3i; 1936 

39 


54.3 


110 


45.2 

2380 

44.0 

4350 

80.1 

155 

March 

17, 1936 

22 

176.0 

79.4 

1.94 

45 

16 

49.4 

3080 

38.8 

6080 

76.7 

161 

March 

24, 1936 

27 

174.5 

72.4 

1.85 

120 

15 

48.3 

2840 

39.2 

5490 

75.8 

177 

May 

6, 1936 

60 


68.0 


95 

17 

49.3 

2550 

37.6 

5030 

74.0 

180 

May 

13; 1936 

19 

153.4 

48.6 

1.43 

120 

14 

48.4 

1855 

38.2 

3590 

73.8 

193 

June 

4', 1936 

58 

170.0 

64.6 

1.74 

30 

18 

43.3 

2940 

45.5 

5190 

80.4 

196 

January 

S; 1936 

28 

161.3 

73.3 

1.77 

100 

17 

48.6 

2760 

37.7 

5380 

73.5 

197 

February 

26; 1936 

38 

180.2 

63.3 

1.79 

85 


40.2 

3500 

55.2 

5850 

92.4 

198 

March 

11, 1936 

43 

157.4 

62.8 

1.63 

85 


42.2 

2280 

36.3 

3950 

62.7 

199B 

May 

27, 1936 

31 

173,6 

63.0 

1.75 

110 

20 

42.0 

3230 

51.3 

5570 

88.5 

200 

April 

i; 1936 

44 

160.0 

43.7 

1.41 

65 


40.9 

2135 

48.8 

3610 

82.6 

201 

April 

22', 1936 

37 

171.3 

59.8 

1.69 

75 

16 

46.0 

2860 

47.8 

5300 

88.6 

202 

May 

27,' 1936 

44 

168.6 

68.7 

1.78 

60 


42.4 

3020 

44.0 

5250 

76.3 

203 

May 

27,' 1936 

45 

180.1 

89.0 

2.24 

110 


39.8 

3550 

39.9 

5910 

66.3 

209 

June 

20, 1936 

24 

185.4 

78.2 

2.01 


18 

42.5 

4000 

51.3 

6970 

89.2 

210 

Tiinp 

22', 1936 

24 

178.7 

73.0 

1.90 

70 

18 

41,8 

3560 

48.7 

6110 

83.7 

212 

June 

23; 1936 

27 

185.3 

83.0 

2.06 

65 

23 

44.5 

3660 

44.1 

6600 

79.5 

215A 

Tune 

27, 1936 

25 

180.1 

69.5 

1.87 

80 


41.4 

3170 

45.6 

5410 

77.7 

219 

July 

8; 1936 

57 

173.2 

62.5 

1.73 

85 


38.1 

3040 

48.7 

4920 

78.7 

223 

Tiilv 

16', 1936 

41 

185.3 

75.0 

1.97 

65 


48.8 

2790 

39.6 

5450 

72.7 

224 

Tuly 

2i; 1936 

30 

167.6 

59.0 

1.66 



48.0 

2765 

46.9 

5325 

90.3 

225 

Tilly 

22', 1936 

51 

170.0 

65.5 

1.73 



42.6 

2485 

38.0 

4330 

66.2 

226 

Tuly 

23,' 1936 

38 


73.7 




43.6 

3670 

51.3 
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90.8 
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Titlv 

27, 1936 

39 

172.6 

76.6 

1.89 

60 


46.0 

2915 

38.1 
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70.6 
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Tulv 

29; 1936 

44 

172.1 

78.1 

1.91 

65 


46.9 
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41.7 

6140 

68.7 

231A 
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6; 1936 

42 

167.3 

66.0 

1.74 



45.8 

2845 

43.2 

5250 

79.6 

255 

December 

3, 1936 

39 

166.4 

55.0 

1.60 

75 


42.3 

2530 

46.3 

4420 

80.3 

257 

December 

8, 1936 

30 

188.3 

93.6 

2.18 



47.5 

3620 

38.7 

6890 

73.6 

275 

January 

11, 1937 

20 

161.5 

53.2 

1.54 


145 

46.2 

2180 

41.0 

4050 

- 

76.2 

Average 



78.6 

1.821 

81.4 

17.34 

44.67 

2948 

mm 

m 

77.7 
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Fig. 1. Plasma and Total Blood Volume in 90 Normal Men and Women with Reference to Age 

Both plasma and total blood volume of males is greater than that of females, and tend to diminish with ad- 
vancing age in both sexes. 


age in either sex (Figure 6). The degree of 
variation in individuals above and below average 
values for the whole group is less in the case of 
the blood velocity rate than in venous pressure in 
both sexes, but in both instances the extremes 
encountered in males and females are about the 
same. The average value of both determinations 
is appreciably lower in females than in males. 
The relation of total blood volume to variations 
in venous pressure and blood velocity rate is as 
shown in Figure 7. It is apparent that no inter- 
relation between variations in these two measure- 
ments and blood volume exists in normal persons. 


Red cell volume 

In the method employed the red cell volume is 
based upon the hematocrit values of venous blood 
samples, being considered as the difference be- 
tween total blood and plasma volumes. In this 
series the male hematocrit value ranged from 36.0 
to 51.8 with an average value of 44.6; the female 
hematocrit from 33.7 to 43.8 with an average 
value of 39.9. Thus the average hematocrit value 
for females is 10.5 per cent less than that of males. 

The computed average red cell volume of males 
is 2387 cc. and that of females 1514 cc., or 36.5 
per cent less than that of males. 



STUDIES OF BLOOD VOLUME. II 


321 


CRITIQUE Some of the wide divergence in values found 

Our findings are at variance with those in the by the above authors may be due to the limited 

literature. Thus Keith, Rowntree and Geraghty number of cases studied, since the extreme range 

(1), Rowntree and Brown (7), Kaltreider, Hur- encountered in this series, comprising more cases 

tado and Brooks (8) and Silbert et al. (9) re- than were included in any of those series referred 

ported higher average absolute and relative total to above, is plus or minus 30 per cent from 

blood volumes for males than the average values average values. Pitfalls of the earlier methods 

of this series, and Bock (10) and Seyderhelm described by Gregersen, Gibson and Stead (16) 



h(^E IN YE/\R6 

Fig. 2. Plasma and Total Blood Volume in Terms of Body Weight 

The ditference in total volume of males and females is due principally to the larger red cell volume of 
the male, the unit plasma volume of both sexes being nearly equal. 

and Lampe (11) obtained higher relative total and in a previous communication by us (5), ac- 
blood volumes. Wollheim (12) obtained a higher count in large measure for this divergence. Thus, 
relative and lower absolute average total volume if the volume calculation is based on the dye con- 
than our values. Kaboth (13) and Sparks and centration of a single blood sample taken before 
Haden (14) published values for women lower the dye is completely mixed in the blood stream, 
than those herein reported both as to absolute and falsely low values will be obtained. Inequalitj' 
relative total volume, while those of Uhlenbruck of dye concentration between standard and un- 
and Le 3 'endecker (15) and Rowntree and Brown known may produce large errors in either direc- 
(6) were considerably higher, tion when the Dubosq colorimeter is used, as may 
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also erroi's due to hemolysis of dye free or dyed 
samples or both. While some of these errors 
may be compensating, it seems evident that values 
for normal blood volume as determined by the 
methods employed by the above authors cannot 
be regarded as reliable. 


tissue as muscle and viscera and blood poor tissue 
as bone and fat. It is accordingly consistent that 
muscular persons should have relatively more and 
fat persons relatively less blood per unit of body 
weight than persons of more normal habitus and 
proportion of brawn and blubber. Thus Cases 



PERCENTAGL BELOW ABOVE AVERAGE 

< "A >■ 


Fig. 3. Distribution of Number of Cases Above and Below Average Values for Plasma and 

Total Blood Volume 

About two-thirds of the cases are within 10 per cent above or below average values in both 
sexes. 


Our analysis of the blood volumes of normal 
individuals, as determined by the method we have 
employed indicates that differences in plasma and 
total blood volume of individuals of comparable 
age, sex, height and weight may be considerable. 
That extreme variations in the amount of blood 
in the bodies of different persons exist is not in- 
compatible with known individual differences in 
build, and varying proportions of such blood rich 


6A, 156, 174, 209 and 224 are muscular persons 
leading physically active lives, and in all of these, 
both absolute and total volume per kgm. of body 
weight exceeds average values. Cases 140B, 145, 
149, and 203, all obese persons, have absolute 
volumes equal to or above the average values, but 
less than the average value per unit of body 
weight. Cases 158, 208, and 226, all under- 
weight, have absolute volumes slightly under, but 
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relative volumes much higher, than average values. 

The greater blood volume of males than fe- 
males is due chiefly to the higher red cell volume 
of the male, the plasma volume of the two sexes 
differing only slightly (Figure 1). This fact is 
in keeping with known observations of higher red 


cell counts, hemoglobin and hematocrit values, 
basal metabolic rates (DuBois (6)), and vital 
capacities (Hutchinson (17) and Pratt (18)) of 
men as compared to women. It is of interest, 
however, that the total red cell volume of women 
as compared to that of men is considerably less 



Fig. 4. Relationship of Total Blood Volume to Height, Weight and Surface 

Area 

With increase in size total volume in relation to surface area rises steadily in males, 
but tends towards a constant value in females. 
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SURFACE AREA w SQUARE AfETERS 

Fig. 5. Relationship of Total Blood Volume in Unit Terms to Differences in 
Individual Height, Weight and Surface Area 
The diminution in unit volume with increasing- weight is more pronounced in women 
than men. With increasing surface area, unit volume rises and tends toward a constant 
value in men, but decreases in large women. 
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than the percentage differences between normal 
values for red cell counts, hematocrits and hemo- 
globins would indicate. Thus while average he- 
matocrit values in this series for women are only 
10.5 per cent less than for men, the total red cell 
volume of women is 42.8 per cent less than that 
of men; the reason being the lower value of both 
the plasma volume and hematocrit of women. In 
this connection it should be pointed out that dif- 
ferences in absolute red cell volume of individuals 


or of changes therein in the same individual can- 
not be determined on the basis of red cell counts 
or hematocrits alone. In each case, the plasma 
volume must be taken into consideration. 

That there should be a considerable difference 
in the blood volume of men and women is not 
surprising when considered in terms of body 
weight, and the fact that men as a rule are more 
muscular and are apt to lead more physically 
active lives than women. In this connection cer- 
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AGE IN YEAR6 


Fig. 6. Venous Pressures and Blood Velocity Rates in 90 Normal Men and Women 
No relationship of these determinations to age exists in either sex. 
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tain cases in this series are of interest as excep- during the life span. Tlius Krogh’s modification 
tions that prove the lule. Thus Cases 156 and of the Sage standards of basal metabolism (6, 
i^ofh athletic women, have high relative vol- p. 157) shows a decrease of 7 per cent in calories 
umes well within the male range, while Cases per hour between the ages of 25 and 55. A de- 
82B and 127 , men of poor muscular development crease of about 17 per cent in vital capacity dur- 

^0 mLE6 
^0FSmLB6 
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Fig. 7. Relationship of Total Blood Volume to Venous Pressure and Blood Velocity 

Rate in 90 Normal Men and Women 
No relationship to variations in these factors exists in either sex. 

and sedentary habits, have relative volumes well ing a similar age period is revealed in the studies 
below the male average. of Hutchinson (17) and Pratt (18). It seems 

The decline in total blood volume with increas- evident that the total quantity of blood in the 
ing years, amounting to about 14 per cent in normal body bears a definite relation to the oxygen 
males and 10 per cent in females between the ages requirement of the body. 

of 25 and 55 is in keeping with observations on The greater percentage decrease in volume in 
changes in basal metabolism and in vital capacity females than in males is consistent with known 
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changes in bodily condition taking place with 
advancing years, particularly in view of the tend- 
ency towards obesity occurring in women after 
the menopause. 

The selection of a basis for the determination 
of normal values for comparative purposes in 
clinical investigation presents some difficulties. 
It is apparent that the blood volume of a given 


for calculation of normal volume on the basis of 
height or surface area is shown in Figure 8. 

CONCLUSIONS 

(1) Plasma and total blood volume, venous 
pressure and blood velocity rates were determined 
in 49 normal males and 41 normal females. 

(2) No relationship exists in normal persons 


HEIGHT m CENTimT£R6 

m ISO 16S wo ms no ns wo ws wo ws 



Fig. 8. Chart fob Determining Normal Blood Volume for Men and Women on 
THE Basis of Height or Surface Area (as Computed from the Nomogram of BooTHiiy 
and Sandiford) 


individual may be predicted on the basis of height, 
weight or surface area only within wide limits. 
The average value found for males and females 
in this series does not reflect differences due to 
body size. We feel that in a group of patients, 
the average of normal values based on surface 
area in those cases exhibiting no marked dis- 
turbance in weight to height relationship, and on 
height in those cases presenting weight changes 
due to disease, offers a more useful estimate of 
normal volume than the average A'alues for the 
entire group of normals herein reported. A chart 


between variations in total blood volume, venous 
pressure and blood velocity rate. 

(3) The total blood volume of normal males 
is greater than that of females, the difference be- 
ing due to the greater red cell volume of males. 
The absolute red cell volume of females is less 
than that of males by a much greater degree than 
indicated by differences in red cell counts and 
hematocrit r'alues. 

(4) With increasing age there is a decline in 
the blood volume comparable to decreases in basal 
metabolic rates and vital capadtics. 
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(5) In comparison to average values, the ab- 
solute total blood volume is high in muscular and 
obese persons, and low in thin individuals; the 
volume per unit of body weight is high in mus- 
cular and in thin individuals and low in obese 
persons. 

(6) The blood volume of normal individuals 
varies within wide limits. The relationship to 
height or surface area offers a useful basis for 
estimation of normal volume in clinical investi- 
gation. 

We wish to acknowledge our grateful appreciation to 
Professor Henry A. Christian for advice and encourage- 
ment tendered us in this work; to the many members 
of the staff of the Peter Bent Brigham Hospital for 
their cooperation in volunteering as subjects, and to Miss 
Evelyn Berstein for valuable technical assistance. 
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In a series of investigations on the relation of 
the thyroid to calcium and phosphorus metabolism 
Aub and his coworkers (1) have demonstrated 
that increased thyroid activity is associated with 
an increased excretion of calcium and phosphorus. 
In exophthalmic goiter there is an increased out- 
put of calcium not only in the urine but in the 
feces. In normal individuals who are fed thy- 
roid there is a similar increase in calcium and 
phosphorus excretion, and in myxedema there is 
a diminished excretion which rises toward normal 
following thyroid therapy. This increase in nega- 
tive calcium and phosphorus balance is dissimilar 
to that produced by overactivity of the parathy- 
roid glands. In hyperparathyroidism the fecal 
calcium excretion is not increased in the absence 
of kidney damage (2), The blood levels of both 
calcium and phosphorus are altered in hyper- 
parathyroidism while in hyperthyroidism they are 
usually within normal limits. These workers 
have also demonstrated improvement in tetany of 
hypoparathyroid origin from thyroid medication 
with an elevation of the lowered blood calcium 
level toward that of normal (3). Careful total 
acid-base balance experiments have excluded in 
their opinion acidosis as a cause of this altered 
metabolism (4). Vitamin D deficiency has also 
been studied as a possible cause and has been 
considered excluded (5). The conclusion of 
these workers is that if the blood calcium level 
is below normal before medication an increased 
amount of the thyroid hormone releases calcium 
and phosphorus from the bones with a conse- 
quent rise of the blood calcium level and an in- 
creased excretion of both calcium and phosphorus 
by the kidney and large bowel. The usual ab- 
sence of altered blood levels of both calcium and 
phosphorus, together with the increased fecal cal- 
cium excretion, lead them to believe that in hyper- 


thyroidism a concomitant overactivity of the para- 
thyroid glands is not present. These conclusions 
have recently been challenged by Hansman and 
Wilson (6) in a series of studies on patients rvith 
hyperthyroidism, two of whom also had postopera- 
tive hypoparathyroidism. These Australian work- 
ers believe that in thyrotoxicosis there is an asso- 
ciated overactivity of the parathyroid glands and 
that the alterations in calcium and phosphorus 
metabolism are directly due to the excessive para- 
thyroid secretion. 

The appearance of a patient in the Thyroid 
Clinic with postoperative parathyroid tetany and 
a recrudescence of her exophthalmic goiter pre- 
sented us with an unusual opportunity to study 
the interrelation of the thyroid and parathyroid 
glands in their control of calcium and phosphorus 
metabolism. 

METHODS 

The metabolic studies of calcium and phosphorus were 
carried out in periods of three days each, according to 
the routine developed on the metabolism ward of this 
hospital by Bauer and Aub (7). Both the dietary and 
fluid intake were identical for all seven periods except 
that extra sugar was allowed the patient in Periods V 
to VII. The diet was neutral in its acid-base contents. 
The constituents were not actually analyzed but were 
calculated from previous analyses of standard foodstuffs 
used on the metabolism ward. The calcium and phos- 
phorus in both blood serum and the excreta were deter- 
mined by the Fiske methods (8, 9). In order to avoid 
an increase in inorganic phosphate from organic phos- 
phate (10), the blood for all phosphorus determinations 
was taken under oil and the determinations started im- 
mediately. Magnesium was determined by a modification 
of the Handy method (11). Phosphatase is recorded 
in Bodansky units (12). The remaining determiaations 
were made by standard laboratory procedures. The blood 
chloride and carbon dioxide determinations were made 
on arterial blood taken under oil. 

SUMMARY or nlSTORY 

The observations were carried out on E. M. G., an un- 
married woman of twenty-seven. (A complete protocol 
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of the history and findings on this patient is appended 
and reference should be made to it for details.) She 
first came to the Clinic in September 1932 with typical 
hyperthyroidism of moderate severity. Immediately fol- 
lowing subtotal thyroidectomy, tetany of parathyroid 
origin appeared. During the next two and one-half 
years mild tetany continued to be almost completely con- 
trolled by calcium lactate ingestion. A recrudescence of 
thyrotoxicosis was established in April 1933, and from 
that time until December 1934 the thyroid activity was 
held within normal limits by iodine. In order to help 
control the mild chronic tetany, iodine was discontinued 
in December 1934 and her metabolic rate slowly rose 
to -h 3S over a period of four months. At the end of this 
rise, it was noted that her tetany had disappeared and 
calcium medication was omitted. Regrowth of thyroid 
tissue and increase of thyrotoxicosis continued to occur 
luitil on September 26, 1935, her metabolic rate had 
reached -1- 61 and a full-blown recrudescence of thyro- 
toxicosis, including exophthalmos, was apparent. At this 
time she first came under the observation of the authors. 
It was realized that control of the thyrotoxicosis with 
iodine was likely to cause an abrupt reappearance of 
parathyroid tetany. At this point, therefore, calcium 
and phosphorus studies were started, which will be con- 
sidered in detail. 

Figure 1 shows the changes in metabolic rate during 
the period of observation by the authors, together with 
the blood serum calcium and phosphorus and the clinical 
degree of tetany. At the height of the recrudescence 
of thyrotoxicosis on October 2, 1935, the serum calcium 
was 9.6 mgm. and serum phosphorus 4.2 mgm. Clinical 
signs of tetany were absent. Iodine was started on this 
date with a fall in metabolic rate to -f- 10 on October 
10th, and — 15 on October 24th. Completely relieved 
of her symptoms of thyrotoxicosis and feeling unusually 
well, on October 20th an attack of tetany suddenly ap- 
peared. For the next two weeks, until her entry into the 
hospital, daily attacks of mild tetany occurred in spite 
of high calcium medication with viosterol. 

On November 6, 1935, the patient entered the metab- 
olism ward for the first series of observations. The 
thyrotoxicosis was under complete control with iodine 
by mouth. Potassium iodide, 1 gram, was given daily. 
Four days before entry, she acquired an acute upper 
respiratory infection. With the infection she noticed 
increased tetanic spasms, and, on the day of entry, she 
was having active tetany. 

In spite of the tetany she was placed on the standard 
low calcium diet for five days preceding the first day 
of observation. Intravenous and intramuscular calcium 
gluconate was given in sufficient quantities to control the 
tetany. Active tetany disappeared coincidently with the 
bronchitis and upper respiratory infection, and calcium 
gluconate was discontinued after the first day of the 
first period. 

During the fifteen days covering the lime of the four 
periods obsen-ed during the iodine induced remission, the 
patient continued to have more or less constant numb- 


ness and tingling of the extremities. There were occa- 
sional cramps involving the small muscles of the thumbs 
and also the feet. The Chvostek and Trousseau signs 
were positive throughout. 

Following these first four periods iodine was discon- 
tinued, and the patient was allowed to go home on a 
low calcium diet. The metabolic rate was observed 
weekly. The thyrotoxicosis recurred promptly. When 
the metabolic rate was above 30 the patient developed 
another acute respiratory infection which apparently in- 
itiated a spontaneous remission. In two weeks the meta- 
bolic rate dropped nearly to normal. There was no evi- 
dence that the patient had received iodine in any form. 
The patient was very cooperative and intelligent and 
ate only those things allowed in her diet. A study of 
the only medication taken on her own initiative showed 
it to contain no iodine. Following this unusual remission 
the metabolic rate again rose over a period of three weeks 
to 37 on January 29, 1936. On this day she was again 
admitted to the metabolism ward where, after a pre- 
liminary four days under standard conditions, three three- 
day periods were observed. 

No iodine was given during this entry. Daily deter- 
minations showed a metabolic rate continuously 20 per 
cent above normal. Signs and symptoms of thyrotoxi- 
cosis were present. Although she had occasional sensa- 
tions of numbness, there was no active tetany similar 
to that observed during the period of observation under 
iodine control. The Trousseau sign throughout was 
negative, but of note was a continuously positive Chvos- 
tek. The electrical reactions still showed the diminished 
threshold consistent with tetany. 

After the metabolic studies were complete, iodine was 
again given. A prompt fall in metabolic rate to just 
below normal, typical of an iodine remission, proved the 
existence of true thyroto.xicosis. Mild tetany reappeared. 
Subsequently, the tetany has been controlled with large 
doses of viosterol and a high calcium, low phosphorus 
diet. The metabolic rate has remained within normal 
limits, the patient receiving iodine daily. 

OBSERVATIONS 

Calcium and phosphorus metabolism. Figure 
2 shows graphically the metabolic balances of 
calcium and phosphorus. The metabolic rate and 
the blood serum levels of calcium and phosphorus 
for each period are git'en. Table I gives the 
actual figures for the intake and excretion of 
calcium and phosphorus, together with the meta- 
bolic rate and the excretion of nitrogen and 
potassium. In the first four periods positive 
balances of calcium and phosphorus were found. 
On this standard diet a slightly negative balance 
of both calcium and phosphorus is observed in 
normal individuals (13). The urinarj" c.xcrction 
of caldum in the nonnal controls averages 170 
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Fig. 2. Calcium and Phosphorus Balances, to- 
gether WITH Metabolic Rate, Blood Serum Calcium 
and Phosphorus Values for Each Period. 


mgm. and the fecal excretion 350 mgm. In the 
controls in nitrogen equilibrium, the negative 
phosphorus balance is about half that of the cal- 
cium. The positive balance of both calcium and 
phosphorus observed in this patient during the 
iodine induced remission is characteristic of de- 
creased parathyroid function. This was to be 
expected since the thyrotoxicosis was completely 
controlled and active tetany was present. It is 
interesting that the actual excretions in Period I 
were as low as in the succeeding three periods in 
spite of the parenterally administered calcium 
gluconate used to control the tetany. 


The last three Periods, V, VI and VII, ob- 
served during the recrudescence of thyrotoxicosis, 
show abnormally liigh negative calcium and phos- 
phorus balances. With the same intake of cal- 
cium, the total excretion was nearly double that 
seen in nonnal controls and represents an in- 
crease of 247 per cent over the previous periods. 
,0 This increase in calcium excretion took place both 
f in the urine and feces. Although the percentage 
® I increase in both was about the same, the actual 
increase was much greater in the feces. The 
fecal excretion was also nearly double the dietary 
intake of calcium and it is obvious, therefore, that 
a true intestinal excretion occurred. 

The increased excretion of phosphorus in the 
last three periods was more than would be ex- 
pected from the increase in calcium excretion 
alone. A negative balance of calcium indicates 
withdrawal of calcium from the body stores. 
Since the only available store is in the bones (14), 
where it is deposited as phosphate and carbonate, 
release of calcium should be accompanied by a 
proportionate release of phosphate. If apatite 
(15) is taken as the bone salt, the calcium to 
phosphorus ratio is 2.26, and the increased cal- 
cium excretion would, therefore, account for 290 
mgm. of the 1057 mgm. average increase observed 
in phosphorus excretion per period. 

The remainder of the increase in phosphorus 
excretion found during thyrotoxicosis is quanti- 
tatively accounted for by the increased nitrogen 
excretion of 12.0 grams per period. The dietary 
intake was identical for all seven periods, except 
that during the three of increased metabolic rate, 
sugar and sugar candy in excess of the weighed 
diet were allowed the patient in the hope of meet- 
ing the increased caloric requirement. Although 
the weight of the patient was essentially main- 
tained during the last three periods, the above 
increase in urinary nitrogen occurred. That this 
nitrogen increase was at the expense of body 
cellular protein is confirmed by the increase in 
potassium excretion. As with the withdrawal of 
calcium from bone, so the breakdown of body 
protein is accompanied by release of phosphorus 
as well as nitrogen. From the ratio N/P = 17.4, 
derived from Benedict’s fasting man (16), the 
nitrogen equivalent of the increased phosphorus 
excretion equals 689 mgm. This nitrogen equiva- 
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table I 

Metabolic data ( Values in grams per three day period) 


Period 

Medication 

Phosphorus 

Calcium 

Nitro- 

gen 

Potassium 

Average 

B.M.R. 

Aver- 

age 

■weight 

Intake 

Output 

Balance 

Intake 

Output 

Balance 

Urinary 

excre- 

tion 

Output 

Urine 

Feces 

Urine 

Feces 

Urine 

Feces 



grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

■per cent 

ksm. 

I 

3 grams K.I. 

1.788 

1.396 

.385 

+ .007 

m i iliS 

.121 

.146 

+.033 

20.2 

5.114 

.702 

- 4 

57.4 

II 

3 grams K.I. 

1.788 

1.366 

.323 

+ .099 

1 E llll 

■IBBl 

.164 


19.6 

5.114 

.508 

- 8 

57.9 

III 

3 grams K.I. 

1.788 

1.36S 

.334 

+ .089 

1 E JljJ 

.118 

.118 

+.064 

20.2 

5.083 

.626 

- 8 

58.3 

IV 

3 grams K.I. 

1.788 

1.118 

.385 

-i- .285 

W^jm 

.147 

.136 

+.017 

17.5 

4.500 

1.095 

-11 

57.8 

Average 

3 grams K.I. 

1.788 

1.311 

.357 

+ .120 

.300 

.124 

.141 

+.035 

19.4 

4.953 

.733 

- 8 

57.9 


0 

1.788 

2.280 

.740 

-1.232 

.300 

.304 

.555 

-.559 

32.7 


1.330 

+23 

54.7 


0 

1.788 

2.030 

.751 

- .993 

.300 

.430 

.550 

-.680 

32.3 

5.895 

1.130 

+28 

53.9 


0 

1.788 

1.737 

.636 

- .585 

.300 

.460 

.465 

-.625 

^9.1 

5.395 

1.210 

+20 

54.0 

Average 

0 

1.788 


.709 

- .937 


.398 

.523 

-.621 

31.4 

6.109 

1.223 

+24 

54.2 


* This figure represents only the total dietary intake. On the first day of this period 1 gram of calcium gluconate was 
given intramuscularly which was not included in this total. The actual positive balance for the first period was therefore 
greater than recorded. 


lent together with the calcium equivalent leaves 
but 78 mgm. of the increase in phosphorus excre- 
tion unaccounted for. This discrepancy is well 
within the limit of error in a balance experiment. 

It is interesting that in this patient the in- 
creased phosphorus excretion during thyrotoxi- 
cosis occurred in the feces as well as in the urine. 
In all the patients studied by Aub et al. with 
either primary thyrotoxicosis or that induced by 
thyroid extract, the increased excretion of phos- 
phorus was limited to the urine. 

Levels of calcium and phosphorus in the blood 
serum. In Figure 1 it will be observed that the 
blood serum calcium level was in general higher 
when hyperthyroidism existed than when a normal 
metabolism had been induced by iodine. Al- 
though the curves of the blood calcium level and 
the metabolic rate are parallel throughout, the 
blood calcium rose and fell nearly two weeks 
after the corresponding changes in metabolic rate. 
A similar delay in change of the serum calcium 
level behind the metabolic rate was noted by Aub, 
Albright, Bauer, and Rossmeisl (3) in the second 
of the two patients with hypoparathyrodism 
treated with thyroxin. At the end of October 
the delayed fall in blood calcium was in all proba- 
bility influenced by the high calcium medications 
given during active tetany and perhaps also by 
the respiratory infection. Until the end of Janu- 


ary 1936, the phosphorus changed inversely to 
the serum calcium and metabolic rate. During 
the period of thyrotoxicosis, however, the serum 
phosphorus rose slightly, parallel to the blood cal- 
cium. It is doubtful that the excretion of cal- 
cium is dependent upon the total serum calcium 
level since in Periods I to IV the excretion of 
calcium is essentially the same while the blood 
levels varied from 8.0 to 6.4 mgm. The in- 
creased excretion in Periods V to VII occurred 
with a serum calcium level from 8.0 to 8.6 mgm. 
The average blood phosphorus level for the first 
four periods was 4.5 mgm. and for the last three, 
4.7 mgm. It is equally doubtful that the change 
in phosphorus excretion could be dependent upon 
this minor change in the serum phosphate level. 

Tetany. At the base of Figure 1 the amount 
of clinical tetany is shown graphically. 

Tetany of parath 3 'roid origin may be divided 
into active and latent. In this patient the tetan}' 
was not severe and active tetany on the chart 
represents merely moderate though painful 
spasms. Latent tetanj' is subdivided into three 
categories according to severity. These are based 
on observation of the 35 cases of hj’perparatlty- 
roidism operated upon at this hospital as well as 
cases of tetanj’ observed following tln-roid 
operation. 

In the week immediatelj’ preceding Period I, 
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when active tetany occurred, the blood calcium 
was above 8.0 mgm. During the first three pe- 
riods, as the tetany improved, the blood calcium 
level fell, and when the lowest blood calcium level 
was reached at 6.4 mgm. in Period III, active 
tetany and paresthesias had disappeared, only 
positive Trousseau and Chvostek signs being pres- 
ent. This improvement in tetany with a concur- 
rent fall in blood serum calcium is the reverse 
of what usually happens in tetany of parathyro- 
privic origin. 

It is currently believed that the tetany asso- 
ciated with diminished parathyroid function is 
due to a lowered level of the dissociated or ionic 
calcium of the blood serum and not to any altera- 
tion in amount of the protein bound fraction. 
Direct serum calcium partitions were not done 
on this patient. In normal individuals indirect 
evidence of the calcium partition can be obtained 
from the concentration of serum protein to Avhich 
the undissociated calcium is bound quantitatively 
and from the level of the spinal fluid calcium 
which is believed to represent the filtrable or 
ionized equivalent of the blood serum. Sufficient 
determinations of serum protein and spinal fluid 
calcium were not made to explain the paradoxical 
relation of total serum calcium to degree of tetany. 
It will be observed from the figures in Table II 
that during the period of iodine induced remis- 
sion, when the tetany was more active, the serum 
protein was slightly more elevated and the spinal 
fluid calcium was 1,4 mgm, lower than during 
thyrotoxicosis. 

It is probable that the tetany was influenced by 
the upper respiratory infection since the active 
tetany disappeared at the same time as the signs 
of infection, A similar increase in the severity 
of tetany of parathyroid origin, induced by an 
acute upper respiratory infection, has been no- 
ticed in the series of cases of hyperparathyroidism 
from this hospital (17). In one of the two cases 
of hypoparathyroidism observed by Aub et al. 
(3), acidosis produced by ammonium chloride 
improved the tetany. An acidosis however was 
not found in our patient during the active tetany. 
The arterial blood carbon dioxide combining 
power and content, serum chloride and sodium, 
taken during active tetany, showed no significant 
changes. In order to exclude tetany due to over- 


ventilation, rebreathing was tried during active 
spasms. No noticeable effect was obtained. 

Throughout this study tetany became less in- 
tense with an increase of thyroid activity. This 
improvement was consistent with the slight eleva- 
tion of the blood calcium during the thyrotoxic 
state. It is important to note that except at the 
very beginning of our observations some degree 
of tetany was always present. From the first 
appearance of tetany following iodine adminis- 
tration, the Chvostek sign was continuously pres- 
ent, even during the recrudescence of thyrotoxi- 
cosis. The patient had no tetany when the 
metabolic rate was -f 45 to 61 and the general 
clinical picture of thyrotoxicosis was moderately 
severe. Wlien the metabolic observations were 
made during the reappearance of thyrotoxicosis, 
not only was the metabolic rate lower than when 
tetany was absent, but the clinical signs and symp- 
toms of the thyroid disease were milder. During 
Periods V to VII, had the degree of thyrotoxicosis 
been more severe, it is probable that tetany might 
have been completely absent and the blood calcium 
been further elevated. It is fortunate that the 
clinical signs of tetany were not completely elimi- 
nated by a more active hyperthyroidism since the 
presence of tetany gives a clue to the degree of 
function of the parathyroid glands and excludes 
the parathyroids as the source of the metabolic 
changes found. 

The probability that tetany of hypoparathyroid 
origin was latent throughout both groups of ob- 
servations depends not merely upon the clinical 
signs but also on the electrical threshold reac- 
tions. On November 12, 1935, Period I, 1 mil- 
liampere was required on closing for face and 
eyelid muscles and 2 milliamperes for the extensor 
digitorum communis. Opening currents were 3 
and 4 milliamperes respectively. Two normal 
controls checked at the same time required an 
average of double this amount. On March 4, 
1936, when the metabolic rate was -f- 25, the 
responses of the face and forearm muscles were 
obtained with currents actually somewhat lower 
than at the previous observations. 

DISCUSSION 

The studies of the calcium and phosphorus bal- 
ance made on this patient confirm the findings of 

















































336 


OLIVER COPE AND GORDON A. DONALDSON 


Aub and his coworkers. The marked increase 
in calcium and phosphorus excretion to above 
normal, occurring during the time of increased 
metabolic rate with signs of thyrotoxicosis and 
continued tetan}'-, lends substantial support to the 
belief that the increased excretion in hyperthy- 
roidism is not due to a concomitant ovcractivity 
of the parathyroid glands. It is probable that 
the parathyroid function was still somewhat below 
normal although the tetany was improved and 
the serum calcium level slightly raised toward 
normal by the increased thyroid function. A 
positive Chvostek sign and diminished electrical 
threshold response are not proof of hypopara- 
thyroidism. It is, however, unlikely since the 
blood serum calcium was still below normal that 
any overactivity of the parathyroids occurred. 
This rise in blood calcium and improvement in 
tetany was observed by Aub et al. (3) upon giving 
thyroid extract to patients with hypoparathy- 
roidism. 

Thyroid extract does not duplicate the disease 
of hyperthyroidism. Whatever the stimulus is 
which produces thyroid hyperplasia and increased 
excretion of the thyroid hormone, be it the an- 
terior pituitary or excessive cervical sympathetic 
stimulation directly to the thyroid, this stimulus 
probably is not set in motion when thyroid ex- 
tract or th3'^roxin is administered. It is possible 
that the same stimulus which causes overactivity 
of the thyroid gland in hyperthyroidism might 
cause overactivity of the parathyroids. Admin- 
istration of thyroid extract or thyroxin is essen- 
tially a replacement therapy of the thyroid alone 
and would not necessarily stimulate parathyroid 
secretion. In the patient reported in this study 
the increased metabolism occurred from endo- 
genous thyroid hormone. The production of the 
increased thyroid activity was caused by the stimu- 
lus of the disease. If the parathyroid glands are 
stimulated to overactivity by the disease stimu- 
lus in hyperthyroidism, increased activity of the 
parathyroid glands should have occurred in this 
patient. It is possible that slight increase in 
activity of the remaining parathyroid tissue did 
occur, but if it did, the total parathyroid activity 
was in all probability still below normal since 
tetany and a subnormal blood calcium persisted. 
Any change in the calcium^ and phosphorus me- 


tabolism due to change in the parathyroid activity 
would still have been, therefore, in the range of 
hypoparathyroidism. The shift of the excretions 
to amounts well above normal which did occur 
with the recrudescence of the hyperthyroidism, 
the blood calcium remaining below normal, is 
certainly not characteristic of hyperparathyroid- 
ism, and the contentions of Hansman and Wilson 
(6) are not upheld. 

It is still not proven that the entire inorganic 
metabolic change is due to the altered thyroid 
activity since the stimulus of the disease in itself 
might be responsible for part. If the pituitary 
were primarily responsible for hyperthyroidism, 
as is currently held by some workers, the in- 
creased negative balances of calcium and phos- 
phorus might be due directly to increased anterior 
pituitary secretion. 

Aub (18) has recently shown that pituitary 
basopliilism with osteoporosis is associated with 
an increased output of calcium and phosphorus in 
the urine. This abnormal excretion returns to 
normal following x-ray treatment of the pituitary 
with relief of the disease. He found no increase 
in the fecal excretion. Aub (19) has studied 
cases of acromegaly in which he found an in- 
creased negative calcium and phosphorus balance, 
the abnormal excretion being almost entirely 
limited to the urine. Calcium and phosphorus 
metabolism of a patient with adrenal cortical car- 
cinoma simulating pituitary basophilism has been 
studied in this hospital by Albright (20). As in 
the pituitary diseases, an increased excretion of 
calcium and phosphorus in the urine but not in 
the feces was found. In cases both of pituitary 
basophilism and of adrenal cortical carcinoma the 
metabolic rate was below normal. The cause of 
the abnormal excretion was, therefore, probably 
not increased thyroid activity. In acromegaly 
there is at times increased thyroid activity, and 
this might in part explain the abnormal excre- 
tion in that disease. The occurrence of abnormal 
calcium and phosphorus metabolism associated not 
only with overactivity of the parathyroid glands 
but also of the thyroid, anterior pituitary and 
adrenal cortex, suggests that calcium metabolism 
like carbohydrate metabolism is influenced by a 
balance between various endocrine glands. 

As the knowledge of the parathyroid glands 
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developed it became almost an assumption that 
their function was the control of calcium within 
the body. The first challenge of this assumption 
was the demonstration by Aub and his coworkers 
of the profound effect upon calcium and phos- 
phorus produced by changes in thyroid function. 
The specific roles of the various hormones af- 
fecting calcium or phosphorus are doubtless dif- 
ferent even though the effect upon the total 
metabolic change may be the same. To date, 
only two outstanding differences in the function 
of these glands have been demonstrated. The 
first is the control of the blood levels of calcium 
and phosphorus by parathyroid activity. The 
second is the increased fecal excretion in hyper- 
thyroidism. Only in hyperparathyroidism with 
marked renal damage is a similar increase in the 
excretion of calcium found in the feces. In this 
condition, the kidney apparently is no longer able 
to take care of the abnormal outflow of calcium, 
and the assumption by the bowel of this task 
represents an abnormality of the disease itself. 
The demonstration of an abnormal balance of 
calcium or phosphorus no longer points, there- 
fore, to one specific disease entity. 

In the patient reported in this paper an in- 
creased phosphorus excretion as well as that of 
calcium, demonstrated during active hyperthy- 
roidism, has been found in the feces for the first 
time. Its meaning or significance is not evident. 

SUMMARY 

A study of the calcium and phosphorus metab- 
olism has been made in a patient suffering from 
recurrent thyrotoxicosis and postoperative para- 
thyroid tetany. When the metabolic rate was 
maintained within normal limits with iodine medi- 
cation the calcium and phosphorus metabolic bal- 
ances were characteristic of parathyroid tetany. 
During hyperthyroidism a marked increase in the 
negative balance of calcium and phosphorus be- 
yond normal limits was found even though signs 
of diminished parathyroid activity continued. 

Increased thyroid activity was followed by a 
rise of the subnormal blood serum calcium level 
toward that of normal and a decrease in the 
signs of tetany. The reverse occurred with a 
decrease in thyroid function. 

An acute upper respiratory infection was as- 


sociated with an increase in the amount of clinical 
tetany and also with a spontaneous remission of 
the thyrotoxicosis. 

Because of the probably continued subnormal 
activity of the parathyroid glands it is concluded 
that the changes of calcium and phosphorus me- 
tabolism were due to the changes in thyroid func- 
tion. Further support is given to the belief that 
the changes in calcium metabolism previously 
reported in hyperthyroidism are not due to a 
concomitant overactivity of the parathyroid 
glands. 

A discussion of the relation of the parathyroid, 
thyroid, anterior pituitary and adrenal cortical 
glands in calcium metabolism is given. 

PROTOCOL 

E. M. G., female, age 23, M. G. H. number 323612, 
metabolism number 10759, entered the hospital August 
31, 1932, complaining of painless swelling of the neck 
of one month’s duration. During the past year she 
had noted slight, gradually increasing nervousness. 
Huskiness and occasional cough had been noted for two 
months. One month before entry patient had had onset 
of slight dyspnea on exertion but no palpitation. She 
had been told her eyes were stary. She had always per- 
spired a good deal; warm weather was well tolerated. 
She had noted no tremor. 

Four years ago following tonsillectomy patient no- 
ticed a swelling of her neck which disappeared without 
treatment. Two years ago and again one year ago 
antrum had been operated upon. Since second antrum 
operation she had gained 18 pounds in weight. There 
have been occasional morning headaches and regular 
nocturia of one time. Catamenia was regular. Poor 
financial situation, otherwise past and family histories 
were non-contributory. 

Examination showed an alert young woman with warm 
moist skin; no eye prominence or lid lag but definite 
stare. Thyroid was large, uniform, soft, with both 
thrill and bruit. There was slight tremor of extended 
fingers, heart was normal and blood pressure 150/80. 

Examinations of blood, urine and stool were essentially 
negative. 

X-ray of chest showed shadow of thyroid extending 
downward beneath manubrium; trachea not displaced or 
narrowed. Lung markings were prominent with no evi- 
dence of consolidation ; heart shadow was not remarkable. 

Basal metabolic rate on entrj’ was -f- SO per cent, drop- 
ping on rest alone to -f- 39 and + 35. Weight was SS.7 
kgm. After iodine the rate dropped to -b 3 by Sep- 
tember lOth. 

September 12, 1932, subtotal thyroidectomy was per- 
formed. A radical excision is recorded. Pathological 
report: marked hyperplasia of the epithelial elements; 
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unusually little lymphoid infiltration and no definite evi- 
dence of involution. Tissue weighed 95 grams. 

Two days after operation carpopedal spasm and par- 
esthesias appeared. Chvostek and Trousseau signs were 
positive. The following morning serum calcium was 6.3 
mgm., scrum phosphorus 4.2 mgm. A high calcium in- 
take was started. Signs of active tetany were absent 
two daj's later. Trousseau and Clivostck signs remained 
positive. On ninth postoperative day metabolic rate was 
— 16. Patient was discharged from Jiospital September 
22, 1932; diagnosis, exopbthalmic goiter; complication, 
tetany. 

pollozv-up observations 

In the interval from October 26, 1932, to September 
26, 1935, the patient made the following sixteen visits 
to the Outpatient Thyroid Clinic: 

October 26, 1932, B. M. R. was 5, Chvostek plus. 
Trousseau plus, serum calcium 7.7 mgm., and serum 
phosphorus 4.2 mgm. Patient was placed on calcium 
lactate by mouth. 

December 8, 1932, B. M. R. was — 7. There were oc- 
casional paresthesias and cramps in the right arm; 
Chvostek and Trousseau were negative. 

February 9, 1933, B. M. R. was -f- 8. Patient was 
still having cramps and paresthesias in spite of calcium 
lactate. Pyramidal lobe and small irregular lump in re- 
gion of left thyroid lobe were palpable. Serum calcium 
was 8.3 mgm., and serum phosphorus 3.5 mgm. 

April 20, 1933, B. M. R. was + 17. Patient was still 
taking calcium lactate. There were no symptoms of 
tetany, Chvostek was positive. Lugol’s, minims 3 daily, 
was started. 

June 22, 1933, B. M. R. was — 14 ; weight 58.7 kgm. 

September 14, 1933, B, M. R. was -k 1. Patient was 
still taking calcium lactate and Lugol’s. 

December 14, 1933, B. M. R. was + 10, serum calcium 
8.7 mgm., and serum phosphorus 3.4 mgm. 

March 15, 1934, B. M. R. was -f 20. 

June 14, 1934, B. M. R. was -f 9. Patient complains 
of recurrent nervousness, occasional numbness of left 
hand. Chvostek was negative and Trousseau strongly 
positive in two minutes. Iodine was increased, calcium 
lactate continued. 

September 13, 1934, B. M. R. was —12, weight 53.5 
kgm. Patient was less nervous with no symptoms of 
tetany. Chvostek and Trousseau were negative. Thy- 
roid nodule on left was recorded as 3 X 3 cm,, on right 
1X1 cm. with 0.5 cm. pyramidal lobe. There was 
slight exophthalmos and no lid lag. 

December 13, 1934, B. M. R. was -f- 6. Only 1 to 2 
drops of potassium iodide a week had been taken since 
last visit; calcium was continued. 

February 14, 1935, B. M. R. was -f-26, weight 56.0 
kgm. No iodine had been taken since last visit; patient 
has continued taking calcium lactate. Chvostek and 
Trousseau were negative. Impression, tetany free, re- 
current toxicity ; omit calcium. 

March 14, 1935, B. M. R. was -f 36. 

April 11, 1935, B. M. R. was + 22. Tetany free. 


May 23, 1935, B. M. R. was -f 39. Patient was in- 
creasingly nervous, Chvostek and Trousseau were nega- 
tive. 

July 25, 1935, B. M, R. was -}-26, weight 51.6 kgm. 

September 26, 1935, B. M. R, was -}- 61, pulse 126, 
w'eight 56.1 kgm. At this visit the patient was seen for 
the first time by the authors. She was definitely jumpy, 
ovcractivc, and presented the picture of full-blown thy- 
rotoxicosis, There was definite tremor. In contrast to 
the time of operation there was now a moderate but 
definite exophthalmos with no lid lag, a normal conver- 
gence, but a definite stare. A regrowth of thyroid tissue 
on both sides, more marked at the left upper pole, was 
evident. Chvostek and Trousseau signs were negative. 

October 2, 1935, B. M, R, was -f- 45, serum calcium 

9.6 mgm., and scrum phosphorus 4.2 mgm. Patient was 
started on iodine. 

October 10, 1935, B, M. R. was -f- 10, pulse 96. 

October 24, 1935, B. M, R. was — 15, pulse 60. One 

week ago patient was feeling wonderfully. She had not 
realized how nervous she had been; felt much quieter 
now. Four days ago she had had a sudden attack of 
tetany preceded by headache and has had an attack of 
carpopedal spasm every day since. Examination showed 
a definite change in the general picture since iodine medi- 
cation. Patient was quiet and reposed, tremor was much 
diminished, Chvostek moderately positive. Trousseau posi- 
tive at 1' 40", serum calcium 8.2 mgm. and serum phos- 
phorus 4.2 mgm. 

Second admission 

Patient was admitted to the metabolism ward for study 
on November 6, 1935. Four days before entry she had 
contracted a cold which “ settled " in her chest. There 
has been a productive cough with chest pain. In addi- 
tion to points already covered in notes from the outpatient 
clinic, her history contains the following items. 

She has been subject to head colds, last and most se- 
vere of which occurred in May 1935. At this time she 
had a temperature of 103° F. and was in bed for six 
days. Following this she was quite run down. She 
has had increasing headaches of late; generalized, never 
severe, averaging about two a week for the last 2 
months, and having also preceded the recent attacks of 
tetany. During the past 5 months, there have been occa- 
sional attacks of blurred vision lasting about ten min- 
utes; no diploplia. Shortness of breath, complained of 
in first admission, has been noticed again recently; no 
palpitation. On two occasions recently she has been 
awakened at night by a sense of suffocation which has 
passed off rapidly. There was no edema and only occa- 
sional nocturia. Catamenia was regular with no change 
in flow or molimina. Memory was good. Lately patient 
has had to restrain herself from becoming irritated with 
her family. 

Dietary history. Patient has always liked milk and 
for past year has averaged quarts a day, a moderate 
amount of butter, cheese once a week, and occasionally 
nuts. She eats green vegetables and fruit daily. 

Physical examination. Patient was a well developed. 
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well nourished, composed woman with moderate exoph- 
thalmos with stare, no lid lag, and slight fine tremor. 
There was a thyroidectomy scar with thyroid tissue defi- 
nitely palpable. Right lobe measured 3X3X2 cm. 
At left upper pole there was a rounded mass, 3 cm. in 
diameter. The body of left lobe was slightly enlarged. 
No thrill or bruit was present. There were coarse rales 
at left base posteriorly consistent with bronchitis. On 
dorsum of hands between first and second metacarpals 
thefe were fibrillary twitchings; no muscular twitchings 
were seen elsewhere. Chvostek 2 Trousseau positive 
at 45", associated with considerable pain. No lens opaci- 
ties were visible. Impression: hypoparathyroidism; io- 
dine remission of thyrotoxicosis ; acute upper respiratory 
infection with bronchitis. 

November 7, 1935, patient had an attack of tetany 
with carpopedal spasm and spasm of small muscles of 
feet. Calcium gluconate, 1 gram, was given intrave- 
nously and 2 grams more intramuscularly. Tetany con- 
tinued until after the third injection. 

November 8, 1935, tetany recurred; patient was 
slightly apprehensive and uncooperative, suggesting 
mental change of tetany. Calcium gluconate, 2 grams, 
was injected intramuscularly with relief of spasm. Pa- 
tient’s coughing was still present. 

On November 9, 10, and 11, daily attacks of tetany 
were relieved with 1 gram calcium gluconate intra- 
muscularly. Mental outlook was improved. 

November 12, 1935, electrical reactions taken by Dr. 
Robert Schwab showed SO per cent lowered electrical 
threshold during latent tetany. Active tetany occurred 
later with cramps in arms and calf muscles, paresthesias. 
Chvostek continued strongly positive. Calcium gluconate, 
2 grams, was injected intramuscularly with subsequent 
relief. The first period was started November 12, 1935. 

November 13, 1935, upper respiratory infection had 
subsided and chest was clear. Chvostek and Trousseau 
signs remained strongly positive but there was no active 
tetany; patient was more cheerful. No further calcium 
gluconate was administered. 

From November 14 to 27 patient spent most of her 
time in bed but was allowed up for short periods. She 
had no further active tetanic spasms but from time to 
time had paresthesias and some pain in small muscles 
of feet. Chvostek and Trousseau signs remained positive 
throughout. 

X-rays, November 26, 1935 : density of bones of hands 
and forearms normal, normal trabeculation ; skull showed 
some calcification in dura at the vertex; bones of spine 
and pelvis showed nothing unusual. 

November 27, discharged home. Patient was still hav- 
ing mild paresthesias in both hands and feet but no defi- 
nite tetanic spasms. No signs of thyrotoxicosis were 
present except residual exophthalmos and palpable goiter. 
Iodine was omitted in order to allow thyrotoxicosis to 
reappear. A low calcium intake was to be continued. 

Observations in Oull>aticnl Metabolism Clinic 
December 4, 1935, B. M. R. was — 6, pulse 66, weight 
57.7 kgm. 


December 11, B. M. R. was +21, pulse 96. Patient 
was still having occasional cramps in feet; both hands 
felt tight yesterday, no numbness or tingling; occasional 
palpitation; no nervousness or excitement. Serum cal- 
cium was 7.6 mgm., serum phosphorus 4.7 mgm., and 
serum phosphatase 6.0 units. 

December 18, B. M. R. was +33, pulse 114. Cramps 
in feet have continued. She had been active a whole 
week and felt fidgety. There was definite increase in 
perspiration ; she was hungry and eating ravenously. 
Chvostek was present but diminished; Trousseau could 
not be obtained in two minutes. Her hands were clammy 
with increased tremor. There was definite lid lag, and 
forehead did not wrinkle. Thyroid remained the same 
size; bruit and thrill were present over nodule on left 
side. 

December 26, 1935, B, M. R. was +25, pulse 126, 
weight 54.1 kgm. Five days ago patient contracted a 
“cold” with cough and chest pain for last two days. 
There was no further tetany or tingling; no further 
blurring of vision; Chvostek faint. Serum calcium was 

9.0 mgm., serum phosphorus 4.2 mgm., and phosphatase 

5.0 units. She is continuing on a low calcium diet. 

January 2, 1935, B. M. R. was +3, pulse 78. Upper 

respiratory infection has been relieved. There was no 
nervousness or sweating. Appetite was as good as ever. 
The only medication has been vaporub; no foods have 
been eaten which might have contained iodine. Faint 
Chvostek was present on right side only, no Trousseau 
after 1% minutes. 

January 8, 1936, B. M. R. was + 1, pulse 60; there 
was definite decrease in appetite. Patient menstruated 
for first time in 8 weeks. Serum calcium was 8.2 mgm., 
phosphorus 4.4 mgm., and phosphatase 4.7 units. 

January IS, B. M. R. was + 7, Chvostek positive, and 
Trousseau negative. 

January 22, B. M. R. was + 19, pulse 78, weight 55.3 
kgm. Patient was still having cramps in forearms, 
fingers and feet, was occasionally dizzy, and feels 
" touchy." Her appetite was excellent. Chvostek was 
+ 2. Trousseau positive in 45". Serum calcium was 

7.0 mgm,, phosphorus 4.3 mgm., and phosphatase 4.9 units. 

January 29, B. M. R. was + 37. 

Third hospital admission 

Patient was admitted to the metabolism ward for 
study on January 29, 1936. Since discharge from hos- 
pital nine weeks ago she had cooperated well in adhering 
to a low calcium diet with intake of between 200 and 
300 mgm. per day. She had taken no iodine since the 
last visit and has now completely recovered from the 
upper respiratory infection contracted five weeks ago. 
At this admission patient complained of some irritability 
and nervousness which have appeared during the p.ist 
week. She had not been bothered by cold weather and 
had slept well. There had been a return of her ravenous 
appetite; one attack of diarrhea four days ago. Two 
weeks ago she had had one attack of blurred vision 
lasting a few minutes. 
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Examination showed a slightly excited, well nourished 
patient. Exophthalmos was present in same degree as 
at the previous admission ; stare was visible. At limes 
a lid lag was present and a normal convergence. No 
lens opacities were seen with either slit lamp or ophthal- 
moscope. There was a fine tremor, the palms of the 
hands were moist. The thyroid nodules were approx- 
imately the same size as at her previous entry. Thrill 
and bruit were absent, Chvostek positive. Trousseau 
negative. 

The patient was immediately placed on the same 
standard neutral low calcium diet with same control 
fluid intake as at the second admission. Three metabolic 
periods of three days each were observed after a pre- 
liminary five days of the diet. During the fifteen days 
of ward study she showed signs of continued thyrotoxi- 
cosis. Except for last four days there was a fever be- 
tween 90 and 100 every afternoon. There was no evi- 
dence of infection. The pulse rate remained elevated 
between 100 and 125. Except for two occasions, the 
Chvostek sign was positive during this admission, vary- 
ing from faintly to strongly positive. Although the 
Trousseau sign was negative throughout, there were oc- 
casional complaints of tingling and slight cramps in both 
hands and feet. There was one dizzy spell ; no blurred 
vision or headache. She had a normal menstrual period 
immediately after entry. Routine blood and urine stud- 
ies were negative. 

Patient was discharged February 12, 1936. Diagnosis : 
recurrent thyrotoxicosis, hypoparathyroidism with latent 
and mild tetany. 

Follow-up observations 

March 4, 1936, B. M. R. was -}-25, pulse 102, weight 
56.3 kgm. Patient had been active, not minding the un- 
usually cold weather, and had gained weight with a 
ravenous appetite. Examination on this admission Avas 
the same as during her third hospital admission. Chvos- 
tek was positive and Trousseau negative after 1% min- 
utes. Electrical reactions showed that 2 milHamperes 
less current were required to obtain a response than on 
November 12, 1935. Serum calcium was 8.6 mgm., phos- 
phorus 5.4 mgm., and phosphatase 3.0 units. Patient was 
started on Lugol’s solution. 

March 18, 1936, B. M, R. Avas -\- 9, pulse 90. There 
were mild symptoms of tetany; Chvostek and Trousseau 
signs Avere positive. Serum calcium Avas 8.6 mgm. and 
phosphorus 4.6 mgm. Patient was started on viosterol, 
50 drops a day, and Avas to continue on a Ioav calcium diet 
and Lugol's solution. 

April 1, 1936, B. M. R. was —7, pulse 72. Symp- 
toms of tetany were less than at her last visit. Residual 
exophthalmos was present but there were no signs of 
active thyrotoxicosis. Chvostek faintly positive and 
Trousseau positive at 1' 30", produced less active cramp 
than on March 18. Serum calcium Avas 8.8 mgm., and 
phosphorus 4.5 mgm. 

April 22, B. M. R. AA'as -f-2, pulse 72, Aveight 58.3 
kgm. Serum calcium Avas 8.2 mgm., phosphorus 4.6 mgm. 


May 20, B. M. R. Avas 4- 2, pulse 78, Aveight 56.2 kgm. 
Scrum calcium Avas 8.4 mgm., phosphorus 3.6 mgm. 

June 24, B. !M, R. Avas -f- 9, pulse 84, Avcight 54.1 kgm. 
Scrum calcium Avas 8.5 mgm., phosphorus 3.2 mgm. 
There Avcrc no symptoms of thyrotoxicosis, but occa- 
sional paresthesias. Trousseau Avas positive in 45". 
There Avas no evidence of cataract. Patient has been 
continuing medication of cod liver oil, calcium lactate 
and iodine. 

September 23, B. M. R. Avas 4- 7, pulse 84, Aveight 
53.1 kgm. 

October 22, 1936, B. M. R. Avas 4* 5, pulse 78, Aveight 
52.5 kgm. Just before onset of catamenia, two Aveeks 
ago, patient had questionable mild active tetany in right 
hand; Trousseau AV'as negative. 
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Since the advent of liver therapy in the treat- 
ment of pernicious anemia it has been known that 
some patients require greater amounts of potent 
material than others. Beebe and Lewis (1), and 
Fonts and Zerfas (2) have shown that patients 
with a higher incidence of complications, arterio- 
sclerosis, and moderate to advanced involvement 
of the central nervous system, require on the av- 
erage a greater daily amount of the active prin- 
ciple in the liver to keep the blood and color index 
near normal than do those not having these com- 
plications. The demonstration by Gansslen (3) 
and by Castle and Taylor (4), and the subse- 
quent universal verification of their findings, that 
liver extract administered parenterally was many 
times more potent than liver extract given by 
mouth, led to the general acceptance of the theory 
that failure in absorption of the active principle 
from the gastro-intestinal tract accounts in the 
main for increases in the requirement of liver 
extract. Heath and Fullerton (5) have studied 
the rate of absorption of iodine and glycine in 
an attempt to develop a test for absorption. They 
concluded that the delay in appearance of iodine 
in saliva after the ingestion of 0.25 gram of po- 
tassium iodide is probably a rough measure of 
the absorptive ability of the upper small intestine. 
The appearance time was delayed in 7 of 14 pa- 
tients who had pernicious anemia. They also 
concluded that the amino-acid nitrogen content 
of the blood following the ingestion of 25 grams 
of glycine gave no useful information regarding 
the rate of absorption from the gastro-intestinal 
tract. We, likewise, gained no worthwhile in- 
formation from the determination of blood amino- 
acid nitrogen following the oral administration 
of large amounts of liver extract. Following this 
failure, we studied the excretion of orally ad- 
ministered xylose, since a consideration of its 
physical and biochemical properties made it ap- 
pear that xylose would be a useful substance for 
determining the absorptive abilit)’ of the intestinal 


tract. This sugar is not metabolized (6). It 
apparently passes through the liver unchanged 
(7), and is eliminated from the body by the kid- 
ney (7, 8). It is not readsorbed by the renal 
tubules (9) and can be recovered with accuracy 
in the urine and the blood. Because of these 
properties, the excretion of xylose has likewise 
been used as an index of kidney function (7, 8). 

Although Keith, Power, and Peterson (10) 
found no difference in xylose clearances in two 
normal individuals when the xylose was adminis- 
tered by mouth and when administered by vein, 
we felt that changes in absorption from the 
gastro-intestinal tract might influence the excre- 
tion of orally administered xylose. It seemed 
reasonable to assume that any marked deviation 
of the excretion of xylose from that anticipated 
by the study of the kidney function would be 
due to changes in the absorption from the gastro- 
intestinal tract. 

Fishberg (11) has shown that xylose injected 
into the blood stream disappears at a rate propor- 
tionate to the actual momentary concentration of 
nonfermentable reducing substances in the blood. 
In addition, Fishberg and Friedfeld (7, 12) have 
shown that following the oral administration of 
xylose to patients who had normal kidney func- 
tion, the curve of nonfermentable reducing sub- 
stances in the blood approaches its normal value 
after 5 hours, while, in patients with impaired 
renal function, the curve of nonfermentable re- 
ducing substance continues upward, resulting in 
a definite retention of xylose in the blood at the 
end of 5 hours. Therefore, in a number of the 
patients, blood xylose curv'es were determined in 
addition to urine xjdose. It was assumed that 
some additional information on absorption might 
be gained from comparison of the excretion in 
the urine and the retention in the blood even in 
cases with poor renal function. Patients having 
low excretion and low blood xylose curves would 
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have to be considered to have poor absorption 
even if the icidney function was low. 

One of the main objections to the use of xylose 
in absorption studies on pernicious anemia pa- 
tients was that it was probably of a much smaller 
molecular size than the active principle of the 
liver. Xylose has a molecular weight of 150, 
while it has been estimated by Dakin, Ungley, 
and West (13) that the molecular weight of the 
active principle in liver is slightly less that; 5,000. 
However, at the present time, we do not know 
of a material having the desirable properties of 
xylose which also has a molecular weight similar 
to that of the active principle. We are therefore 
reporting our results on our findings as to the 
absorption of xylose in patients who have per- 
nicious anemia and in three patients having sim- 
ilar blood pictures. Many of the patients studied 
have been followed by this department for a suf- 
ficient length of time for us to know their status 
as to maintenance dosage of liver extract. 

METHODS 

The pernicious anemia patients tested have been 
followed by this department for varying periods 
of time up to nine years. The patients classified 
as to maintenance dosage of liver extract have 
been followed for at least 18 months. The ma- 
jority, however, have been followed for a much 
longer period. The patients able to maintain nor- 
mal red blood cell counts while taking 3 vials of 
liver extract or 12 capsules of “ Extralin ” 
(Liver-Stomach Concentrate, Lilly) or less were 
considered as easy to maintain. Those requiring 
liver extract by injection were classified as dif- 
ficult to maintain. The normal individuals 
tested were young healthy adults. None of the 
patients had diarrhea at the time of examination. 

On the day of the test the subject’s breakfast 
was limited to dry toast and one cup of coffee. 
Approximately 1 hour after breakfast they in- 
gested 25 grams of xylose dissolved in water to 
which lemon juice had been added to mask the 
unpleasant taste of the xylose. Twenty-five 
grams of xylose were used as it was found that 
SO grams often produced a diarrhea which might 
interfere with absorption. The xylose in the 5 
succeeding hourly urine specimens was deter- 
mined by the method described by West and 
Peterson (14) in which the non-sugar reducing 


material was removed by a H.SO^-BaCOs pre- 
cipitation and the reducing sugars detennined by 
the Shaffer-Somogyi (15) reagent after treatment 
with a yeast suspension. A standard curve pre- 
pared with known amounts of xylose was used 
to convert the titration figures to xylose. 

The xylose in the blood was determined by the 
Shaffer-Somogyi (15) method on filtrates pre- 
pared by zinc hydrochloride precipitation (Som- 
ogyi (16)). The fermentable sugars were re- 
moved by a yeast suspension as before. Van 
Sl 3 'ke’s (17) method was used for the urea clear- 
ance determinations. 

RESULTS 

The 8 normal individuals in 5 hours excreted 
an average of 4.68 grams (4.26 to 5.33 grams) 

TABLE I 

Laboratory and clinical findings in 48 patients with pernicious 
anemia and in 3 patients with blood pictures of 
pernicious anemia with free hydrochloric acid 
in gastric contents 






Xylose 


Involve- 



Case 


Red 

Hem- 

ex- 

Urea 

ment of 

Compli- 

Alain- 

nura- 

Age 

blood 

oglo- 

creted 

clear- 

central 

te- 

ber 

cells 

bin 

in S 

ance 

nervous 

cations 

nance 





hours 


system 




y^ors 

mil- 

lions 

per 

cent 

groms 

per cen 
normal 




1 

60 

4.7 

97 

5.29* 

69* 

— 

+ 

Dt 

2 

67 

5.46 

101 

3.19* 

82 

+ + + 

D 

3 

45 

4.64 

107 

4.71* 

129* 



D 

4 

40 

5.45 

94 

5.08 

129 

— 

+ 

D 

5 

31 

4.73 

72 

5.76 

77 

— 

+ 

D 

6 

67 

5.01 

101 

2.94 

76 

+ + + 

+ 

D 

7 

68 

4.72 

97 

3.13 

32 

+ + + 

++ 

D 

8 

52 

4.54 

97 

3.52 

36 

— 

++ 

D 


52 

4.13 

92 

3.42 

44* 

— 

++ 

D 

9 

61 

5.57 

129 

5.34* 

84* 

— 


Et 

10 

69 

5.45 

105 

4.16 

55 

+ + + 

+ 

E 

11 

59 

4.91 

78 

5.80 

95 

— 


E 

12 

64 

5.46 

191 

7.02 


— 

— 

D 


64 

3.06 

74 

5.68 

77 


— 

D 


65 

2.03 

51 

5.64 

115 

— 

— 

D 

13 

72 

5.81 

97 

2.65* 

66* 

+ + 

+ 

E 

14 

41 

5.45 

111 

6.68* 

156* 



E 

IS 

43 

5.40 

97 

6.42 

72* 

— 


E 

16 

59 

4.64 

107 

3.10 

85 



E 

17 

57 

4.79 

103 

2.71* 

59* 


— 

E 

18 

47 

4.56 

103 

5.96 

120 


— 

E 

19 

63 

4.74 

106 

5.11 

108* 

+ + + 

— 

E 

20 

62 

6.00 

113 

6.23 

94 

— 

+ 

E 

21 

36 

5.00 

86 

2.98* 

45* 

+ + 

+ 

D 


35 

3,26 

84 

2.93 

46 

+ + 

4- 

D 

22 

56 

5.41 

113 

2.94 

70 

-l--h + 

4- 

D 


56 

2.19 

65 

2.90 

60 

+ -!■ + 

4- 

D 

23 

67 

4.58 

94 

2.86 

52 

4- + + 

4- 

D 


66 

2.95 

79 

2.52 

51 

+ 

4- 

D 

24 

57 

5.28 

120 

5.69 

105 

— 

— 

E 


56 

2.17 

50 

3.95 

79 

- 

— 

E 


* Average of two tests. 

t D = difficult to maintain normal red blood cell count — 
i.e. require liver extract by injection. 

t E = easy to maintain normal red blood cell count on 
oral liver. 
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TABLE I — Continued 


Case 

num- 

ber 

Age 

Red 

blood 

cells 

Hem- 

oglo- 

bin 

Xylose 
ex- 
creted 
in 5 
hours 

Urea 

clear- 

ance 

Involve- 
ment of 
central 
nervous 
system 

Compli- 

cations 

Main- 

te- 

nance 


years 

tniU 

per 

grams 

per cent 





lions 

cent 

normal 




25 

58 

5.12 

103 

3.83 

105 

— 

— 

E 


58 

2.19 

59 

3.27 

49 

— 

— 

i E 

26 

51 

4.59 

86 

3.14 

97 

— 

+ 

D 


50 

4.22 

67 

2.73 

72 

— 

+ 

D 

27 

57 

4.4 

107 

4.69 

75 

— 

+ 

1 D 

28 

82 

5.03 

81 

2.00 

42* 

+ + + 

++ 

E 



3.82 

75 

1.69 

29* 

+-i-+ 

++ 

E 

29 

63 

4.46 

94 

7.82 

70 

4“+4' 


? 

30 

63 

3.64 

82 

5.41 

65 

+ 4- + 

++ 

D 

31 

66 

3.42 

75 

1.52 

33 

+ + + 

;+++ 

D 

32 

62 

3.72 

86 

3.57 

89 



D 

33 

60 

4.11 

88 

5.40 

59 

— 

— 

D 

34 

63 

2.85 

76 

4.08 

60 

+ + + 

1 — 

E 

35 

64 

3.83 

77 

3.79 

83 

+-b + 

1 

D 


64 

1.91 

53 

2.79 

54 

+ + + 

+ 

: D 

36 


3.31 

66 

2.97 

63 

-f+4- 

+ 

? 

37 

57 

3.30 

64 

4.22 

68 

+++ 

— 

? 


57 

1.06 

31 

3.57 

41 

+4-4- 

— 

I ? 

38 

40 

2.251 

57 

7.78 

110 


— 

D 


42 

3.97 

84 

2.55 

79 

— 

— 

i D 

39 

62 

1.64 

44 

3.54 

39 

+++ 

+ 

D 


62 

2.80 

79 

2.70 

44 

*4" “I" “h 

4“ 

1 D 

40 

58 

1.52 

44 

3.53 

75 

4-4-4- 

++ 

? 

41 

41 

1.87 

46 

3.29 

58 

-f-b-t- 

— 

? 

4'2 

72 

2.10 

64 

2.94 

39 

+ 

*4" 

? 

43 

67 

2.12 

66 

4.40 

84 

+ 

+ 

? 

44 

64 

2.62 

87 

3.89 

89 



D 

45 

51 

2.36 

75 

3.41 

51 

+ 


? 

46 

64 

2.41 

70 

4.30 

57 

+ 


D 


64 

4.72 

97 

4.49 

SO 

+ 

— 

D 

47 

61 

2.12 

59 

3.77 

89 

+ 

— 

E 

48 

51 

5.27 

109 

4.19 

123 


+ 

E 

49 

56 

5.40 

107 

2.56 

127 

— 

+ 

D 

50 

30 

4.79 

96 

1.74 

72 

— 


D 


31 

4.34 

\ma 

1.65 

129 

— 

— 

D 

51 

72 

1.24 

28 

1.18 

28 

++ 

++ 

D 


of xylose. The average of the urea clearances 
of these individuals was 115.2 per cent. These 
xylose excretions are slightly lower than those 
reported by Dominguez and Pomerene (18) 
whose 3 normal individuals who received 25 
grams of xylose excreted from 4.86 to 7.66 grams 
in 5 hours. Higher results, however, might be 
expected from the methods used by them. 

The average excretion during the 71 examina- 
tions on 48 patients having pernicious anemia was 
4.28 grams. The average urea clearance, how- 
ever, was only 78 per cent. 

In addition to the patients typical of pernicious 
anemia, 3 other patients (Cases 49, 50, and 51) 
were examined. Before treatment, these patients 
had blood pictures similar to those seen in per- 
nicious anemia, but had h5'drochloric acid in their 
gastric contents. Two of these patients can be 


classified as having non-tropical sprue. They 
both require liver extract by injection to main- 
tain a normal red blood cell count. In both of 
these the urea clearances were normal but the 
secretion of xylose was markedly decreased. 
Case 49, with urea clearance of 127 per cent, ex- 
creted only 2.56 grams while Case 50 excreted 
1.74 and 1.65 grams during two separate 5 hour 
periods when his urea clearances were 72 and 
129 per cent of normal, respectively. Examina- 
tion of Figure 1, Case 50, shows that there was 
only a very slight rise in blood xylose during the 
second test. It is obvious that in these two pa- 
tients there was a decreased absorption of xylose. 
Case 51 also requires liver extract by injection. 
This patient excreted the least xylose in the se- 
ries, yet there was little xylose in the blood after 
5 hours, although the urea clearance was only 
28 per cent of normal. The findings in these pa- 
tients who, without doubt, have disturbances of 
absorption seemed to indicate that the simultane- 
ous determination of blood and urine xylose fol- 
lowing xylose ingestion together with measure- 
ments of urea clearance offers a method of meas- 
uring absorption from the gastro-intestinal tract. 


TABLE n 

Average excretion of xylose in pernicious anemia patients 
grouped as to their urea clearance 


Urea clearance 

Num- 
ber of 
pa- 
tients 

Num- 
ber of 
exami- 
nations 

Aver- 
age 
xylose 
excre- 
tion 5 
hours 

Bdow 

4.26 

grams 

Over 

4.26 

grams 

Below 50 per cent of normal . . , 

9 

14 

grams 

2.89 

9 

0 

50 to 69 per cent of normal .... 

15 

20 

3.77 

11 

4 

70 to 89 per cent of normal .... 

19 

21 

4.22 

12 

7 

90 to 173 per cent of normal. . . 

13 

IS 

5.48 

3 

10 

70 to 173 per cent of normal. . . 

28 

36 

4.72 

12 

16 

Under 70 per cent of normal. . . 

23 

34 

3.39 

19 

4 


Table II shows that the kidney function mark- 
edly influenced the amount of xjdosc excreted. 
There was a progressive increase in average secre- 
tion of xylose with increases in the urea clearance. 
The 28 patients having urea clearances of 70 per 
cent or better excreted an average of 4.72 grams 
of xj’lose. This is slightly' higher than the aver- 
age for the normals. There was, however, mucli 
greater spread in the values than in the nonn.Tls. 
In individual cases the x}’lQse excretion did not 
necessarily parallel the urea clearance. Exami- 


CAaeea casesi CAaea I case 13 case 13 j case 1 I casco case so case 3 
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TABLE III . 

Average excretion of xylose in normal subjects and in various clinical groups of pernicious anemia patients 



Num- 
ber of 
pa- 1 
tients 

Num- 
ber of 
exami- 
nations 

Aver- 
age 
xylose 
excre- 
tion 5 
hours 

Aver- 

age 

urea 

clear- 

ance 

Below 

4.26 

grams 

Over 

4.26 

grams 


8 

8 

grams 

4.68 

ter cent 
normal 

115.2 

0 

8 


48 

71 

4.24 

78.0 

28 

20 


27 

31 

3.76 

63.7 

21 

6 


31 

39 

4.49 

84.4 

15 

16 


20 

24 

4.99 

94.8 

6 

14 

2. Moderately advanced involvement of central nervous 

1 

! 11 

IS 

3.63 

63.5 

9 

2 


17 

21 

4.54 

93.0 

8 

9 


14 

18 

4.44 

71.0 

7 

7 


13 

17 

4.98 

98.5 

4 

9 

6. Having complications — such as arteriosclerosis, infec- 

18 

22 

4.15 

72.3 

11 

7 

7. Difficult to maintain with normal red blood cell count . . 

8. Easy to maintain with normal red blood cell count 

15 

1 IS 

19 

19 

4.09 

4.59 

75.6 

91.3 

8 

7 

7 

8 


nation of the simultaneous blood and urine curves 
(Figure 1) yields many interesting data. Cases 
13, 17, 38, SO, and 51 all nearly completely cleared 
their blood of xylose in 5 hours, yet they ex- 
creted markedly decreased amounts of xylose. 
The fact that the final blood xylose was so low 
indicates to us that the excretory function of the 
kidney was not the limiting factor to the small 
amount of xylose excreted by the kidney. Case 
1, however, excreted 4.77 grams in 5 hours, yet 
her ability to absorb was such that she still had 
high blood xylose at the end of 5 hours. The 
differences in the blood curves and the great varia- 
tion in the amounts of xylose excreted by Cases 
28, 21, 8, and 46a, who had only a difference of 
7 per cent in urea clearances, likewise demonstrate 
the importance absorption plays in the excretion 
of orally administered xylose. The second ex- 
amination on Case 38 was done during a slight 
blood relapse which occurred while taking the 
same amount of parenterally administered liver 
extract that had previously brought her blood to 
normal. In this patient there was a drop in urea 
clearance from 110 to 79 per cent, but this drop 
cannot account for the marked decrease in excre- 
tion of xylose. Thus, it is evident that absorption 
has a very definite influence on the amount of 
xylose excreted. 

As is shown in Table III, the patients who had 
normal red blood cell counts were more apt to 
have higher xjdose excretions than those who 


had red blood cell counts below normal. How- 
ever, the average urea clearance in the patients 
having normal red blood cell counts was 84.4 per 
cent, while the patients not having a normal red 
blood cell count had an average urea clearance 
of only 63.7 per cent. In many of the patients 
there was a marked increase in urea clearance fol-. 
lowing an induced remission, and this apparently 
accounts for the greater excretion of xylose in 
the patients having normal red blood cell counts. 
Since the low urea clearance on patients in blood 
relapse is apt to be temporary and since the kid- 
ney function so markedly influences the excretion 
of xylose, only patients having a normal red 
blood cell count were considered in making the 
comparisons in Table HI. 

The average excretion of xylose (see Table 
III) in patients having more advanced involve- 
ment of the central nervous system or advanced 
arteriosclerosis, infectious or degenerative com- 
plications was lower than in those patients not 
having these complications. However, the lower 
average excretion may be accounted for by the 
fact that these patients also had a lower average 
urea clearance. Of the 15 patients excreting less 
than 4.26 grams of xylose, only two did not have 
at least one of these complicating factors, while 
7 of the 16 excreting more than 4.26 grams had 
no known complications. It cannot be said that 
increase in age in itself was associated with a 
decrease in excretion of xylose in these patients. 
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although there was a progressive decrease in urea 
clearance with increasing age. 

There were 30 patients who had been followed 
for a sufficient length of time to be considered 
as to maintenance dosage of liver. As seen in 
Tables I and III and in Figure 1, there seems to 
be little if any correlation between the amoifnts 
of xylose excreted and the amount of liver ex- 
tract required to maintain the blood at normal 
levels. In Cases 2, 6, 22, and 26 (see Table I) 
it was felt that the small amounts of X3'lose ex- 
creted in urine might indicate that they did not 
have satisfactoiy absorption from the gastro- 
mtestinal tract and therefore required larger 
amounts of liver extract. Cases 13, 16, 17, and 
25, however, did not excrete xylose any better, 
but the)'^ have maintained their blood at normal 
levels for prolonged periods of time on oral liver 
therapy. In two of these latter patients (Cases 
13 and 17), examination of the simultaneous 
blood and urine curves shows conclusively that 
the decreased excretion was limited by the ab- 
sorption of xylose and not b}'’ the excretory ability 
of the kidne3's. Cases 1, 4, 5, 12, 27, and 46, 
who have had one or more severe relapses while 
taking potent material 63’’ mouth in customary 
dosage, certainly cannot be said to have any dif- 
ficulty in absorbing xylose from the gastro-intes- 
tinal tract. 

SUMMARY 

The results of these studies indicate that ab- 
sorption from the gastro-intestinal tract greatly 
influences the amount of orally administered X3'-- 
lose excreted in the urine during the first 5 hours 
after its ingestion. Thus it would appear that 
study of the urinary and blood xylose following 
its oral administration yields considerable infor- 
mation as to the absorptive ability of the gastro- 
intestinal tract. If the kidney function is normal 
as shown by the urea clearance test and the ex- 
cretion of xylose is low, it can be assumed that 
absorption of xylose from the gastro-intestinal 
tract is poor. This assumption is justified since 
it has been shown that xylose is not metabolized, 
passes through the liver unchanged, and can be 
recovered from the urine. Even in patients hav- 
ing lowered kidney function, information may 
be gained as to their ability to absorb xylose from 
the gastro-intestinal tract if, in addition to deter- 


mining the X3dose in urine, blood xylose cur\'es 
are made. It has been shown that the x3dose dis- 
appears from the blood stream at a rate propor- 
tional to the actual momentary concentration of 
the nonfcrmentable reducing substances in the 
blood and that there is a retention of xylose in 
the blood if kidney function is poor. Therefore, 
if the kidney function is decreased and the blood 
xylose does not rise as expected and is not re- 
tained in blood at 5 hours, it would appear that 
the decreased xylose excretion is due in part, at 
least, to a decrease in absorption from the gastro- 
intestinal tract. 

In these studies we were unable to demonstrate 
any constant abnormality in absorption of X3dose 
in pernicious anemia patients. The average ex- 
cretion of the pernicious anemia patients having 
normal urea clearance was slightly higher than 
that of the normal individuals. There was no 
correlation between the amounts of xylose ab- 
sorbed by patients having pernicious anemia and 
the amounts of orally administered liver extract 
required to maintain the patients with normal 
blood counts. The 2 patients clinically diagnosed 
as non-tropical sprue and another patient having 
free acid in the gastric juice but having a blood 
picture of pernicious anemia had markedty de- 
creased absorption of xylose from the gastro- 
intestinal tract in the absence of diarrhea. All 
three of these patients require liver extract by in- 
jection to maintain a normal red blood cell count. 

Since there ma3'- be a marked difference in the 
molecular size of xylose and that of the active 
principle of the liver, it does not necessarily fol- 
low that patients able to absorb xylose will ab- 
sorb the active principle satisfactorily. We be- 
lieve, however, that the results obtained from 
these studies indicate that differences in absorp- 
tion from the gastro-intestinal tract can be dem- 
onstrated in pernicious anemia patients, although 
these differences seem to have little or no rela- 
tionship to the amount of orally administered liver 
extract required by the patient to maintain a nor- 
mal red blood cell count. 

CONCLUSIONS 

No consistent abnormality in absorption of xy- 
lose from the gastro-intestinal tract could be 
demonstrated in patients having pernicious 
anemia. 
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In investigating the mechanism of edema for- 
mation, we have made a study of the relations of 
sodium and potassium to the water in muscles of 
animals suffering from nutritional edema, in order 
to learn whether these relations provide evidence 
as to the validity of the hypothesis that fluid 
retention associated with hypoproteinemia is sim- 
ply an accumulation of an ultrafiltrate from the 
circulating plasma. These relations might also 
indicate whether sodium has any role in' the pro- 
duction of edema other than that of being the 
chief base of plasma filtrate, this question having 
been often raised by the observed necessity of 
ingested sodium for the formation of experi- 
mental plasmapheresis edemas in dogs (1, 2, 3), 
and for the occurrence of nutritional (4) and 
nephrotic (5) edemas in man. A nutritional 
edema in white rats resulting from' a protein-poor 
carrot diet (6, 7) and shown to be accompanied 
by low serum proteins (8, 9) was decided upon 
as a practical experimental setting for the problem. 

DIETS 

Kohman (6) demonstrated that the edema in her ani- 
mals had not resulted from the lack of any of the 
vitamins then known, and was presumably the result 
of protein deficiency in the diet. Vitamin G had not 
then been identified and may not have been supplied in 
sufficient quantity to Kohman’s rats by the wheat-germ 
extract. We have sought to learn whether such de- 
ficiency could have had any effect on the course of the 
edema. Accordingly, a group of five animals was placed 
on the Kohman wet diet to which was added daily, in 
a separate dish, O.OS gram of a yeast concentrate pow- 
der.i This group of animals in Table IV is numbered 
from K -f to K -}- B„j, and as controls on this group 
there were five animals," K + YP^ to K -f- YP,., which 
were given the Kohman diet with addition, in a "separate 
dish, of 0.05 gram of the yeast protein remaining from 

^This material was supplied by Mead Johnson and 
Company, and assayed by them to contain 80 units of 
vitamin and 35 imits of vitamin G per gram. 


the concentrate powder after extraction of the B-com- 
plex. There were also two other control groups : 
K -}- CPj to K -h CP^, Kohman diet plus O.OS grams of 
casein extracted free of B-complex given in a separate 
dish daily ; and K + G^, K -f G^, Kohman diet plus the 
equivalent amount of yeast concentrate which had first 
been autoclaved to destroy completely its vitamin B^ 
content only,^ given in a separate dish daily. Thus all 
four of these groups did receive daily a very small 
amount of protein with or without vitamin G. In addi- 
tion, vitamin Bj was supplied in the form of a solution 
of the pure crystals (Merck) rather than by adding 
wheat-germ extract to the carrot diet. All of these small 
servings of protein with Bj solution added, were, with 
few exceptions, completely consumed daily by the rats. 
The fact that these animals are all included in the sec- 
ond series of edematous rats (Table IV) records the 
result that they all showed retention of fluid in varying 
degree. Though there was a little delay, as compared 
to the group on the unmodified Kohman wet diet (Kjj 
to Kjg), in the rapidity with which these animals lost 
weight from malnutrition and with which they accumu- 
lated fluid, the general trend was the same as the K 
group, and there were no significant differences among 
the various groups outlined above. It was obvious then, 
that addition each day to the diet of 0.05 gram protein, 
whether this contained vitamin G or not, was sufficient 
to defer slightly in some of the animals the effects of 
the unmodified Kohman diet. The individual animal 
that showed the greatest delay in becoming edematous 
can be seen from Table IV to be K -f CPj, which after 
148 days of diet (the longest period) was still one of 
the least edematous animals of the whole group. The 
control normal group (Table III) had the Kohman wet 
diet with casein, extracted free of vitamin B-compIcx, 
replacing cornstarch in the amount of 20 per cent of 
the drj' weight of the mixture. Three of the control 
animals (K + C + to K -h C + B^) had in addition 
0.05 gram of the yeast concentrate added in a separate 
dish.® 

The first scries of protein-starved animals, K^ to K,,. 
Table II, were all given their vitamin B^ in wheat-germ 

~ Assayed by Dr. Siegfried Maurer and found to con- 
tain a concentration of vitamin G five times that of ycaft. 

® Three litters of rats (27 in all) comprised all of 
these groups. There were representatives of each litter 
in each group. 
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extract. The first series of normal animals, Table I, 
was composed of eight animals (N„ to Nj,_) on a varied, 
high vitamin diet (wheat germ, brewer's yeast, lettuce, 
bacon, cheese, and a paste of casein, starch, minerals, 
lard, blitter, and cod-liver oil) ; and a group of four 
animals (K-f-Cj to K-fC^) on the Kohman wet diet 
with commercial casein replacing cornstarch in the 
amount of 15 per cent of the dry weight of the diet ; and 
finally a group of four (K + to K -f A^) on Kohman 
wet diet with egg albumin, extracted free of the B- 
complex, replacing cornstarch in the amount of 15 per 
cent of the dr}' weight. 

In all of these diets, water was allowed ad libitum, 
though very little seemed to be taken bj’ the rats, the 
fresh carrots satisfying their needs for water. The 
animals in all groups liad beginning weights ranging 
from 68 grams to 105 grams. The j’oungest litter of 
known age was 49 days old when placed on the diets 
and the oldest was 69 dai'S. 

During the course of the protein-poor diets the weight 
curves showed a steady decline with small irregularities, 
and, after 9 or 10 weeks, occasional cj'clcs of rapid gains 
and losses with some terminal rises due to sudden in- 
creases in fluid retention, as reported by others (6, 8). 
There is no need to show all of these curves here. There 
was seldom manifest edema or anasarca, though some 
had excessive pleural and peritoneal fluids when sacri- 
ficed (see Tables II and IV). The weight curves of the 
rats on normal and normal control diets showed satis- 
factory though not ahvaj's maximal growths for these 
animals in all except the K A group, where the gains 
in weight were small and growth could hardly be called 
satisfactory. (In this connection see footnote 6 on 
page 358.) 

CHEMICAL DETERMINATIONS 

The first series of determinations are recorded 
for normal animals in Table I and for animals 
with various amounts of fluid retention in Table 
II. The determinations include : total serum ni- 
trogen, muscle water, muscle protein nitrogen, 
muscle sodium and muscle potassium. The ratio, 
protein-N : potassium for muscle is shown, and 
the concentration of sodium plus potassium in 
millimoles per liter of total muscle water is given. 
There are also recorded figures for amounts of 
intracellular and extracellular water per kilogram 
of whole tissue and the concentration of potassium 
in intracellular water, derived by calculation, with 
certain assumptions which will be discussed later. 

The second series of determinations are re- 
corded for normal rats in Table III and for rats 
with varying degrees of edema in Table IV. 
These determinations include: A. For serum; 
total nitrogen, albumin nitrogen, and by differ- 
ence, globulin nitrogen. B. For muscle; per- 


centage of water in whole wet tissue, percentage 
of water in fat-free tissue,^ sodium and potassiurr 
in terms of fat-free wet tissue. The concentra- 
tion of sodium plus potassium in millimoles pei 
liter of total muscle water is also shown; and 
again, by calculations discussed later, the amounts 
of intracellular and extracellular ivater per kilo- 
gram of fat-free wet tissue and the concentration 
of potassium in intracellular water. 

In Tables II and IV are also included deter- 
minations of sodium in six abdominal or chest 
fluids from edematous rats as indicated and in 
one subcutaneous fluid from a blister on the chest 
of rat K -}- B,4. The fluids found in seven more 
animals in these two series were either somewhat 
bloody or were obtained in too small an amount 
to make possible a sodium determination with 
the usual accuracy. 

METHODS 

Tbc animals included in Tables I and II were sacrificed 
by a blow on the head. Because this often caused loss 
of a good deal of blood with the consequence that it 
was difficult to get blood from the heart in satisfactory 
amounts, the later groups. Tables III and IV, were 
sacrificed by piercing the medulla oblongata with a 
needle. From most of these latter enough blood was 
secured from the hearts to make possible determinations 
of serum albumin in addition to total serum proteins. 

If there was any chest or abdominal fluid it was taken 
with a capillary pipette and transferred into a centrifuge 
tube. The blood was then taken from the heart by 
capillary pipette. 

The animal was next placed in a closed chamber in 
which the atmosphere had been saturated with water 
vapor from a pan of water, and by inserting the hands 
through rubber tubes (sections of tire inner tubes at- 
tached to round openings in the chamber) the skinning 
of the legs, cutting off of the muscles, and placing them 
into weighing bottles could all be carried out within 
the chamber by vision through its glass top. This 
“ humidor ” was designed to prevent evaporation from 
the muscle during the handling. The weighing bottles 
having been previously weighed empty from a desiccator 
were allowed to come to temperature equilibrium in the 
“ humidor ” before being opened, so that no appreciable 
moisture would settle on the glass inside the bottles 
when opened. The tightly stoppered bottles containing 
the wet muscle were again brought to equilibrium in a 
desiccator for weighing the wet muscle. The tissue 
was then dried in an oven at 105° C. Those included 
in Tables I and II were brought to constant weight in 
the milligram place, the larger samples (normals) re- 

^ Fat extraction was suggested to us by Prof. A. B. 
Hastings. 
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quiring as much as 19 days. Those in Tables III and 
IV, which were later to be extracted to remove fat, 
were dried to constant weight within 0.3 mgm., which ' 
required up to 3S days for samples up to 14 grams wet 
weight. It was hoped to eliminate moisture so completely 
from these samples that the later extraction with dry 
ethyl ether and petroleum would remove no salts. How- 
ever, it was found in some preliminary experiments that 
from 2 to 5 per cent of the total amounts of sodium 
and potassium of the samples was removed during the 
extraction, whether because of moisture in the sample 
or in the ethyl ether, or whether because very minute 
scales of dried muscle tissue were sometimes lifted out 
with the capillary pipettes used in removing the extract- 
ing fluid. The last possibility hardly seems an adequate 
explanation of the transfer of so large an amount of 
base. At any rate, it was decided to evaporate the ex- 
tracts in the quartz beakers in which the muscles were 
later to be ashed and thus, although a fat-free weight 
was obtained on the dry muscle for calculation, the ex- 
tracted fats including whatever base was removed with 
them were ashed along with the fat-free tissue. This 
discussion obviously applies only to the determinations 
included in Tables III and IV since those included in 
Tables I and II were not made on fat-free tissues. The 
fat extractions were carried out according to the tech- 
nique of Hastings and Eichelberger (10). The ashing 
of tissue in quartz with sulfuric acid has been described 
(22, 28). 

The muscles analyzed in Tables I and II were not 
ashed in the same way, since determinations of muscle 
protein were made on these samples, and the bases had to 
be quantitatively extracted out of the dried mass. This 
was accomplished as follows; The tissue was allowed 
to stand covered with water until thoroughly soaked. 
Then enough trichloracetic acid was added to make a 
20 per cent solution. After standing and macerating 
thoroughly in a mortar, the extract was filtered off and 
maceration was repeated with nine portions of 10 per cent 
trichloracetic acid while a quantitative transfer to the 
filter was accomplished. The extract was subsequently 
treated for phosphate precipitation before being made 
up to known volume, after which aliquot portions were 
used for dry ashing in platinum crucibles. This method 
of extraction was suggested by the procedure described 
by Salit (11) for sodium determinations in tissues. Six 
preliminary askings of beef and rat muscle fibers, ex- 
tracted in this way, convinced us that the bases were 
quantitatively extracted, since the total ash obtained in 
platinum crucibles from the protein remaining from S to 
9 gram samples of muscle weighed only from 1 to 2 
mgm., and being for the most part insoluble could be 
accounted for by glass ground off from the mortar. 
This ash contained indeterminable traces of sodium and 
potassium. 

The muscle fiber having been quantitatively collected 
on a filter paper was transferred with the filter to a large 
Kjeldahl flask and digested for macro-Kjeldahl deter- 
minations. Aliquot portions of the digest were used for 


duplicate determinations which always agreed to 0.5 
per cent. 

Because of the variation in the amount of muscle fat 
and of the impracticability of mincing the material with- 
out loss of fluid, it was decided not to take two separate 
samples of muscle from one animal. There were two 
exceptions made. In Table I, analyses of two separate 
samples taken without mincing from Rat Nj, are shown, 
and in Table III, analyses on two samples from Rat 
K + are presented. However, for the normal ani- 
mals (Tables I and III), where the samples were of 
sufficient size duplicate determinations were made as 
follows: for those in Table I, 'after the extraction of 
the minerals and the phosphate precipitation in the ex- 
tract; for those in Table III, after the ashing. For the 
values in Tables I and III the duplicate sodium deter- 
minations agreed to within 3 per cent and the duplicate 
potassium determinations to within 1^ per cent. There 
was one exception to each of these standards; namely, 
the sodium determinations for K -}- were 7 per cent 
apart, and the potassium determinations for the second 
samples of K -k were 14 per cent apart. In each of 
these two instances the single value that seemed the 
more reasonable is given in the Table and used for subse- 
quent calculations. We obtained theoretical recoveries 
of sodium and potassium from known mixtures of NaCl, 
KjSO^, and H^PO^ when put through separate phos- 
phate precipitations before the askings in platinum, or 
when put through separate askings in quartz. Sodium 
and potassium determinations on muscle extracts in 
which the phosphate precipitation was done in duplicate 
agreed to 3 per cent and 1 per cent, respectively. Known 
amounts of these bases added to the extracts were re- 
covered quantitatively. Duplicate askings, in quartz, of 
dried ground homogeneous beef samples yielded sodium 
and potassium determinations which agreed to 1% per 
cent. 

The samples from the undernourished edematous ani- 
mals and from the K + A group of Table I were so 
small that the material could not be divided for the 
duplication of even the final steps in the sodium and 
potassium determinations. In the case of protein nitro- 
gen, duplicate determinations were made just as for nor- 
mal animals. The single determinations in Tables II and 
IV ought to be dependable, granting always a possibility 
of some bad error committed unconsciously, which would 
bring a determination far out of line. 

The final chemical methods used were the following. 

1. Removal of phosphate, (a) In trichloracetic acid 
extracts from muscles listed in Tables I and II (first 
series), the method of phosphate removal was based on 
that given by Hoffman (12) in preparation for total 
base determinations in urine. It was modified to the 
extent that the solutions were not transferred to volu- 
metric flasks until after the precipitate of ferric am- 
monium acetate was well coagulated and all evolution 
of gases had ceased. Then, aliquot portions of filtrate 
were evaporated down with 3 cc. of 1:1 H.SO, in 
platinum crucibles for dry ashing. The ashing was 
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TABLE I 

Normal rats— first scries 


Number 

of 

rat 

Diet 

period 

Scrum 

toLnl 

nitro- 

cen 

per 

100 cc. 
X6.25 

Muscle 

Water 

of 

whole 

tissue 

Protein 

iiitroftcn 

Sodium 

Potas- 

sium 

Extracellular 

fluid 

Intracellular 
\rater j 

1 

Potas- 

sium 

1 

Sodium 

+ 

potas- 

sium 

Protein 

nitrogen 

potassium 

1 

days 

■ 

per cent 

mM. per hgm. of tehole tissue 

ml. per hem. of whole tissue 

mM. 
per liter 
cell water 

mM. 
per liter 
total 11 -.0 

ratio 

1 


ON VARIED NORMAL DIET 


Ns 

62 

7.1 

73.0 

2130 

21.6 

97.7 

151 

580.5 

167 

163 

21.8 

N, 

75 

I 

7.2 

72.5 

2162 

22.0 

97.2 

153.5 

573 

168.5 

164 

22.25 

Ns 

75 

8.15 

73.6 

2162 

21.4 

98.5 

149 

588 

166.5 i 

163 

22.0 

Ns 

77 

6.65 

73.7 

2164 

20.15 

102.0 

140 

598 

169.5 

166 

21.2 

Nn 

75 

7.1 

73.7 

2227 

22.9 

101.7 

160 

579 

174.5 

169 

21.8 

Nu 

76 

7.35 

71.9 

2095 

20.9 

97.8 

146 

574 

169 

165 

21.4 

N,5 

82 

8.4 

73.25 

2210 

23.8 

100.7 

166 

568 

176 

170 

21.9 




72.2 

2132 

19.8 

97.8 

138 

585 

166 

163 

21.8 

Ns* 

93 

8.05 

— 




— 



— 

— 


I 

1 

1 


73.1 

2135 

20.75 

101.7 

145 

587 

172 

167.5 

21.0 

Range 






166-138 

568-598 

176-166 

170-163 


Average 

7.50 

73.0 

2157 

21.5 

99.5 

150 

581 

170 

165.6 

21.7 


ON CARROT CONTROL DIET — KOHMAN DIET + CASEIN 


K-fC, 

79 

6.6 

73.25 

2134 

22.1 , 

99.8 j 

154 j 

579.5 

171 

166.5 

21.4 

K+Ci 

82 

6.9 

74.2 

2095 

20.7 

105.6 

144.5 

599 

175 

170 

19.8 

K+Cs 

86 

7.5 

73.85 

2204 

19.8 

103.5 

138 

601.5 

171 

167 

21.3 

K-fCs j 

93 

7.9 

74.3 

2201 

24.3 

99.5 

169.5 

575 

172 

167 

22.1 

1 

Range 

mil 





169-138 

575-601 

175-171 

170-166 


Average 

B 

73.9 

2158 

21.7 

102.1 

j 

151.5 

' 589 

172 

' 167.5 

21.15 


ON CARROT control DIET — ^KOHMAN DIET + EGG ALBUMINf 


K+At 

82 

6.5 

75.0 

2173 

26.5 

102.0 

185 

567 

178.5 

171 

21.3 

K+As 

103 

5.05 

74.8 

2100 

24.7 

103.2 i 

172 

577 

177.5 

171 

20.3 

K-t-As 

126 

6.35 

75.0 

2150 1 

27.15 

97.9 

189.5 

1 

562.5 

172.5 

167 

22.0 

K+Ai 

131 

6.5 

74.2 

2190 

21.1 

105.7 

147 

596 

176 

171 

20.7 

Range 






189-147 

562-596 

178-172 

171-167 


Average 

6.1 j 

74.8 

2153 

24.9 

102.2 

173.5 

575.5 

176 

170 

21.1 

Complete range 






189-138 

562-601 

' 178-166 

171-163 


Complete average 

7.1 

73.5 

2157 

22.3 

100.7 

156 

581 

172 

167.1 

21.4 


* Two samples, 
f See footnote 6 on page 358. 
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done in duplicate for the large samples but not for the 
small. 

(6) In the aliquots of ash used for sodium determina- 
tions on the muscles listed in Tables III and IV (second 
series), the method of phosphate removal described by- 
Butler and Tuthill (13) was used. 

2. Sodium. The solutions for sodium determinations 
were evaporated to dryness in 30 cc. beakers, and the 
procedure of Butler and Tuthill (13) was followed. 

Barber and Kolthoff (14) have stated that a contam- 
inating precipitation of the potassium triple salt occurs 
only in the presence of more than 50 mgm. of KCl per 
cc., while a precipitation of some K^SO^ itself may occur 
in the presence of somewhat smaller amounts of K^SO;^. 
Butler and Tuthill have accepted this finding. Never- 
theless, we found that sodium precipitates obtained from 
the muscles (either series) and also from known mixtures 
of and NaCl of approximately muscle propor- 


tions contained some potassium. Mond and Netter (IS) 
also found sodium determinations on muscle tissues to 
be higher than their true values when made as uranyl- 
zinc-sodium-acetate precipitates in the presence of the 
muscle potassium. We therefore worked out a correction 
curve for the increase in weight of sodium precipitate 
with increasing amounts of potassium present, making due 
allowance for sodium blanks on the potassium sulfate 
used in the known mixtures. From this curve was taken 
the absolute weight increment to be subtracted from any 
given weight of sodium precipitate, on the basis of the 
amount of potassium known to be present in the given 
solution from the potassium value determined on another 
aliquot of the same ash. These corrections ran from 0 
to 3.1 mgm. for the presence of 6 to 20 mgm. of potas- 
sium in the 2 cc. of solution used for sodium determina- 
tion. It was only in the cases of the larger amounts of 
potassium that the correction was of an order of magni- 


TABLE II 


Edematous rats— first series 

(Listed in order of increasing water content in whole tissue) 


Num- 

ber 

of 

rat 

Diet 

pe- 

riod 

Serum 

total 

nitrogen 

per 

100 cc. 
X6.25 


Free 

fluid 

found 

Fluid 

so- 

dium 

Muscle 

Terminal weight 
changes 

! Water 
of 

! whole 
' tissue 

Pro- 

tein 

nitro- 

gen 

So- 

dium 

Po- 

tas- 

sium 

1 

Extra- 

cellu- 

lar 

fluid 

Intra- 

cellu- 

lar 

water 

Potas- 

sium 

Sodium 

+ 

potas- 

sium 

Protein 

nitrogen 

potassium 


days 




, mM. 
per 
liter 

per 

cent 

mM, Per kgm, 
whole tissue 

ml. Per kgm. 
•whole tissue 

mil. 
ttr tiler 
cell water 

mM, 
per liter 
iotolHiO 

ratio 

ICi 

62 

s.t 

Gained 3 grams in 

2 days 

None 

— 

73.9 


29.8 

91.5 1 

j 

208 

533 

170 

164 

22.6 


m 

4.8 

No gain 

None 

— 

7S.8 

2120 

27.8 


194 

566 1 

176 

169 

21.1S 



3.6 

No gain 

None 

— 

7S.9 

2191 

33.7 

97.3 

23S 

826 

183 

172.5 

22.5 

K« 

83 

3.6S 

! 

Gained grama 

in 2 days 

Chest and 
' abdom.* 

! 0.3+ ml. 

— 

76.9 

2026 

1 

! 

34.1 

90.8 

238 

1 

1 

533 

16B.S 

162 

22.3 

Ks 

1 73 

m 

Gained 5 grams in 
3 days 

None 

— 

77.0 

1936 

g| 

90.7 

243 

529 

169.5 

163 

21.3 

Kio 

93 

3,6 

' Gained 2 grams in 

1 1 day. Other gains 
and losses 

Chest and 
abdom. 
0.5+ ml. 

141.8 

77.0 

1996 

36.3 

89.6 

253 

519 1 

1 

171 

1 

163,5 

22.3 

Ki. 

76 

3.25 

Gained grams 

in 1 day. Main- 
tained 1 day 

Abdom. 

only 

0.4+ ml. 

— 

77.7 

2026 

28.8 

99.5 

201 

578 

171 

165 

20.4 


74 

4.05 

Earlier rapid gains 
and losses 

None 

— 

78.1 

1986 

49.3 

71.5 

344 

j 

440 

159t 

154t 

27.8 


92 

3.0 

Earlier rapid gains i 
and losses i 

None 

— 

79.0 

I860 

51.1 

82.7 

356.S 

437 

186 

169 

22.5 


75 

3.1 

Gained 3 grams in 
3 days 

Chest and | 
abdom. i 
1.8+ ml. 

141.8 

79.8 

1795 

53.1 

I 73.9 

370.8 

431 

1 

1 168 

1 

159 

24.3 

K. 

77 

3.05 

Gained 5 grams in 
3 days. Main- 

tained 1 day 

Abdom. 

only 

0.8+ ml. 

149.1, 

1 

1 

80.0 

1780 

56.0 

73.6 

391 

413 

1 

174 

162 

24.2 

Kii 

75 

2.75 

Gained 4 grams in 

1 day 

Chest and 
abdom. 
2.0+ ml. 

144.8 

1 

1 

1 

80.5 

1726 

54.6 

77.7 

1 381 

1 

1 

428 

! 178 

1 

1 

164 

22.2 

Range 

186-I6St 

I72-159f 


A\'crafe 

174t 

I6St 


* abdom.=abdomina!. 

t From the figures of both range and average the values for Kj have been omitted — see discussion. 
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table in 

Normal rafs — second scries 


Number 

of 

rat 

1 

Diet 

pe- 

riod 

Serum nitroKon 

X 0.25 per 100 cc. 

Mu.?cle 

Total 

AUni- 

min 

1 

Glob- 

ulin 

1 

Water 

Sodium 

1 

Potassium 

1 

Extracellular 

fluid 

Intracellular 

water 

Potas- 

sium 

Sodium 

+ 

potassium 

Of 

wliolc 

ti.fsuc 

Of 

fat 

free 






per 

per 

m.tg. per hrm. 0 } 

ml. per kgm. of 

mM. 

mM. 






cent 

cent 

fat-free tissue j 

fat-free tissue 

per liter 
cell water 

per liter 
total ffjO 

K-pC-fB. 

84 

8.5 

4.15 

4.35 

72.65 i 

77 

25.5 

93.1 

178 

595 

155 

154 

K+Cji 

76 

7.45 

3.6 

3.85 

73.9 

77.35 

23.8 

108.8 

166 

609 

177.5 

171 

K-pC-PBi 

147 

7.65 

4.45 

3.2 

74.4 

m 

21.95 

97.4 

153 

617 

157 

155 

i 



III 


75.35 

76.65 

19.25 

98.0 

134 

633.5 

' 154 


K-PC.,* 

147 

7.3 


3.6 

— 

— 



1 . 







m 


76.0 

77.3 

19.25 

102.9 

134 

1 

640 

160 


K-PC+B^ 

144 

7.45 

3.75 


71.3 

76.65 

27.2 

99.2 

190 

578.5 

170 

165 

K-PCos ^ 

102 

1 

8.85 

4.15 

4.7 

74.45 

77.1 

23.3 

96.3 

163 

610 

157 

155 

K-pCj4 

144 

m 

m 

3.8 

74.0 

Not completed 






Range 

■ 

9 





i 

190-134 

578-640 

177-154 

171-153 

Average 

1 

7.8 

3.9 

3.9 

1 74.0 

77.0 

22.9 

99.4 

160 

612 

161.5 

158.7 


* Two samples. 


tude equal to or larger than the experimental error of 
the sodium method. However, the proportionate correc- 
tion was applied to all weights. The removal of po- 
tassium with saturated ammonium perchlorate solution 
proved to be much more tedious and to bring about re- 
sults on known sodium solutions that were approximately 
2 per cent low. 

S. Potassium. The aliquots of ash for potassium de- 
terminations in both series were evaporated to dryness 
in 30 cc. beakers, and the potassium determinations were 
made by the Shohl and Bennett (16) method using their 
colorimetric procedure. 

In edema fluids the protein was removed with 20 per 
cent trichloracetic acid and for sodium determination an 
aliquot of the filtrate was transferred directly to the 
uranyl-zinc-acetate reagent in the glass filter. 

The serum albumin and globulins were separated by 
the method of Howe (17). All serum nitrogen deter- 
minations were done by the Koch and McMeckin (18) 
micro-Kjeldahl method. 

Blanks on all reagents used in all procedures were 
determined repeatedly. 

Discussion of tables 
The normal rafs 

In Table I, the animals are not listed in a 
particular order. They are, however, grouped 
according to diet, and the litter mates are listed 


in succession. In Table III, the second group 
of normals is arranged also with litter mates in 
succession, the two diets being differentiated by 
the numbers assigned to the animals. In com- 
paring the two tables of nonnals it is to be noted 
that the average percentage of water in the whole 
muscle of rats in Table III agrees very closely to 
that found for the previous K -f C group, that 
the N group is about 1 per cent lower and the 
K -{- A group about 1 per cent higher.® The 
maximum variation in water among the animals 
in any diet unit in Table I, however, is 2 per cent, 
while the variation in Table III reaches almost 
5 per cent in the water figures. It is interesting 
to see that the percentage of water based on fat- 
free tissue has greater constancy than the per- 
centage of water of whole tissue. The variation 
between extreme values in fat-free tissues does 
not exceed 0.7 per cent. This extreme variation 
of the whole group is shown between the two 
samples from one animal, K -f- Coi- The average 
for fat-free tissue is 3 per cent higher than the 
average for whole tissue. The 5 per cent varia- 

See footnote 6 on page 358. 
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tion noted in this series in terms of whole tissue 
can, then, be explained chiefly as due to variations 
in fat content of the whole tissues. 

Surprisingly enough, there is no greater con- 


stancy in sodium and in potassium figures in the 
fat-free tissue of the normal animals in Table III 
than in the corresponding figures based on whole 
tissue of the normal animals in Table I. One 


' TABLE IV 

Edematous rats — second series 

(Listed in order of increasing water content in fat-free tissue) 


Number 

of 

rat 

Diet 

pe- 

riod 

Serum nitrogen 

X 6.25 
per 100 cc. 

Terminal 

weight 

changes 

Free 

fluid 

found 

Fluid 

so- 

dium 

Muscle 

Water 

So- 

dium 

Potas- 

sium 

Ex- 

tra- 

celiu- 

lar 

fluid 

Intra- 

cellu- 

lar 

water 

Potas- 

sium 

Sodium 

+ 

potas- 

sium 

To- 

tal 

Albu- 

min 

Glob- 

ulin 

Of 

whole 

tissue 

Of 

fat 

free 

K-t-Bj! 

days 

75 

4.8 

2.2 

2.6 

No gain 

None 

mM. 

per 

liter 

PtT 

cent 

75.0 

per 

cent 

77,85 

tnM. 

fat~fr 

22.1 

per kgm. 
ee (issue 

113.7 

mi. 

fal-fr 

154 

er kgm. 
ee tissue 

616 

tnM. 
Per liter 
cell water 
180.5 

mM. 

Per liter 
total HiO 
174 

K-fCPi 

m 

3.25 

1.2 

2.05 

No gain 

None 

— 

76.2 

raj 

gQ 

97.9 

242 

539 

180 

170 

K+CP< 

m 

4.65 

1.7 

2.95 

No gain 

None 

— 

73.65 



111-3 

190.5 

591.5 

187 

178 

K+YPj 

84 

4.35 

1.95 

m 

Gained grams 1 day 

after 1 gram loss 

None 

— 

73.7 

78.0 

26.7 

108.3 

186.5 

595.5 

180.5 

173 

K+CPi 

76 

5.35 

2,35 

3.0 

Gained 3 grams 2 days 
after 4 grams loss 

None 

— 

72.15 

78.1 

23.55 

109.2 

164 

618 

176 

170 

K-I-Bm 

m 

4.7 

1.95 

2.75 

Gained 2 grams in 2 days 

None 

_ 

74.1 

tHH 

ran 

104.0 

d 

613 

168.5 

164 

K-t-CPi 


3.1 

i.l 

■ 

Gain and loss 2 grams in 

2 days. Earlier c>'des 
also 

Chest and 
abdom. 
0.3+ ml. 


77.2 

78.6 

46.8 

83.3 

327 

462 

177.5 

165.5 

K-)-G, 

m 

m 


m 

No gain 

None 


76.9 

PH 


108.8 

ran 

588 

183.5 

175 

Ku 

83 

4.65 

2,05 

2.6 

Gained IH grams Iday 
after 3 grams loss 

None 


75.1 

78.9 

27.8 

104.3 

194 

597 

173 

167 

K+YPi 


6.2 


m 

No gain 

None 


75.8 


25.25 

106.7 

d 

616 

172 

167 

K+Ba 

^^9 

3.45 

m 

2.35 

No gain 

None 


76.25 

^1 

30.0 

102.5 

ran 

583 

174.5 

168 

K:i 

104 

2.85 

0.8 

2.05 

No gain 

Abdom. 
0.3+ ml. 

— 

76.95 

79.35 

33.45 

101.8 

233 

562.5 

179 

171 

K:i 



1.25 

2.3 

No gain 

None 

— 

71.2 

Pigj 

35.3 

89.45 

246 

550 

161 

157 

K+YP, 



1.6 

m 

No gain 

None 

— 

77.0 

ran 

36.9 

98.4 

257.5 

540 

I80.S 

170 

K:i 

75 

3.05 


■ 

No gain 

Chest and 
abdom. 
0.2+ ml. 

— 

78.55 

80.4 

50.3 

84.6 

351 

456 

I82.S 

168 

K+Gi 

m 

m 

la 

1.8 

No gain 

None 

— 

ma 

ran 

ran 

94.8 

ran 

539 

174 

166 

K+Bii 

144 

3.65 



No gain 

Chest and 
abdom. 
0.4+ ml. 

— 

80.7 

81.2 

43.95 

73.7 

307 

508 

143* 

145* 

K+YP< 

138 

1 

1 


Gained grams in I 

day 

Chest and 
abdom. 
1.5+ ml., 
subcu. 
0.2+ ml- 

140.5 

81.25 

81.7 

61.65 

68.7 

430 

390 

172 

IS9.5 

K-PBii 

138 

2.45 



Gradual gain of 7 grams 
in 15 days, 2 grams in 
last 2 days 

Chest and 
abdom. 
1.0+ ml., 
subcu. 
0.5+ ml. 

I4I.3 

143.9 

81.55 

83.25 

59.0 

67.25 

411 

425.5 

154 

152 

Ku 

125 

2.65 

1.0 

1.65 

I-ost 4H grams 1 day 
after gain of 5 grams In 
3 days. Two other 
cj'cles 

Chest only 
0.4+ ml. 


81.6 

83.3 

1 

63.2 

490 

348 

176 

160 


Range 

Average 


I«7-I54 

175,5* 


175 - 152 * 


^ • From the figures of both range and average the ^*a!ues for K-fB*! have been omitted since it scemsnot unlikely that 
their extreme lowness is due to te^nical error. 
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might have expected that these liases, which are 
presumed to be in solution in the muscle water, 
would follow water in showing less variation 
when based on fat-free tissue. The variation in 
potassium of this fat-free series is, in fact, greater 
than that in the other scries and taken by itself 
the N group of animals, made up of a variety of 
litters but all on the same non-carrot normal diet, 
shows the greatest constancy in sodium and po- 
tassium figures even in terms of tissue which 
must have had some variations in fat content. 
From this it might be inferred that the animals 
on the control carrot diets, and especially those 
of the second series, had larger variations in the 
relative amounts of their intracellular and extra- 
cellular muscle water than the N scries. The 
possibility of less accurac}^ in the method of ash- 
ing in quartz, used preparatory to these deter- 
minations in the second series, was considered, 
but from the ashings of Icnown salts we could 
get no evidence of less reliability in this procedure 
than in our previous procedure of extraction plus 
ashing in platinum. The final chemical methods 
used in both series were the same. 

The serum albumin and globulin figures re- 
corded for normal rats in Table III indicate that 
the serum albumin: globulin ratio in white rats is 
1 as contrasted with about 2 for this ratio in 
man. 

The edematous rats 

In Table II the animals are listed in the order 
of increasing water content in whole tissue, in 
Table IV in the order of increasing water con- 
tent of fat-free wet tissue. There is a very rough 
correlation of increasing water contents with de- 
creasing serum total nitrogen and serum albumin 
figures. This correlation which is better when 
calculated extracellular fluid contents are com- 
pared with serum protein values will be discussed 
below. 

Calculations 

The calculation of extracellular fluid was based 
on the assumptions that all the sodium of the 
muscle is in the extracellular fluid and that its 
concentration in this fluid is 143.3 mM. per liter 
of fluid, which is the mean of the seven values 
determined for the concentration of sodium in 
free fluids from edematous rats. The cell water 


was calculated by difference between fluid water 
and total water (using 99 per cent of the fluid 
value as its water value). Finally, having made 
an allowance of 4 mM, of potassium per liter of 
extracellular fluid (this being the medium value 
for potassium from among those reported for 
various edema fluids by several authors (19, 20, 
21)) the concentration of the remaining potas- 
sium in the cell water was calculated. Because 
of physiological variation of sodium concentration 
in extracellular fluid a mean value cannot be con- 
sidered as accurate for any individual animal 
even if it is based on more determinations than 
we had. Since a constant value (143.3) was 
used for all our animals as a basis for the several 
calculations, the inaccuracy involved here must 
be reflected in an exaggerated variation between 
animals in the final calculated result; namely, the 
potassium concentration in the cell water. 

The validity of the assumption that all muscle 
sodium is in extracellular fluid is discussed be- 
low. So also is the consideration that the con- 
centration of sodium in this fluid should have a 
slightly different value in the fluid of the normal 
animal than that found in the edema fluids. Hast- 
ings and Eichelberger (10) and Harrison, Har- 
row and Yannet (22) base their calculations on 
the assumption that chloride is present only in 
extracellular fluid and on chloride concentrations 
found for each animal by applying the Donnan 
ratio to the individual serum chloride figures, 

DISCUSSION 

Relation of edema fluid in muscle to serum 
protein levels 

In the figures for extracellular fluid content 
of muscle at different serum protein levels we 
have quantitative evidence that the muscle tissue 
becomes slightly edematous with the first decrease 
of serum protein, and that it becomes increasingly 
so with decreasing serum proteins.® This rela- 

® The four animals, K -h to K 4- A^, though they 
are included in Table I as normal animals, ought prob- 
ably to be considered as on the borderline of fluid reten- 
tion. Their diet was hardly adequate in protein for 
growth, and this is reflected in a tendency to lower serum 
protein as compared to other normals, and a tendency 
to slightly higher muscle sodium and water values. The 
average calculated extracellular water figure for this 
group is consequently somewhater higher than that of 
the other normal groups. 
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tionship is plotted in Figure 1. It shows that 
there are increasing slight accumulations of edema 
fluid in the muscle while the serum total protein 
values are dropping from 6.5 to 4.5, the serum 
albumin values from 3.5 to 2.0, and that the 
accumulation of fluid becomes progressively 
greater when the serum total protein falls below 
4.5 per cent and the albumin below 2.0 per cent. 
Weech, Snelling and Goettsch (23) studied the 
behavior of weight curves and their relation to 


The theory of a “ critical level of plasma pro- 
teins ” which must be reached before edema oc- 
curs has grown out of the circumstance that the 
presence of edema can usually be ascertained only 
by such gross methods as the following; body 
weight increase, palpability, swelling of parts and 
occurrence of free fluid in the cavities. More- 
over, a completely rational filtration theory for 
the mechanism of edema formation must include 
the conception that filtration begins with the first 


Total 

Protetn 



Fig. 1. The Relation of the Extracellular Fluid Content of Muscle to 
THE Serum Total Protein and Albumin Values. 

The crosses represent values for nornial animals and the dots for edematous 
animals. The symbol f indicates that free fluid was found in these animals. The 
extracellular fluid values per kilogram of whole tissue (Tables I and II) are 
plotted on the same scale as the extracellular fluid per kilogram of fat-free tissue 
(Tables III and IV). 


declining plasma proteins as well as sodium, chlo- 
ride, and nitrogen balances in dogs with nutri- 
tional and plasmapheresis edemas. They con- 
clude that there is no indication of “ the existence 
of a ‘ margin of safety ’ in the plasma oncotic 
pressure which must be exceeded before retention 
of salt and water begins ” and that their “ data 
argue in favor of gradual fluid retention which 
seems to accompany the entire process of plasma 
protein depletion.” It seems likely to us that this 
situation exists in the tissues during the course 
of plasma protein depletion in nephrosis, also. 


decrease of the plasma oncotic pressure below the 
level of the balancing pressures. 

Relation of muscle protein nitrogen to potassium 

In the normal rats of Table I the ratio of 
muscle protein nitrogen to muscle potassium lias 
extreme values as far apart as 11.4 per cent of 
tlie average ratio. It would seem then that as 
related to cell protein the variation in amounts 
of cell water, if this is determined by a constant 
concentration of potassium, can reacli the extreme 
of about 12 per cent in normal tissues. If not. 
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the variability in the ratio must be a combination 
of variations in concentration of potassium in 
cell water and in the amounts of cell water as 
compared to cell protein. In giving this signif- 
icance to the ratio of protein-nitrogen to potas- 
sium the small amount of potassium in extracel- 
lular water is disregarded. Gamble, Ross and 
Tisdall (24) used the concept of a constant re- 
lationship of cell protein to cell water, together 
with their findings of potassium and nitrogen 
excretion during starvation, as a basis for calcu- 
lating intracellular water lost by protein metabo- 
lism, and, by difference, the amount of intracel- 
lular water lost due to reduction of cell volume. 
The latter, they consider, is roughly determined 
by the amount of glycogen depletion. Lavietes, 
D’Esopo and Harrison (25) review Gamble’s 
reasoning and point out that the possibilities of 
large variations in cell water without “ change of 
nitrogen or glycogen or even potassium balance 
as the result of a change in the molar concentra- 
tion of the body water as a whole through the 
addition or removal of water without base or a 
change in the concentration of sodium in inter- 
stitial fluids, which necessitates an exchange of 
water with the cells in order to restore osmotic 
equilibriunn” make it unreasonable to assume that 
" cellular protein or glycogen is associated in 
such fixed proportion with water that the excre- 
tion of one inevitably entails the elimination of 
an equivalent amount of the other.” 

It was therefore not to be expected that in the 
course of progressing edema and starvation the 
ratio of protein-nitrogen to potassium should be 
maintained at a constant level, but with such a 
range of variation in normals it is perhaps not 
surprising that nine out of twelve of the rats in 
Table II did maintain a ratio of muscle-protein- 
nitrogen : potassium in the normal range or very 
near its upper limit. Among these nine were two 
of the most edematous animals in the group. The 
nine ratios average somewhat higher (21.9) than 
the normal average (21.4), indicating perhaps a 
tendency to some loss of cell water accompanied 
by potassium beyond that from protein metab- 
olism or a tendency to lowered potassium con- 
centration in the cell water. The three remaining 
quite edematous animals showed a high ratio of 
nitrogen to potassium, which means either a loss 


of water and its base out of the cells beyond the 
loss by protein metabolism or else a dilution of 
potassium within cell water. The latter alterna- 
tive is not consistent with the results in general 
from calculations of potassium concentration 
based on the intracellular water values, but in 
the case of which has the highest ratio, it 
appears that there may be an unusual dilution of 
potassium. However, a gross error in the potas- 
sium determination of this one muscle could ac- 
count for both the high ratio of its protein nitro- 
gen to potassium and the low calculated potassium 
concentration. 


Osmolal concentrations of bases in the two com- 
partments of tissue water 

We are indebted to Prof. A. B. Hastings for 
his aid in clarifying our concept of how the values 
of the various constituents of a tissue in terms of 
a unit weight of tissue are affected by addition of 
water to that tissue. In considering the amount 
of fluid retention in any tissue it is misleading to 
use the water percentage or grams of water per 
kilogram of the original (normal) tissue as a 
basis from which to calculate the retention in the 
edematous tissue. A muscle, for example, which 
had 750 cc. of water per kilogram to begin with 
has had 250 cc. of water added to each kilogram 
of original tissue to make it an edematous muscle 
containing 800 cc. of water per kilogram. In 
other words the fluid added is 25 per cent of the 
original weight of tissue rather than only 5 per 
cent. Or, more simply, from the solids stand- 
point the 25 per cent solids are diluted to 20 per 
cent solids which means a change to % of the 
original bulk or addition of water equal to 34 
the original weight. In the new kilogram of 


tissue then, there is 


1000 

1250 


X 250 cc. = 200 cc. of 


the retained water and the equivalents of sodium 
and chloride ions retained with it. Now, if origi- 
nally, all the sodium and chloride ions in the kilo- 
gram of tissue were in solution in 150 cc. of its 

water (extracellular portion) and 

original amount of sodium and of chloride ions 
is present in the kilogram of new tissue, the new 
kilogram of muscle now contains sodium and 
chloride ions in amounts equivalent to 120 -{- 200 
cc. of water if the sodium and chloride ions were 
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added in the same concentrations as those in the 
original extracellular water (plasma filtrate con- 
centrations). Hence the quantity of sodium and 
of chloride ions has increased per kilogram of 
tissue from an amount equivalent to ISO cc. of 
water to an amount equivalent to 320 cc. of water. 
Each will have more than doubled in value, then, 
while the water figure has increased only by % 
of its original value. The increase in sodium 
and chloride values per kilogram of tissue will 
be related to the increase in water value as 170 
is to 50 which would seem to make the added 
sodium and chloride ions 3.4 times as concen- 
trated in the added water as they really are. In 
this fact lies the fallacy of Lepore’s (26) con- 
clusion that chloride found in the muscle was 
“ stored hypertonically,” As Peters (27, page 
137) points out “no interpretation can be made 
without knowledge of the total osmolar concen- 
tration in the interstitial fluids at the beginning 
and at the end of each experiment,” and for this 
knowledge more complete data are required. 
However, it is not necessary to assign the great 
variability and the large values of Lepore’s “ mo- 
larity of stored chloride ” to “ large technical 
errors ” as is done by Peters. Such variability 
and such apparently tremendous excesses of 
chloride as compared to water excesses are en- 
tirely possible when the figures are treated in that 
way. In the instances of only 1 per cent increase 
of water content in a tissue the discrepancies 
of excess chloride compared to excess water fig- 
ures explainable by the above can even be more 
than doubled if the average normal value for 
water (used as a basis for calculation) happens 
to be off by 1 per cent or more of what is really 
normal for that individual animal. There is 
enough variability in the water of muscles of 
normal animals when fat is not extracted so that 
an average value may easily be 1 to 2 per cent 
off for an individual specimen. Hence molarity 
figures for chloride in the neighborhood of 1 . 0 , 
as several that occur in Lepore’s report, which 
are 8 to 9 times plasma filtrate molarity, are 
explainable by combination of this circumstance 
with the fallacious handling of figures as outlined 
above. 

Though the calculations of amounts of extra- 
cellular water, and by difference, amounts of 


intracellular water, could be done with more as- 
surance on the basis of chloride determinations 
than on the basis of sodium, since all experimental 
evidence seems to point to the conclusion that no 
chloride whatever is to be attributed to muscle 
cells (Peters (27, pages 132, 133)) yet the broad 
conclusion of other workers that probably also no 
sodium is to be found in skeletal muscle cells 
(Peters (27, pages 129, 130)), gives us this basis 
for using our sodium figures. With the findings 
of Hastings and Eichelberger (10) in mind that 
“approximately S mM. of sodium per kilo of 
tissue ” in dog muscle is attributable to the muscle 
cells, and the following conclusion of Harrison, 
Harrow, and Yannet (22) in mind also, that, “ ex- 
cept for the skeletal sodium and 10 per cent of the 
sodium of dog muscle, all of the sodium of the 
body can be accounted for in the same volume of 
extracellular water which would contain the body 
chloride,” we admit the possibility that from 10 
to 20 per cent of our sodium in normal muscles 
should be excluded from calculation as osmotically 
active extracellular sodium.'^ Harrison, Harrow 
and Yannet found practically no “ extra sodium ” 
in the separate muscle determinations in rabbits, 
however. No one has reported the relationship of 
the muscle sodium to muscle chloride for rats, and 
it is to be regretted that we do not have the neces- 
sary data to do so. However, with 15 per cent 
allowance for “ extra sodium ” our several nor- 
mal ® averages for extracellular fluid would be 
lowered to 127 ml. (N group), 129 ml. (K -{- Q 
to K -|- C 4 ), and 136 ml. (Table III). As they 
now stand the averages are 150, 151, and 160, 
respectively. All of the extracellular water values 
in normal rats, as they stand without correction 
for “ extra sodium,” come within the range of 13 
to 20 per cent of the muscle weight. This is in 
agreement with the more or less general conclu- 
sion from a variety of investigations concerning 
the amount of interstitial fluid in muscle tissue 
(Peters (27, pages 128, 130, 134, 141)). With a 


For discussion of “ extra sodium ” sec Peters (27, 
pages 139 to 142). As a result of many perfusion experi- 
ments with frog legs, Jfond and Netter (15) come to 
the conclusion that there is sodium in an amount up to 
30 mgm. per cent which is not balanced by chloride, 
bound in some way to the surface of the muscle fiber. 

® Excluding the K -t- A group, see footnote 6 on page 
35S. 
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15 per cent allowance for “ extra sodium ” the 
great majority of extracellular water figures in 
normal rats would fall below 150 ml. or 15 per 
cent of the whole tissue, and would range down to 
11 per cent of the whole tissue. This range has 
some support also from the figures for interstitial 
fluid in muscle of dogs calculated by Peters (27, 
page 135) on the basis of Lepore’s figures. 

To carry along the effect of a 10 to 20 per cent 
change in extracellular water figures into the sub- 
sequent calculations would mean a 2^ to 5 per 
cent decrease in the concentration of potassium in 
the intracellular water. Since our figures from 
normal rats for potassium concentration in intra- 
cellular water seem to run somewhat high (154 to 
178) as compared to those given for muscle and 
various other tissues in various animals (22) 
(muscle: one dog, 132; one monkey, 143; one 
rabbit, 122; other tissues: 109 to 155) it might be 
argued that the “ extra sodium ” allowance would 
bring them closer to other muscle figures. How- 
ever, it might equally well be argued, as shown 
above, that it would bring the extracellular water 
figures out of line with those reported figures that 
are in the neighborhood of 17 to 20 per cent 
(Peters (27, pages 130, 134, 141)). Besides, our 
figures for concentration of sodium plus potassium 
in total water also average higher than other re- 
ported figures. Light, Smith, Smith and Ander- 
son (28) give figures ranging from 125.4 to 176.6 
on whole rat bodies, and Harrison, Harrow, and 
Yannet (22) show results for muscle of one dog, 
144; one monkey, 149; one rabbit, 127 ; while for 
other tissues in these animals they give sodium plus 
potassium concentration ranging from 139 to 175. 
The range of 153 to 171 covers all of our sodium 
plus potassium concentrations per liter of total 
muscle water in normal rats. Our average in 
Table III is no higher than the one figure cal- 
culated from the Katz analysis of human muscle 
as shown by Peters (27, page 129) though the 
relative amounts of sodium and potassium are 
quite different from these figures for human 
muscle, and as Peters points out the Katz figures 
seem to run higher than other reported muscle 
figures. At any rate, for a comparative study as 
between normal and edematous rats, of the osmotic 
concentrations of potassium or sodium in their 


respective compartments of water, the “extra 
sodium " can be disregarded. 

Relation to edema 

In general, the relations of sodium and potas- 
sium to muscle water in our rats with a nutritional 
edema and hypoproteinemia are such as to indicate 
that the stored sodium and water can be entirely 
accounted for by an accumulation of ultrafiltrate 
of the plasma. The extracellular fluid per kilo- 
gram of tissue may reach an amount as great as 
three times the normal with no significant change 
in the osmolal concentrations in the two compart- 
ments of muscle water. This is the broad con- 
clusion resulting from comparison of the values 
for sodium plus potassium per liter of total muscle 
water and for concentration of potassium per liter 
of cell water in the normal animals with the same 
values in the edematous animals. A more de- 
tailed analysis of these figures can be had from 
Figure 2, and from the following discussion of 
the tables. For the first series of edematous ani- 
mals in Table H the average values are essentially 
the same as the complete average for the first 
series of normal animals in Table I, though there 
is more variation in these values among the 
edematous group. For values of concentration 
of potassium in cell water there are three higher 
than the highest normal and one (Kj) so much 
lower than the lowest that there seems a possi- 
bility of technical error as mentioned above. For 
the second series of edematous animals. Table IV, 
these average values are 5 and 8 per cent higher 
than the same averages for the second series of 
normals, Table III. As before, there is also more 
variation than among the normal group but this 
second normal group itself shows much more 
variation than the earlier normals, and the average 
figure for sodium plus potassium concentration 
is 5 per cent lower, the potassium concentration 
6 per cent lower than the corresponding figures 
in the first normal series. Were this last edema- 
tous series to be compared with the earlier nor- 
mals then, it would hardly show any significant 
difference in average values. It is perhaps more 
reasonable to make the comparison with the group 
of normals which was dieted coincidentally and 
in which the procedure for analyses was the same. 
From this comparison it might be concluded that 
there is a tendency for slightly higher osmotic 
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Fig. 2. The Concentration of Muscle Bases in Relation to the Water Content of the 

Muscle. 


The crosses represent values for the concentration of Na + K in total water, and the dots, 
values for the concentration of K in calculated cell water. 


concentrations in the total muscle water of edema- 
tous rats than in the muscle water of normal rats. 
This could be a reflection of a slightly higher than 
normal sodium concentration in the plasma of 
edematous rats, which might show its effect in 
the tissues as an increased sodium concentration 
in interstitial fluid, and, in consequence, by a shift 
of water out of the cells to satisfy osmotic equilib- 
rium, an increased potassium concentration in 
the cell water. Darrow and Yannet (29, 30) have 
shown definitely that the shift of water between 
erythrocytes and plasma is such as to reestablish 
osmotic equilibrium when a change from the nor- 
mal has occurred in the osmolal concentration of 
the plasma. As these authors and Peters (27, 
pages 144, 145) argue, the same is to be expected 
between other cells and the fluid surrounding 
them. Without serum sodium figures to estab- 
lish a relationship between the muscle bases and 
the chief base of the serum, we cannot go beyond 
conjecture on this point. At any rate, the in- 
creased base concentration in these edematous rats 
is not out of physiologic range, and must theo- 
retically be shared by both the intracellular and 
extracellular water. This would indicate that the 


figure used for sodium concentration in the inter- 
stitial fluid of normal animals should have been 
slightly lower than that of the edema fluids. 
There seems to be no correlation of this tendency 
to higher base concentration with the degree of 
edema. 

CONCLUSIONS 

Lack of vitamin G is not significant for the 
occurrence of edema in young rats on a protein- 
poor carrot diet. The addition to the diet of as 
small an amount as 0.05 gram daily of a bio- 
logically good protein causes some delay in the 
edema formation. 

The ratio of albumin to globulin in normal rat 
serum is equal to 1 , as contrasted to approximately 
2 in normal human serum. The loss of serum 
protein in rats with a nutritional edema is more 
at the expense of serum albumin than serum 
globulin, as in the human edema, so that the ratio 
of serum albumin to globulin becomes less than !. 

The calculated values for amounts of extra- 
cellular water in muscle with declining serum pro- 
tein values indicate that the retention of fluid in 
the muscle begins with the first loss of scrum 
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protein and progresses with increasing liypopro- 
teinemia. This finding argues against the concept 
of a “ critical level ” of plasma proteins for the 
formation of edema fluid. The progressively 
greater accumulation of edema fluid in the muscle 
when the plasma protein drops below 4.5 per cent 
correlates with the gross findings in clinical 
edemas. 

In general, the values of muscle sodium and po- 
tassium, and of muscle water in rats with a nu- 
tritional edema are such as to be accounted for 
by normal concentrations of sodium in extracellu- 
lar water and potassium in intracellular water. 
An appreciable number of edematous animals did 
show a 5 to 8 per cent increased concentration for 
these two bases combined, but this is not out of 
physiologic range of osmolal changes. The 
theory that the accumulation of fluid in the tissues 
in conditions of h)^poproteinemia is simply a result 
of ultrafiltration through the capillaries caused by 
the reduced plasma osmotic pressure is compatible 
with these determinations of the predominant 
bases in edematous rat muscles. 
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Chemical investigations of the activity of the 
gallbladder have aided notably in clarifying the 
etiology of gallstones. Detailed reviews have 
been published by Lichtwitz (1) and Ivy (45). 
Particularly important is the striking alteration 
of gallbladder function caused by infection of or 
injury to the mucosa demonstrated in the dog by 
the experiments of Drury, Rous and McMaster; 
Ravdin, Johnston and Riegel; and of Andrews 
and associates. It has been shown by these work- 
ers that changes in the composition of bile ex- 
posed to the action of pathologically altered gall- 
bladders tended to diminish the effectiveness of 
the bile as a solvent for cholesterol. Thus, con- 
siderable experimental evidence has been pre- 
sented to connect the development of gallstones 
with infection of or injury to the gallbladder 
mucosa. The most convincing support has been 
derived from experiments done upon dogs, al- 
though data have been published from the labora- 
tories of Ravdin and of Andrews showing that 
similar processes appear to operate in the human 
gallbladder. Species differences, however, neces- 
sitate caution in drawing close analogy between 
observations made in the presence of experimental 
gallbladder injury of dogs and in human cholecyst- 
itis. As has been pointed out, human bile differs 
in composition from dog bile, and also, the re- 
sponse to disease and injury of the biliary tract 
in man is not quite the same as that of the dog 
under experimental conditions. Human bile is 
rich in cholesterol as compared with dog bile. It 
differs in type and amount of bile acid. Chole- 
cystitis in the dog causes the gallbladder contents 
to become more alkaline, but in man the opposite 
effect is generally observed. Therefore, more 
complete investigation of additional human mate- 
rial is desirable to establish clearly the conse- 
quences of cholecystitis and its role in cholelithia- 
sis, as well as to correlate more closely such 
observations with the studies on animals. The 


results of a chemical study of human gallbladder 
bile are reported in this paper. The explanation 
of gallstone formation provided by the work of 
Ravdin, Johnston, Riegel and associates and of 
Andrews, Schoenheimer and Hrdina is supported 
by our data. 

PROCEDURE 

Bile was aspirated directly from the gallbladder into 
a syringe by the surgeon in the course of operation. 
Precautions were taken to avoid exposure to air or loss 
of carbon dioxide. Preceding the operation, the usual 
saline enemas and morphine were given. Some of the 
patients received glucose intravenously in addition. Gen- 
erally, the patients had fasted 12 to IS hours before 
operation, occasionally somewhat longer. 

Determinations of pH were completed within 1 to 2 
hours after collection of the specimen. Other tests also 
were started with a minimum of delay. Occasional 
specimens could not be analysed promptly; pH deter- 
minations were then omitted. Analytical findings were 
not influenced appreciably by delays of several hours. 
The specimens were centrifuged and the precipitate, if 
any, examined for the presence of crystals or other 
formed elements. Measured amounts of centrifuged 
bile were added to warm absolute ethyl alcohol, heated 
to boiling, centrifuged, decanted, and the residue ex- 
tracted twice with alcohol. The alcohol solution and 
washings were combined and diluted to volume in a 
volumetric flask. Aliquots were used for the determina- 
tion of cholic acid, phosphorus and cholesterol. The 
absence of cholesterol esters from bile and the solvent 
action of the bile acids and phospholipid permit the use 
of alcohol alone as an extractive solvent for cholesterol. 
The latter was estimated by a modification of the 
Autenrieth and Funk method (2). Bile saponified two 
hours with 25 per cent potassium hydroxide was ex- 
tracted with ether in a continuous extractor of the type 
described by Quick (3). Cholic acid was determined by 
the modification of the Gregory-Pascoe procedure de- 
veloped by Reinhold and Wilson (4), using the pre- 
cautions recommended for analysis of human bile. Tur- 
bidity resulting from the presence of desoxycholic acid 
was removed by addition of alcohol after color develop- 
ment as described in the method. Phospholipid values 
represent total phosphorus of the alcohol soluble com- 
ponents of bile. 
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In the presence of bile acid salts alcohol appears to dis- 
solve completely bile phospholipid, although Mathews 
(5) states that alcohol precipitates cephalin ordinarily. 
Analytical methods that are not specifically mentioned 
are those listed by Reinhold and Wilson (6). Bile was 
ashed preliminary to determination of cations. To avoid 
possibility of error due to the high concentration of 
solids, water was added to the sample taken for the* 
chloride determination, as suggested by Sunderman and 
Williams (7). Analytical results have been calculated 
on the basis of the concentration per liter of bile. 

Attempts to study changes in the bilirubin content of 
bile of diseased gallbladders were hampered by the 
difficulties of determining this substance quantitatively. 
When possible, direct comparison of the diluted bile 
with solutions of potassium bichromate was made. The 
latter were standardized with the aid of solutions of 
pure bilirubin (0.025 per cent potassium bichromate was 
equivalent to 0.38 mgm. per cent bilirubin). Obviously, 
the method was not applicable when oxidation of the bile 
pigment had occurred. 

The specimens analysed were derived prin- 
cipally from pathological gallbladders showing 
evidence of inflammatory disease. In addition, 
specimens from gallbladders showing no distinct 
pathological changes, as well as specimens from 
gallbladders presenting cholesterosis or neoplastic 
disease, have been examined. 

To demonstrate the cumulative nature of the 
pathological changes in cholecystitis, data are ar- 
ranged in Tables I to III according to the absence 
or presence and the severity of cholecystitis. 
Table I includes data for a group of control 
specimens. In Tables II and III are shown fig- 
ures for specimens taken from gallbladders ex- 
hibiting moderate or marked evidence of disease, 
respectively. When possible, classification has 
been made upon histological evidence. When the 
gallbladder was not removed or examined, the 
conclusions of the surgeon concerning the con- 
dition of the gallbladder were accepted. Histo- 
logically, thickening of the walls, extent of fibro- 
sis, number and quality of villi, and presence and 
degree of inflammatory reaction and cellular in- 
filtration have been given the most weight. Tab- 
ulated according to these criteria, fair homogene- 
ity is observed in each group, while significant 
differences between the groups likewise become 
apparent. An alternative grouping, employed in 
an earlier study (Reinhold and Ferguson (8)) 
and considered in connection with the classifica- 
tion of the present material, depended on the 


presence of calculi in the gallbladder or of both 
calculi and obstruction. Actually, the difference 
in distribution of specimens according to the two 
plans was not great, since only 5 of 35 gallblad- 
ders showing evidence of inflammatory changes 
were without calculi, and only 2 failed to show 
crystals of cholesterol. 

The calculi encountered were almost all of the 
cholesterol calcium pigment type or of the choles- 
terol type. It was not always possible for the 
authors to examine the stones removed. The 
analytical findings of Ray (9) and of Riegel, 
Ravdin, Johnston and Morrison (47) indicate 
that there is less difference in composition be- 
tween various types of calculi than had been 
supposed. 

Composition of bile from gallbladders normal in 
appearance 

Table I includes obsfervations made upon bile 
from gallbladders without perceptible pathological 
lesions or with slight changes. Laparotomy was 
undertaken either for exploration or because of 
disease not involving the biliary tract, although 
gallbladder disease was suspected in several pa- 
tients due to the association of certain charac- 
teristic symptoms with failure to visualize the 
gallbladder by the cholecystographic technic of 
Kirklin (51). The group is heterogeneous, and 
there exists a distinct possibility that abnormali- 
ties of bile secretion and of gallbladder function 
influenced the composition of some specimens. 
Bile from normal living individuals, however, is 
rarely available. The specimens have been ar- 
ranged according to cholate concentrations in de- 
scending order, since it is reasonably certain that 
ability to concentrate bile salts is an especially sig- 
nificant indicator of functional capacity. Thus, 
specimens in the upper half of the table are most 
nearly normal. It is evident that figures for 
some specimens in the lower portion overlap data 
for specimens from patients suffering from chole- 
cystic diseases. Graham and Mackey (50) have 
pointed out difficulties of confirming at times by 
histological methods the presence of gallbladder 
abnormalities. It is possible or even probable 
that gallbladder disease existed unrecognized in 
this group. Adhesions involving the gallbladder 
existed in 6 patients. Crystals, either of choles- 
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terol or bile pigment, were found in 5 specimens, 
although always in small numbers. Neither crys- 
tals, adhesions, nor failure of visualization by 
x-ra}’’, could be correlated with distinctive changes 
in composition of the bile specimens. How- 
ever, Johnston et al. (10), and Riegel and co- 
workers (47), by repeated testing, frequently 
with larger amounts of dye, have succeeded in 
demonstrating chemical differences between speci- 
mens secured from gallbladders exhibiting normal 
response to cholecystography from those with- 
out calculi that failed to do so. The specimens 
ranking near the top in Table I varied only 
slightly in regard to calcium, chloride and bile 
salt concentrations from two samples of normal 
human gallbladder bile analysed for these con- 
stituents by Johnston, Ravdin, Riegel and Allison 
(10). Concentrations of bile acids in those speci- 
mens we consider most nearly normal (the first 
7 in Table I) range far above all except two 
values reported by Andrews (11) for “normal” 
gallbladder bile. It is doubtful whether any of 
the specimens labeled normal by this author should 
actually be so considered. 

All specimens listed in Table I contained high 
concentrations of solid material. This is largely 
bile acid and phospholipid, if the two figures for 
the latter may be considered representative. De- 
termined bile acid, glycocholate and taurocholate, 
often accounted for more than half the total 
solids. The high concentrations of these sub- 
stances are to be contrasted with the far lower 
concentrations found when the gallbladder mu- 
cosa is perceptibly injured. Owing to the fact 
that the modified Pettenkofer reaction employed 
for the determination of bile acids is specific for 
the cholic acids (Reinhold and Wilson (4) ), other 
bile acids that occur in human bile are included 
in the undetermined anion.^ Desoxycholic acid 
appears to be most important quantitatively, ac- 
cording to Wieland and Reverey (12) and Doubi- 
let (13). Chenodesoxycholic acid (12) and litho- 
cholic acid (14) have been isolated from human 
bile and from gallstones, although data are not 
available relative to their concentration. It is to 

1 Doubilet (13) has justly pointed out that data for 
human bile based upon this method alone are incomplete. 
In the present study this objection is avoided because 
changes in the undetermined anion offer means for 
detecting gross changes in other bile acids. 


be expected that differences between normal and 
pathological specimens resembling those seen for 
the cholic acids exist also for the undetermined 
bile acids. High figures for undetermined anion 
in the normal and moderately pathological speci- 
mens do indeed support this conclusion although 
the contrast is not as clearly defined. That there 
is a change in the character of bile acids secreted 
under certain abnormal conditions is suggested by 
the work of Greene, Walters and Fredrickson 

(15) , of Ravdin, Johnston, Riegel and Wright 

(16) , and of Breusch and Johnston (17). Doubi- 
let (13) recently has demonstrated such a quali- 
tative alteration. Doubtless the high undeter- 
mined anion concentration, frequently observed 
in our series in conjunction with relatively low 
cholate, is the result of a similar change in the 
type of bile acid secreted by the liver. 

Chloride concentrations in specimens from 
gallbladders without demonstrable pathological 
changes were considerably less than the concen- 
trations of organic anions. The relatively low 
chloride figures may be contrasted with the high 
values observed in pathological material described 
in the next section. Similar differences have been 
observed by Johnston et al. (10). The concen- 
tration of chloride varies inversely with that of 
bile acid and compensates changes in the latter. 
Bicarbonate undergoes somewhat similar altera- 
tions, and it also may replace or be replaced by 
bile acid. Bicarbonate rarely exceeds chloride in 
concentration and ordinarily it is considerably 
less. While high bicarbonate has occasionally 
been found associated with diminished chloride 
concentrations, generally both are increased or 
lowered together. 

The concentration of cation in bile likewise is 
governed to a considerable extent by the level of 
bile acid; consequently, sodium and other cations 
as well are relatively high in the specimens of 
this group. Sodium is by far the most important 
of the cations so far as concentration is con- 
cerned, with calcium, magnesium and potassium 
ranking in the order mentioned when considered 
in terms of milli-equivalents per liter. Mag- 
nesium concentrations in bile frequently outweigh 
those of calcium in contrast to serum where mag- 
nesium approximates only one-half of the calcium 
concentration. Furthermore, the divalent cations 
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of bile constitute a considerably larger fraction 
of the total base than in serum. Concentrations 
of all cations of bile normally exceed by consid- 
erable amounts the concentrations in serum, while 
the total cation concentration is consistently above 
250 m.eq. per liter of water as compared with 
the average concentration in serum of 167 m.eq. 
Despite this discrepancy, it has been demonstrated 
repeatedly that bile and serum are iso-osmotic 
(see Brand (48), Strauss (49), Ravdin, Johns- 
ton, Riegel and Wright (16), and Gilman and 
Cowgill (18)). The anomaly is a manifestation 
of the abnormal behavior of ions of low molecular 
weight in the presence of large ions. Hammar- 
sten (19) has observed that in the presence of 
bile acids, as well as of other compounds of high 
molecular weight, osmotic activities of smaller 
ions are ‘diminished. 

The reaction of bile from gallbladders showing 
no evidence of disease was found in an earlier 
investigation by two of the writers (Reinhold and 
Ferguson (8) ) to vary between pH 7.10 and 7.30. 
Although it was suggested that greater variation 
was to be expected, in the present series 3 of 5 
similar specimens fell within these limits. The 2 
remaining specimens were somewhat more acid in 
reaction, the pH being 6.90 and 6.95. The range 
of values for specimens of this class must be 
broadened to include the latter. Low pH was 
associated with low concentrations of bicarbonate. 

Comparison of pH values reported for dog and 
human bile shows that gallbladder bile of dogs has 
been found to be somewhat more acid in reaction 
(Okada (20) ; Drury, McMaster and Rous (21) ; 
unpublished observations of the writers) than 
human gallbladder bile (Drury, McMaster and 
Rous (21) ; Reinhold and Ferguson (8) ; An- 
drews (11)). Undoubtedly, differences in the 
nature and concentration of the species-predomi- 
nant bile acids are responsible. Human bile con- 
tains principally the relatively weak glycine-con- 
jugated cholic and desoxycholic acids. Bile acid 
of the dog, on the other hand, consists primarily 
of the strong taurine-conjugated cholic acid. It 
has been shown that the pH of dog bile is gov- 
erned by the concentration of taurocholic acid 
(Reinhold and Wilson (6)). In human bile, 
because of the relatively weak character of the 
bile acids, such a relationship is not clearly dem- 


onstrated. Interpretation of the role of bile acid 
in the regulation of the reaction of human bile is 
complicated by the appreciable concentration of 
such acids included in the undetermined anion. 

Carbon dioxide tensions of gallbladder bile 
frequently are very high. Calculation was made 
from the data for pH and carbon dioxide con- 
centration by the Henderson-Hasselbalch equa- 
tion according to Peters and Van Slyke (22). 
Values of the same magnitude have been estab- 
lished for urine by Sendroy, Seelig and Van 
Slyke (23), while contents of intestinal loops 
also may have high carbon dioxide tensions ac- 
cording to deBeer, Johnston and Wilson (24). 
It would appear that carbon dioxide tensions of 
secretions may differ appreciably from those of 
blood. 

In normal bile, total cation concentrations con- 
sistently exceed the concentrations of total deter- 
mined anion. The undetermined anion, as already 
indicated, is made up chiefly of bile acids other 
than cholic acid, although certain phospholipids 
may bind a portion of the base represented in 
this fraction. Inorganic phosphorus, if present, 
exists in amounts insignificant by comparison with 
other anions. None was found in dog bile (Rein- 
hold and Wilson (6)). The presence of ap- 
preciable concentrations of inorganic phosphorus 
in bile has been reported; however, this may 
have originated by hydrolysis of phospholipid. 
Riegel et al. (47) found little phosphate in 
human biliary calculi. 

Aronsohn and Andrews (25) have attempted 
to explain the acidification of bile in the gallblad- 
der as a consequence of increased concentration 
of phosphorus and protein. Their conclusion, 
based on an increase in total phosphorus in gall- 
bladder bile as compared with fistula bile, is not 
valid since the total phosphorus consists almost 
entirely of phospholipid. The latter, according 
to Hammarsten (26), is chiefly lecithin. As leci- 
thin does not exert appreciably acidic properties 
at the pH of gallbladder bile (Fischgold and 
Chain (27) ; Chain and Kemp (28) ; Jukes (29) ), 
it is not permissible to assign to the phosphorus 
of bile the acidif 3 dng action observed. Likewise, 
it appears improbable that bile protein would pos- 
sess the powerful acidifying action implied b^’ 
Aronsohn and Andrews. As alread}’ noted, there 
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terol or bile pigment, were found in 5 specimens, 
although always in small numbers. Neither crys- 
tals, adhesions, nor failure of visualization by 
x-ray, could be correlated with distinctive changes 
in composition of the bile specimens. How- 
ever, Johnston et al. (10), and Riegel and co- 
workers (47), by repeated testing, frequently 
with larger amounts of dye, have succeeded in 
demonstrating chemical differences between speci- 
mens secured from gallbladders exhibiting normal 
response to cholecystography from those with- 
out calculi that failed to do so. The specimens 
ranking near the top in Table I varied only 
slightly in regard to calcium, chloride and bile 
salt concentrations from two samples of normal 
human gallbladder bile analysed for these con- 
stituents by Johnston, Ravdin, Riegel and Allison 
(10). Concentrations of bile acids in those speci- 
mens we consider most nearly normal (the first 
7 in Table I) range far above all except two 
values reported by Andrews (11) for “normal” 
gallbladder bile. It is doubtful whether any of 
the specimens labeled normal by this author should 
actually be so considered. 

All specimens listed in Table I contained high 
concentrations of solid material. This is largely 
bile acid and phospholipid, if the two figures for 
the latter may be considered representative. De- 
termined bile acid, glycocholate and taurocholate, 
often accounted for more than half the total 
solids. The high concentrations of these sub- 
stances are to be contrasted with the far lower 
concentrations found when the gallbladder mu- 
cosa is perceptibly injured. Owing to the fact 
that the modified Pettenkofer reaction employed 
for the determination of bile acids is specific for 
the cholic acids (Reinhold and Wilson (4) ), other 
bile acids that occur in human bile are included 
in the undetermined anion.’^ Desoxycholic acid 
appears to be most important quantitatively, ac- 
cording to Wieland and Reverey (12) and Doubi- 
let (13). Chenodesoxycholic acid (12) and litho- 
cholic acid (14) have been isolated from human 
bile and from gallstones, although data are not 
available relative to their concentration. It is to 

iDoubilet (13) has justly pointed out that data for 
human bile based upon this method alone are incomplete. 
In the present study this objection is avoided because 
changes in the undetermined anion offer means for 
detecting gross changes in other bile acids. 


be expected that diflerenccs between normal and 
pathological specimens resembling those seen for 
the cholic acids exist also for the undetermined 
bile acids. High figures for undetermined anion 
in the normal and moderately pathological speci- 
mens do indeed support this conclusion although 
the contrast is not as clearly defined. That there 
is a change in the character of bile acids secreted 
under certain abnormal conditions is suggested by 
the work of Greene, Walters and Fredrickson 

(15) , of Ravdin, Johnston, Riegel and Wright 

(16) , and of Breusch and Johnston (17). Doubi- 
let (13) recently has demonstrated such a quali- 
tative alteration. Doubtless the high undeter- 
mined anion concentration, frequently observed 
in our series in conjunction with relatively low 
cholate, is the result of a similar change in the 
type of bile acid secreted by^ the liver. 

Chloride concentrations in specimens from 
gallbladders without demonstrable pathological 
changes were considerably less than the concen- 
trations of organic anions. The relatively low 
chloride figures may be contrasted with the high 
values observed in pathological material described 
in the next section. Similar differences have been 
observed by Johnston et al. (10). The concen- 
tration of chloride varies inversely with that of 
bile acid and compensates changes in the latter. 
Bicarbonate undergoes somewhat similar altera- 
tions, and it also may replace or be replaced by 
bile acid. Bicarbonate rarely exceeds chloride in 
concentration and ordinarily it is considerably 
less. While high bicarbonate has occasionally 
been found associated with diminished chloride 
concentrations, generally both are increased or 
lowered together. 

The concentration of cation in bile likewise is 
governed to a considerable extent by the level of 
bile acid ; consequently, sodium and other cations 
as well are relatively high in the specimens of 
this group. Sodium is by far the most important 
of the cations so far as concentration is con- 
cerned, with calcium, magnesium and potassium 
ranking in the order mentioned when considered 
in terms of milli-equivalents per liter. Mag' 
nesium concentrations in bile frequently outweigh 
those of calcium in contrast to serum where iting- 
nesium approximates only one-half of the calcium 
concentration. Furthermore, the divalent cations 
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of bile constitute a considerably larger fraction 
of the total base than in serum. Concentrations 
of all cations of bile normally exceed by consid- 
erable amounts the concentrations in serum, while 
the total cation concentration is consistently above 
250 m.eq. per liter of water as compared with 
the average concentration in serum of 167 m.eq. 
Despite this discrepancy, it has been demonstrated 
repeatedly that bile and serum are iso-osmotic 
(see Brand (48), Strauss (49), Ravdin, Johns- 
ton, Riegel and Wright (16), and Gilman and 
Cowgill (18)). The anomaly is a manifestation 
of the abnormal behavior of ions of low molecular 
weight in the presence of large ions. Hammar- 
sten (19) has observed that in the presence of 
bile acids, as well as of other compounds of high 
molecular weight, osmotic activities of smaller 
ions are ’diminished. 

The reaction of bile from gallbladders showing 
no evidence of disease was found in an earlier 
investigation by two of the writers (Reinhold and 
Ferguson (8) ) to vary between pH 7.10 and 7.30. 
Although it was suggested that greater variation 
was to be expected, in the present series 3 of 5 
similar specimens fell within these limits. The 2 
remaining specimens were somewhat more acid in 
reaction, the pH being 6.90 and 6.95. The range 
of values for specimens of this class must be 
broadened to include the latter. Low pH was 
associated with low concentrations of bicarbonate. 

Comparison of pH values reported for dog and 
human bile shows that gallbladder bile of dogs has 
been found to be somewhat more acid in reaction 
(Okada (20) ; Drury, McMaster and Rous (21) ; 
unpublished observations of the writers) than 
human gallbladder bile (Drury, McMaster and 
Rous (21) ; Reinhold and Ferguson (8) ; An- 
drews (11)). Undoubtedly, differences in the 
nature and concentration of the species-predomi- 
nant bile acids are responsible. Human bile con- 
tains principally the relatively weak glycine-con- 
jugated cholic and desoxycholic acids. Bile acid 
of the dog, on the other hand, consists primarily 
of the strong taurine-conjugated cholic add. It 
has been shown that the pH of dog bile is gov- 
erned by the concentration of taurocholic acid 
(Reinhold and Wilson (6)). In human bile, 
because of the relatively weak character of the 
bile acids, such a relationship is not clearly dem- 


onstrated. Interpretation of the role of bile acid 
in the regulation of the reaction of human bile is 
complicated by the appreciable concentration of 
such acids included in the undetermined anion. 

Carbon dioxide tensions of gallbladder bile 
frequently are very high. Calculation was made 
from the data for pH and carbon dioxide con- 
centration by the Henderson-Hasselbalch equa- 
tion according to Peters and Van Slyke (22). 
Values of the same magnitude have been estab- 
lished for urine by Sendroy, Seelig and Van 
Slyke (23), while contents of intestinal loops 
also may have high carbon dioxide tensions ac- 
cording to deBeer, Johnston and Wilson (24). 
It would appear that carbon dioxide tensions of 
secretions may differ appreciably from those of 
blood. 

In normal bile, total cation concentrations con- 
sistently exceed the concentrations of total deter- 
mined anion. The undetermined anion, as already 
indicated, is made up chiefly of bile acids other 
than cholic acid, although certain phospholipids 
may bind a portion of the base represented in 
this fraction. Inorganic phosphorus, if present, 
exists in amounts insignificant by comparison with 
other anions. None was found in dog bile (Rein- 
hold and Wilson (6)). The presence of ap- 
preciable concentrations of inorganic phosphorus 
in bile has been reported; however, this may 
have originated by hydrolysis of phospholipid. 
Riegel et al. (47) found little phosphate in 
human biliary calculi. 

Aronsohn and Andrews (25) have attempted 
to explain the acidification of bile in the gallblad- 
der as a consequence of increased concentration 
of phosphorus and protein. Their conclusion, 
based on an increase in total phosphorus in gall- 
bladder bile as compared with fistula bile, is not 
valid since the total phosphorus consists almost 
entirely of phospholipid. The latter, according 
to Hammarsten (26), is chiefly lecithin. As leci- 
thin does not exert appreciably acidic properties 
at the pH of gallbladder bile (Fischgold and 
Chain (27) ; Chain and Kemp (28) ; Jukes (29) ), 
it is not permissible to assign to the phosphorus 
of bile the acidifying action observed. Likewise, 
it appears improbable that bile protein would pos- 
sess the powerful acidifying action implied by 
Aronsohn and Andrews. As already noted, there 
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is considerable evidence showing that bile acid 
concentration is the chief factor regulating the 
pH of bile, and that acidification of gallbladder 
bile is primarily a result of the large increase in 
bile acid concentration as hepatic bile is con- 
centrated in the normal gallbladder. 

Cholesterol in these specimens from gallblad- 
ders without pathological changes varied in con- 
centration between 140 and 1010 mgm. per cent. 
The highest value cited was also the highest in 
the entire series. The patient suffered from 
cystic lymphangioma of the peritoneum. Despite 
the elevated concentration of bile acids, choles- 
terol crystals were detected in this specimen. 
Also, in two other specimens where cholesterol 
concentrations were not elevated, a few choles- 
terol crystals were seen although bile acid con- 
centrations were high. It must be conceded, 
however, that crystals could not be found in the 
abundance that is ordinarily characteristic of bile 
from pathological gallbladders. The importance 
of the ratio between bile acid and cholesterol as 
a factor governing the solubility of cholesterol 
has been stressed by Newman (30), Andrews, 
Schoenheimer and Hrdina (31), and Johnston 
et al. (10). Such a relationship between cholate 
and cholesterol may be seen in the present series. 
It is noteworthy that only two specimens of this 
normal group had a cholate: cholesterol ratio of 
less than 10. The high undetermined anion of 
these non-conforming specimens suggests that the 
ratio of total bile acid to cholesterol would be 
considerably higher.^ 

2 Other substances in bile beside cholesterol may react 
to give color with the Liebermann-Burchard reagents. 
Thus Wright (32) found the colorimetrically deter- 
mined values for cholesterol in dog bile to be higher by 
20 per cent than the results of determination by digitonin 
precipitation. Wieland and Reverey (12) report that 
anthropodesoxycholic acid gives a weak Liebermann- 
Burchard reaction. While the term cholesterol has been 
used in the text and tables, it should be regarded as an 
expression of total non-saponifiable material giving the 
Liebermann-Burchard reaction. For the purposes of the 
present paper, there is reason to believe that the 
" cholesterol ” values approximate cholesterol concentra- 
tions without gross inaccuracy. Comparisons with 
gravimetric digitonin determinations showed that colori- 
metric estimations did not vary more than 10 per cent 
from the digitonin values. 


The composition of bile from diseased 
gallbladders 

Distinct changes from the normal composition 
of bile accompanied even slight pathological al- 
terations of the gallbladder mucosa. The effects 
of cholecystitis of mild or moderate degree are 
shown in Table II. Gallstones were present in 
16 of the 18 gallbladders from which these speci- 
mens were removed, while all of the bile speci- 
mens contained cholesterol crystals. Obstruction 
of the cystic duct was found at operation in 9 of 
the patients represented in this group. 

Severe cholecystitis, with widespread changes 
in the mucosa, caused alterations in the composi- 
tion of the contents of the gallbladders similar to 
those observed in moderate gallbladder disease, 
though far more pronounced. Data for 15 speci- 
mens of this character are presented in Table III. 
Here, likewise, the incidence of calculi was high. 
However, two specimens contained no crystals, 
nor were calculi found in the gallbladders. Par- 
tial or complete occlusion of the bile ducts caused 
by calculi existed in 10 of the 14 patients. 
Changes from the normal were most marked in 
the presence of obstruction. The group was far 
from homogeneous in respect to appearance of 
the specimens, which varied from essentially nor- 
mal pigmentation to practically pigment-free 
“ white bile.” 

The lowered concentration of total solids to 
be seen even in the presence of moderate injury 
to the gallbladder (Table 11) reflects a marked 
impairment of the ability to retain and concentrate 
material reaching the gallbladder in the hepatic 
bile. Severe damage to the gallbladder mucosa 
depressed the solids content of the bile to a 
greater extent (Table III). Particularly striking 
changes were associated with obstruction of the 
cystic and common bile ducts. Estimation of the 
protein contained in certain of these specimens 
showed increased concentrations in both groups 
as compared with normal specimens. Thus the 
loss of ability to concentrate bile as measured by 
determinations of total solids is obscured to some 
extent by elevated protein, and was greater than 
the figures for total solids would indicate. 

Striking reductions in concentration of bile 
acids in bile in the presence of gallbladder disease 
have been reported (10, 11, 30, 31, 47). Our 
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analyses likewise showed that cholic acid concen- 
trations were lowered consistently in specimens 
comprising this group. The loss of bile acid ex- 
plains the major portion of the decrease in solids. 
Whereas’ cholate in normal specimens exceeds 150 
m.eq. per liter, the average concentration in the 
presence of gallbladder disease was reduced to 
34 m.eq. per liter (Table II). Under similar 
conditions, undetennined anion concentrations 
were generally below the normal level although 
not as much so as cholate. It seems probable 
that undetermined bile acids behaved not unlike 
the cholic acids. Even lower concentrations of 
bile adds were observed in bile from badly dis- 
eased gallbladders (Table III), and in a few 
specimens, particularly in the presence of ob- 
struction and empyema, only traces of cholate 


the gallbladder, equivalent quantities of inorganic 
anions, largely chloride, replace the organic elec- 
trolyte so lost. Excessive concentrations of chlo- 
ride are observed in the presence of marked edema 
of the gallbladder mucosa when the chloride con- 
centration of the contents often exceeds that of 
serum. Riegel, Ravdin, Johnston and Morrison 
(33) have reported high chloride concentration 
in hydrops fluid. The importance of increased 
chloride as an indicator of gallbladder dysfunc- 
tion has been stressed by these workers (10). 

Bicarbonate, like chloride, may replace bile acid 
that diffuses from the injured gallbladder. In 
certain of the specimens represented in Tables 
II, III, IV and V, bicarbonate is increased in 
comparison with the normal while a few genu- 
inely high values are seen. However, in the most 
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could be detected while other bile acids likewise 
appeared to have vanished. Heightened permea- 
bility of the gallbladder mucosa which ceases to 
act as a barrier to bile salts and perhaps to other 
substances of high molecular weight undoubtedly 
is foremost among the factors leading to such 
changes. There is little doubt that the lowered 
concentration of bile acid diminishes the solvent 
action of the bile for lipids, and leads in turn to 
crystallization of cholesterol. 

High chloride concentrations were associated 
consistently with the low bile acid concentrations 
typical of cholecystitis. Normally, as the con- 
centration of bile acid increases, chloride diffuses 
from the gallbladder, thus maintaining osmotic 
equilibrium. However, in the presence of mod- 
erate cholecystitis the relatively high concentration 
of chloride present in hepatic bile not only re- 
mains undiminished, but, as bile acid diffuses from 


severely damaged gallbladders bicarbonate is more 
often decreased. It appears that the abundant 
secretion of bicarbonate in the dog described by 
Ravdin, Johnston, Austin and Riegel (34) as a 
consequence of injury to the mucosa is not the 
prevailing response to chronic cholecystitis in the 
human. Perhaps it represents an early phase in 
the response to injury, although the occurrence 
of calculi composed of calcium carbonate implies 
a persisting increase in bile pH. 

Although but little change in pH of bile ac- 
companies moderate gallbladder disease, a shift 
toward more acid reactions commonly is asso- 
ciated with marked injury' to the walls of this 
organ. In this respect, data obtained in the pres- 
ent study confirm the earlier obsem-ations of the 
w’riters. 

Decreased pH and bicarbonate under these cir- 
cumstances proride an interesting contrast to the 
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changes observed in the gallbladder bile of dogs 
following the development of cholecystitis. 
Drury, McMaster and Rous (21), and Johnston 
et al. (10) have shown that injury to the mucosa 
of the gallbladder causes the pH and bicarbonate 
of dog’s gallbladder bile to increase. Again, the 
differences in the chemical properties of the pre- 
dominating bile acids in human and dog bile aid 
in explaining the inconsistency. Salts of the 
weakly acidic glycine-conjugated acids of human 
bile on undergoing hydrolysis would impart a 
slightly alkaline reaction to solutions. As already 
mentioned, the slightly alkaline reaction of normal 
human gallbladder bile is a consequence of this 
property. On the other hand, when glycocholic 
acid diffuses from the diseased gallbladder and 
is replaced principally by chloride, the reaction 
will tend to become less alkaline. In contrast, 
the strong taurine-conjugated bile acids of dog 
bile normally displace practically all of the bicar- 
bonate (and chloride) as concentration proceeds 
in the gallbladder so that ordinarily the reaction 
is distinctly acid. Under these circumstances loss 
of bile acid from the gallbladder of the dog in 
the presence of cholecystitis, particularly if ac- 
companied by secretion of bicarbonate (see Rav- 
din et al. (34)), will cause the marked increase 
in bile pH observed in this species. Impaired 
buffering capacity facilitates changes in reaction 
that occur in injured gallbladders. 

The lowered pH of the contents of severely 
damaged gallbladders indicates that acidic con- 
stituents are present in significant concentrations. 
These are not cholic acids, free or conjugated, 
since low cholate is found in this class of speci- 
mens. Appreciable amounts of undetermined 
anion are observed. Its identity has not been 
established. That it is not phospholipid is shown 
by simultaneous occurrence of very low bicar- 
bonate with the smallest phospholipid concentra- 
tions of the entire series. 

Diffusion of bile acid out of the diseased gall- 
bladder is only partially compensated by the rise 
in chloride (with or without a rise of bicarbonate). 
There is invariably a simultaneous and roughly 
proportional decrease in concentration of total 
base. While quantitatively smaller than the al- 
teration of the chloride, it is nevertheless of suffi- 
cient size to bring about marked reduction of 


the total cation concentration of the pathological 
specimens, as well as that of individual cations. 
Sodium, being the principal cation, accounts for 
the major portion of the change. However, cal- 
cium concentrations do not change to the same 
extent as a concentration of other cations. 

The presence of considerable amounts of cal- 
cium as a constituent of many gallstones arouses 
interest in the concentration of this ion in bile 
of diseased gallbladders. Marked irregularity is 
shown in the response of calcium concentration of 
bile to gallbladder disease. Alterations that have 
been observed are most frequently in the direc- 
tion of lower values. Occasional high concen- 
trations were found in the contents of certain 
badly diseased gallbladders. Calcium concentra- 
tion in normal bile varies directly as the concen- 
tration of bile acids, and no doubt a relationship 
exists analogous to that between serum calcium 
and serum protein. Thus high concentrations of 
bile acid would exert a protective action tending 
to keep calcium in solution by diminishing ioniza- 
tion. On the contrary, low bile acid levels would 
favor precipitation of calcium, thus contributing 
to a widespread occurrence of calcium in calculi. 
Inouye and Ryuichi (35) found that sodium 
taurocholate prevented precipitation of calcium 
although glycocholate was ineffective. 

In disease, the changes in bile calcium are com- 
plex. Quite probably high calcium concentra- 
tions in the presence of severe cholecystitis are to 
be attributed to exudation or transudation. This 
explanation is supported by the simultaneous in- 
crease in the protein of the bile shown by un- 
published observations of the writers. Riegel et 
al. (33) refer to the process by which calcium 
is increased as secretion. Phemister, Day and 
Hastings (36) have presented interesting exam- 
ples of extreme accumulation of calcium in the 
gallbladder. 

In cholecystitis, concentrations of bile magne- 
sium are diminished. The calcium-magnesium 
ratio of the gallbladder contents ordinarily is low- 
ered in comparison with that observed in normal 
specimens, approaching more nearly the ratio that 
characterizes blood serum or transudates.. Po- 
tassium, like sodium, also approaches ■s'alues com- 
monly found in serum. 

Contraty to expectations, cholesterol conccn- 
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trations are lower in our specimens from patho- 
logical gallbladders, as judged by averages, than 
in the normal material. Differences become 
greater as the severity of injmy to the mucosa 
increases, until the average cholesterol of Group 
IV (marked cholecystitis) is about half that of 
the nonnal. Between these extremes fall the 
averages of the intermediate groups. Individual 
variations within all groups are large. The low 
figures undoubtedly reflect a decreased capacity 
of the bile for holding cholesterol in solution. 

These results are in agreement with those of 
Newman (30), Spanner and Bauman (37), An- 
drews et al. (31) and Riegel et al. (47) in show- 
ing that the underlying cause of the crystalliza- 
tion of cholesterol is not a primary excess of this 
substance, but rather a defect of the solvent. The 
obvious lowering in the ratio of cholic acid to 
cholesterol in pathological specimens, as compared 
with normals, provides a quantitative measure of 
this change. Our ratios are lower than those of 
certain other workers who employed the less spe- 
cific determination of hydrolyzed amino-nitrogen 
for analysis of bile acids. In general, however, 
the results are similar. Despite the high choles- 
terol concentrations of many normal specimens, 
crystals of cholesterol were seldom encountered 
in such specimens. On the other hand, it ap- 
pears that crystals and calculi rarely are absent 
from the contents of diseased gallbladders and 
usually are present in great abundance despite the 
lowered concentration of dissolved cholesterol. 

Bilirubin solubility, like that of cholesterol, 
must depend upon the lipid-bile acid relationship 
since gallbladder bile usually lacks the alkalinity 
requisite to maintain bilirubin in aqueous solution. 
Furthermore, the activity of calcium undoubtedly 
increases as bile acid concentrations decrease. 
Thus loss of bile acid and lipid with the further 
likelihood of an increase in calcium concentration 
and activity may readily bring about precipitation 
of bilirubin. Possibly, because of the limitations 
of the method, it has not been possible to relate 
the occurrence of gallstones with the incidence of 
either high or low concentrations of bilirubin. 
The concentration of bilirubin in bile, as deter- 
mined by the procedure described, varied widely 
both in the normal and in the several groups of 
pathological specimens. However, low concen- 


trations were characteristic of the specimens from 
the most severely damaged gallbladders, as one 
might expect on the basis of physical factors. 
Not infrequently, crystals of bile pigment, the 
so-called calcium-bilirubin cr}^stals, were present 
in specimens of all groups. Their presence ap- 
peared to be independent of concentration of 
bilirubin, calcium or hydrogen ions. The close 
correlation with the occurrence of cholecystitis 
that was found to exist in the case of cholesterol 
crystals was not observed. 

The investigations of Fiirth and Scholl (38) 
have again demonstrated the importance of phos- 
pholipid in the presence of bile acid as a solvent 
for cholesterol. Since bile is rich in lecithin and 
perhaps other phospholipids as well, these sub- 
stances undoubtedly exert an important influence 
on the properties of bile as a solvent. An at- 
tempt has been made to determine the approxi- 
mate concentration of phospholipid in the various 
specimens for the purpose of discovering whether 
cholecystitis led to any significant alterations in 
these substances. It appears that, like cholesterol, 
lipid phosphorus tends to remain in the damaged 
gallbladder while bile acid diffuses away. How- 
ever, being comparatively unstable and perhaps 
more readily soluble than cholesterol, these sub- 
stances would not persist as concretions as choles- 
terol does. 

Protection of the gallbladder against the dele- 
terious effects of bile salts is undoubtedly an 
important function of the lipids of bile. An 
injurious action of aqueous bile acid solutions 
on the gallbladder mucosa has been described by 
Riegel, Ravdin and Johnston (39), and Aronsohn 
and Andrews (25). Riegel and associates have 
also described a protective action of cholesterol 
against bile salts, while Ishii (40) also has found 
a similar protective action of phospholipid against 
bile salts. 

Cholesterosis. No characteristic chemical com- 
position of bile could be related to the presence 
of cholesterosis (strawberry gallbladder) . While 
changes from the normal exist (Table IV), these 
were in general similar to those observed in chole- 
cystitis of corresponding severity. The bile 
cholesterol was not elevated. 

Neoplasm. The composition of the contents of 
the gallbladder in the presence of malignant 
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growths involving the biliary tract is shown in 
Table V. Obstruction of the cystic or common 
bile ducts existed as well in all of these patients. 
Despite the absence in most cases of conspicuous 
gross or microscopic changes in the gallbladder, 
the composition of its contents was profoundly 
altered. Such a finding suggests that obstruction 
may alter the composition as well as the secretion 
of bile. It is known that suppression of bile 
secretion follows obstruction of the common bile 
duct. Contrasting with the remainder of the 
group is Specimen 60, where malignancy and ob- 
struction of possibly as long as 5 months’ duration 
had no effect other than marked inspissation of 
the bile. 

Hepatic cyst. An hepatic cyst was encountered 
in Patient 11. Fluid was aspirated from the cyst, 
and, after removal of leukocytes by centrifuga- 
tion, was analysed by the methods used for bile. 
The specimen was colorless but distinctly opal- 
escent. Cultures were negative. The specimen 
contained 7.89 per cent solids, 118.1 m.eq. per 
liter chloride, 1.6 m.eq. bicarbonate; the pH was 
5.86. The resemblance of these figures to those 
found for the contents of severely damaged gall- 
bladders is at once evident. 

DISCUSSION 

Diminished concentration of bile acid, as typi- 
fied by cholic acid, proves to be an almost in- 
variable accompaniment of injury to the gall- 
bladder mucosa. This close association provides 
evidence of increased permeability of the wall of 
the gallbladder to bile acid, while loss by diffusion 
best explains the low bile acid concentrations. 
However, in the presence of injury to the hepatic 
parenchyma (Doubilet (13) ; Andrews, Hrdina 
and Dostal (41)), in pregnancy (Riegel, Ravdin, 
Morrison and Potter (42)) or obstruction of 
the bile ducts (Goff, Hrdina and Andrews (43) ; 
McMaster, Broun and Rous (44) ; Greene, Wal- 
ters and Fredrickson (15)), alteration or sup- 
pression of bile acid secretion may be additional 
factors. Cholesterol and, presumably, phospho- 
lipid, fail to diffuse from the damaged gallbladder 
as does bile acid. The failure of phospholipid 
to form deposits like those of cholesterol may be 
explained by differences in stability and solubility. 
The evidence provided by Andrews, Schoen- 


heimer, and Hrdina (31) and by Ravdin, Riegel, 
Johnston, and Morrison (52) to explain fonna- 
tion of calculi in the gallbladder receives addi- 
tional confirmation from our data. 

Other changes in chemical composition of bile 
in cholecystitis may in a large measure be re- 
ferred to a primary loss of bile acid. Chloride 
or, less frequently, bicarbonate replaces the anion 
lost by diffusion of bile acid from the gallbladder. 
Thus the concentrations of these ions are in- 
creased. Diminished total solids and decreased 
concentration of total base likewise are directly 
related to the decline in bile acid concentration. 

An end result of changes that occur in the 
contents of the gallbladder with an inert or ab- 
normally functioning mucosa is replacement of 
the hydrolyzed salts of weak acids, i.e., sodium 
glycocholate and glycodesoxycholate, by sodium 
chloride, with a shift of pH from the slightly 
alkaline reaction normally observed toward more 
acid reactions. The distinctly acid reactions of 
many specimens from badly damaged gallbladders 
are unexplained, however, although loss of buf- 
fering capacity facilitates the change. Increased 
alkalinity, at times observed, results from secre- 
tion of bicarbonate under similar circumstances. 
Weiser and Gray (46) and others suggest as one 
mechanism for gallstone formation, a shift in 
pH from alkaline to acid with resultant precipi- 
tation of cholate. Actually, bile acid concentra- 
tion governs the pH of bile. It is our belief that 
changes in pH are incidental to more fundamental 
changes in the constitution of bile, and that 
change of pH is of secondary importance as a 
causative factor in formation of cholesterol or 
mixed stones'. Despite the primary role in chole- 
lithiasis assigned to changes in pH by many work- 
ers, no suggestion has been offered by them as to 
how the hypothetical change in the reaction of 
bile giving rise to gallstone formation is to be 
brought about. Because of the acid reaction of 
many specimens of gallbladder bile, it is quite 
unlikely that soaps are present in significant 
amounts. 

Calcium usually is lowered in the contents of 
diseased gallbladders, although this response to 
injury is variable. Ocasional noteworthy excep- 
tions wnth striking increases have been obser\-cd. 
While commonly lowered in comparison with ^•al- 
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ues found in norma! specimens, calcium concen- 
trations remain higher than those of blood serum. 
It is significant that the concentration of bile cal- 
cium is lowered less in proportion to the nonnal 
than is the concentration of bile acid. Since bile 
acids undoubtedly aid in maintaining calcium 
(and bilirubin) in solution, the ubiquitous occur- 
rence of calcium in gallstones would follow as 
a result of this altered relationship between bile 
acids and calcium. An additional factor that may 
favor precipitation of calcium is secretion of bi- 
carbonate by the gallbladder. Although a typical 
response in dogs, our data suggest that it is infre- 
quently encountered in humans. The behavior 
of magnesium differs from that of calcium, and 
magnesium concentrations are not maintained at 
high levels in the presence of gallbladder disease. 

Sterile fluid found in an hepatic cyst closely 
resembled in composition the fluid collected from 
gallbladders where obliteration of functioning 
mucosa or complete long-standing obstruction of 
bile ducts had rendered the organ incapable of 
function. 

Cholesterol crystals in the gallbladder contents 
quite consistently accompanied cholecystitis. The 
detection of such crystals in specimens of bile 
therefore provides good evidence for the exist- 
ence of cholecystitis. Such evidence is not nec- 
essarily conclusive for occasionally crystals are 
found in the absence of pathological changes of 
the gallbladder. However, our data support the 
application of this test for diagnosis of cho- 
lecystitis, provided representative samples of gall- 
bladder bile are secured for examination. A 
close correlation existing between the ratio of 
cholic acid to cholesterol and the incidence of 
cholesterol crystals or concretions reported by pre- 
vious workers has been confirmed. 

SUMMARY 

Severe cholecystitis brings about serious de- 
fects in gallbladder physiology that result in 
marked alteration in chemical composition of gall- 
bladder bile. Changes that have been observed 
in the presence of gallbladder disease are suf- 
ficiently marked (qualitatively and quantitatively) 
to lead to calculus formation. Cholesterol varies 
widely in concentration in the control specimens 
as well as in those specimens from pathological 


gallbladders. Low values for cholesterol were 
found in the presence of obstruction of the bile 
ducts. Similarly, concentrations of bile pigment 
became lower progressively with increasing injury 
to the gallbladder. 

The writers were aided by George R. Kingsley and 
Hiram F. Snider, who assisted in tests of the accuracy 
of the procedure employed for cholesterol determination 
and who also performed most of the cholesterol analyses. 
We are also indebted to Doctors E. L. Eiiason, I. S. 
Ravdin, G. P. Mueller and H. L. Owen for specimens. 
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CONCERNING THE NATURALLY OCCURRING PORPHYRINS. V. 
PORPHYRINS OF THE FECES 

By CECIL JAMES WATSON 

{From the Department of Medicine, University of Minnesota Hospital, Minneapolis) 


The complexity of the porphyrin problem is 
due in large part to the occurrence of spectro- 
scopically identical isomers, those corresponding 
in configuration to hemoglobin or aetioporphyrin 
III, and those of the aetioporphyrin I type, whose 
formation is to be regarded as an independent 
synthesis. Recent work has demonstrated that 
porphyrins of the latter group are much more 
frequently encountered in the excreta. Copro- 
porphyrin I was isolated from normal urine (1, 
2, 3), and from the urine in increased amount in 
a variety of pathological conditions other than the 
idiopathic porphyrinurias (3, 4, 5). In earlier 
communications the writer described its isolation 
from the feces in hemol 3 ^ic jaundice and per- 
nicious anemia (6, 7). Coproporphyrin III has 
been encountered less frequently; as yet only in 
the urine in the following diseases: 1, Lead poi- 
soning (3, 8) ; 2, exceptional instances of chronic 
porphyrinuria (9, 10) ; 3, the majority of in- 
stances of acute porphyrinuria (11, 12, 13, 14); 
4, salvarsan treated individuals (15) ; S, instances 
of hemochromatosis and atrophic cirrhosis (4). 
Schreus (16) has recently maintained that excre- 
tion of coproporphyrin III would be found to 
accompany increased blood destruction. This 
view is not supported by the fact that copro- 
porphyrin I is excreted in urine and feces in 
hemolytic jaundice (3, 4, 6). As will be noted 
below, this finding is confirmed in the present 
investigation. 

Since the reports of Snapper (17), Papendieck 
(18), Schumm (19, 20, 21), and Boas (22, 23, 
24, 25), interest in the porphyrins of the feces 
has centered upon their significance in the detec- 
tion of occult bleeding. The exact nature of the 
porphyrins derived from blood in the gastro- 
intestinal tract was first demonstrated by Kam- 
merer (26), and Fischer and Lindner (27). 
These are protoporphyrin, deuterohemin, and 

' Aided by a grant from the research fund of the 
Graduate School, University of Minnesota. 

- Presented in part before the American Societ>' for 
Clinical Investigation, Atlantic City, May 4, 1936. 


deuteroporphyrin. The last two are undoubtedly 
identical with the substances which Schumm 
named copratin and copratoporphyrin (19). The 
existing evidence concerning the derivation of 
coproporphyrin from blood in the intestinal tract 
is conflicting ; Schumm (28) believed it to be the 
source of the coproporphyrin of the urine. How- 
ever, Fischer and Schneller (29) demonstrated 
coproporphyrin in the urine and feces of vegetar- 
ians. The writer (30) isolated ciystalline deu- 
teroporphyrin IX, corresponding to hemoglobin, 
from the feces of a normal individual receiving 
meat in the diet. Coproporphyrin was not in- 
creased in this sample of feces although an in- 
crease might have been expected if one assumes 
that hemoglobin can give rise to coproporphyrin 
in the intestine. As will be noted below, this is 
borne out in the present investigation. 

As yet the isomeric type of the coproporphyrin 
of normal feces has not been determined. If 
hemoglobin or meat were the source, copropor- 
phyrin III would be expected. Kammerer and 
Giirsching (31) found that many of the common 
foods, particularly those of plant origin, contain 
traces of coproporphyrin, which, by analogy to 
that formed in yeast cells, is probably copro- 
porphyrin I. Fischer and Schneller (29) ob- 
tained crystals which were probably those of 
coproporphyrin I, from the feces of a vegetarian. 
Correlation of these findings suggests that the 
coproporphyrin of the feces is exogenous; it 
should be emphasized, however, that a great dis- 
proportion in amounts of porphyrin undoubtedly 
existed in these two studies, since it is certain that 
infinitely less porphyrin is necessaiy for the pro- 
duction of considerable fluorescence (the method 
of detection used by Kammerer and Giirsching), 
than for the isolation of crystalline material. For 
this reason it is entirely possible that most of the 
porphyrin obtained by Fischer and Schneller was 
endogenous. Garrod (32) concluded that the 
bulk of the normal urinary' and fecal porphyrin 
was endogenous. He pointed to the constant 
presence of porphyrin in the meconium. This 
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was later identified by Schumm (28) as a copro- 
porphyrin, and Waldenstrom (33) has recently 
made the important observation that it is copro- 
porphyrin 1. Fischer and Zerweck (34) likewise 
held the view that coproporphyrin is endogenous, 
and spoke of it as a normal product of metab- 
olism. The occurrence of protoporphyrin in the 
erythroblasts of the marrow (35) and in the cir- 
culating erythrocytes (36) further supports the 
endogenous theory. 

The porphyrin of human bile was identified by 
Schumm (28) as a coproporphyrin. Whether 
this is endogenous or whether absorbed from the 
bowel and re-excreted is not known. Borst and 
Konigsdorffer (37) were unable to obtain experi- 
mental evidence for the direct reabsorption of 
porphyrins from the bowel. On the contrary, 
H. Fischer and Hilmer (38), and recently 
Brugsch (39) noted definite increases in urinary 
porphyrin after feeding small amounts of copro- 
porphyrin. Although quantitative studies might 
solve the problem of the origin of coproporphyrins 
in the excreta, those so far reported (39, 40, 41) 
have dealt with only the total porphyrin excretion 
without attempt to separate proto-, deutero-, and 
coproporphyrin. In addition to the necessity of 
determining them separately, it is evident that 
knowledge of the isomeric types excreted nor- 
mally and in disease must be obtained prior to 
quantitative studies, since the latter cannot dis- 
tinguish isomers. 

The present investigation continues previous 
studies of the porphyrins in feces and urine ; the 
scope of the investigation is as follows: (1) Iso- 
lation of porphyrins from (a) normal feces, (&) 
bile, (c), feces in lead poisoning, (d), urine in 
pernicious anemia, (e), feces in further instances 
of hemolytic jaundice and pernicious anemia. 
(2) Comparison of amounts of porphyrins in the 
feces in (a) pernicious anemia before, during, 
and after liver induced reticulocyte response, (b), 
normal individuals, patients with hemolytic jaun- 
dice and patients with jaundice due to complete 
common duct obstruction. 

material and methods 

Group I 

Case 1. Normal. Male, 18 years of age. Eight day 
collection of feces. From the urine of this individual, 
collected for a longer, but contemporary period, copro- 


porphyrin I was isolated, as described in Study IV (3). 

Case 2. Normal. Male, 24 years of age. Four day 
collection of fcccs. Urobilinogen was 89.8 mgm. per 
day. 

Case 3. Lead poisoning. Male, 46 years of age. 
Coproporphyrin III was isolated from the urine of this 
patient, as described in Study IV (3). The present col- 
lection of feces did not take place until four weeks after 
this isolation. In the interval there had been consider- 
able improvement, and it was therefore necessary to re- 
examine the patient’s urine as to porphyrin content. For 
this purpose the entire amount was collected during an 
eight day period of collection of feces. Urobilinogen 
in the feces was 173.4 mgm. per day. 

Case 4. Hemolytic jaundice, familial. Male, 38 years 
of age. Eight day collection of feces. Patient had re- 
current jaundice since infancy, and has known of en- 
larged spleen for many years. Father and one brother 
have jaundice and splenic enlargement. Hemoglobin was 
56 per cent (Sahli ; 17 grams per 100 cc. == 100 per cent), 
and average diameter of erythrocytes 6.6 There were 
many hypcrchromatic microcytes in stained preparation 
of blood. The resistance of erythrocytes to hypotonic 
saline was H„ 0.7 per cent, H., 0.46 per cent; control 
H, 0.44 per cent, H. 0.36 per cent. The icteric index 
was 18 and the Van den Bergh reaction on blood serum 
indirect. No bilirubin was demonstrated in the urine. 
Urobilinogen in feces was 2475 mgm. per day, in urine 
2.6 mgm. per day. The normal range with the method 
(42) used is 40 to 280 mgm. and 0 to 4 mgm. per day 
respectively. 

Case 5. Hemolytic jaundice, acquired. Female, 18 
years of age. Eight day collection of feces. This case 
was described in Part IV ((3) Case 2), where the isola- 
tion of coproporphyrin I from the patient’s urine was 
reported. The present study was made prior to the first 
operation. At this time the hemoglobin was 32 per 
cent, icteric index 42, feces and urine urobilinogen 1106 
and 9.8 mgm. per day, respectively. 

Case 6. Hemolytic jaundice, acquired. Female, 31 
years of age. The clinical features in this instance are 
described elsewhere (43) ; for the present, it is sufficient 
to note that a hemolytic, macrocytic anemia appeared 
during the course of a long-enduring painless jaundice. 
Correlation with other manifestations of the disease, such 
as marked enlargement of the liver and spleen, marked 
bilirubinuria, and prompt Van den Bergh reaction of the 
blood serum indicated a diffuse affection of the liver. 
During the period of increased blood destruction and 
consequent regenerative anemia (the reticulocyte level 
attaining 15 per cent), urobilinogen excretion was greatly 
increased; the amounts in the feces ranged from 460 to 
1250 mgm. per day during the two weeks in which the 
anemia developed. The urine urobilinogen at this time 
varied between 57 and 224 mgm. per day. During the 
first half of the present eight day period of collection 
of feces, the feces urobilinogen was 990 mgm. per day; 
in the second half 894 mgm. per day. The icteric index 
was 104, and, since bilirubinuria was prominent, it is 
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clear that normal bile flow had not yet returned. During 
the ensuing weeks, the jaundice gradually disappeared; 
five months from the time of onset the patient appeared 
to have recovered completely, although the spleen and 
liver were still palpable; at present she has remained 
well for nearly two years. 

Case 7. Complete common duct obstruction. Male, 
26 years of age. The patient had epigastric distress, 
hematemesis and melena of 3 years' duration. There was 
progressively deepening jaundice during the last two 
months of life. The urobilinogen excretion was of neo- 
plastic obstructive type (43) ; feces; 0.3 ragm. per day; 
urine — trace. Occult blood was present in the feces. 


ogen ranged from 457 to 640 mgm. per day during the 
eight day period of urine collection prior to liver therapy. 

Case 8b. Male 72 years of age. The patient com- 
plained of progressive weakness, pallor with slightly 
yellow skin, for 4 months. There was a smooth tongue. 
The hemoglobin was 28 per cent, erythrocytes 1,000,000 
per cu. mm. Marked macro-anisocytosis and poikilo- 
eyfosis were noted in the blood smear. The reticulocytes 
were 2.0 per cent. The feces urobilinogen was 803.6 
mgm. per day during a six day period of collection of 
urine prior to liver therapy. 

In each instance, the entire amount of urine 
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Fig. 1. Modified Fractionation of Porphyrins of Feces as Employed in Cases of Group 2. 


Necropsy on October 28, 1935, revealed a diffuse scir- 
rhous carcinoma of the stomach of linitis plastica type, 
with marked diffuse involvement of the duodenum and 
common bile duct. Eight day collection of feces, Oc- 
tober 11 to October 19. 

Case 8a. Pernicious anemia. Urine. Male, 55 years 
of age. Progressive weakness of legs had been noted 
for 3 years, paralysis for 1 year. There was definite 
evidence of combined degeneration of the spinal cord. 
Slight icterus and smooth tongue were observed. The 
hemoglobin was 38 per cent, erythrocytes w'ere 1,400,000 
per cu. mm. Marked macro-anisocytosis and poikilocy- 
fosis were seen. The reticulocytes were 1.0 per cent. 
Achlorhydria gastrica was present. The feces urobilin- 


was subjected to the procedure described in Stud- 
ies I and IV (3, 5). The coproporphyrin ob- 
tained was in such small amount that it was clearly 
necessary to combine the final solutions from the 
two cases in order to isolate sufficient crystalline 
material to determine the melting point. This 
combination was less objectionable in %dew of the 
close clinical similarity of the two patients, in both 
of whom the findings were typical of pernicious 
anemia in relapse. Feces in the above instances 
were subjected to the isolation procedure de- 
scribed in Study II (6). 
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superimposed mesoporphyrin IX ester; I 621.7, 
11 574.2, III 533.0, IV 500.0. (The mesoporphy- 
rin dimethyl ester employed for this comparison 
was obtained from hemin by Fischer and Kdgl’s 
method (44) and subsequent esterification by the 
usual HCl-methyl alcohol procedure ; melting 
point 212° C.) 

As already noted, a relatively considerable 
amount of protoporphyrin was obtained in Case 
4 of Group II (hemolytic jaundice). Two weeks 
elapsed, from the time of the above mentioned 
spectrometric comparisons with the protoporphy- 
rin of normal feces, until further study could be 
carried out. In this interval, although the 5 per 
cent HCl solution was most of the time in the 
refrigerator, it was evident that a change had oc- 
curred. Most of the porphyrin now present was 
no longer a protoporphyrin but had characteristics 
more nearly those of a deuteroporphyrin. The 
majority was now extractible from ether with 1 
per cent HCl (absorption: I 592.7, II 548.9) 
while a small proportion, having a more bluish 
color in dilute HCl, still behaved like a proto- 
porphyrin in that it was not extracted from ether 
with 1 per cent HCl, and in 5 per cent HCl ex- 
hibited a protoporphyrin absorption spectrum, i.e., 
I 594.8, II 556.0. The porphyrin extractible with 
1 per cent HCl had the following absorption in 
ether and acetic: I 624.0, II 577.4, III 531.6, IV 
498.5. In 10 per cent NaOH the sodium salt was 
almost entirely insoluble. Further mention of 
this porphyrin will be deferred until a description 
has been made of a similar deuteroporphyrin-like 
substance which occurred in several instances. 

Particular attention was given to the following 
deuteroporphyrin fractions. Group I, Cases 1, 
4, and 7 ; Group II, Cases 2a and b, 3a, b, and c, 
4, 5, and 6. In the other cases of both groups, 
the amount present was too small to permit spec- 
troscopic identification. Deuteroporphyrin was 
encountered in Case 7 of Group I, and in Cases 
2b and 6 in Group II. In the first and last of 
these three instances its presence was accounted 
for by bleeding ; the relatively small amount pres- 
ent in the feces of Case 2b, Group II, may have 
been due to meat in the diet. It is of considerable 
interest that the same fraction in the other cases 
contained a porphyrin with an absorption spec- 
trum differing from deuteroporphyrin, but quite 


identical with that of the porphyrin described in 
Study III (7) whose ester crystallized in long 
prisms melting at 189 to 191° C. For the time 
being at least this will be designated as pseudo- 
deuteroporphyrin A. In the present investiga- 
tion it has been encountered in six instances, i.e., 
in all of the above except Cases 2a and b of Group 
II. In two of these, crystals of the methyl ester 
were obtained; these were noted as having the 
same form illustrated in Study HI (p. 118 (7)) ; 
in neither was the amount sufficient for melting 
point determinations. In each of the six in- 
stances the absorption spectrum was identical (by 
superimposition) with that of the porphyrin de- 
scribed in Study III : in ether I 623.8, II 575.5 
(midpoint of absorption band; maximum in- 
tensity at 568.0), III 528.7, IV 496.3. In 1 per 
cent HCl, I 590.4, II 547.6. 

In each instance superimposition of absorption 
spectra was carried out with solutions of known 
copro-, hemato-, and deuteroporphyrin. The ab- 
sorption differed only slightly from that of copro-, 
and more sharply from hemato- and deutero- 
porphyrin. On the other hand, the sodium salt 
of this porphyrin is insoluble, its HCl number is 
0.3 to 0.4, and it is extractible from 0.2 per cent 
HCl with chloroform, characteristics which dis- 
tinguish it sharply from coproporphyrin and 
which are responsible for its designation as a 
pseudo-deuteroporphyrin. In Case 3 of Group 
II, the amounts in the three periods, a, b, and c, 
were in an approximate proportion of 4 to 6 to 1, 
respectively. It has already been noted that the 
ratio of amounts of copro- and protoporphyrins 
for the three periods was essentially the same as 
this. 

In the above it was noted that the protoporphy- 
rin fraction of Case 4 (Group II) after standing 
for two weeks, contained only an inconsiderable 
amount of protoporphyrin ; most of the porphyrin 
present now had the characteristics of pseudo- 
deuteroporphyrin A. The substance was readily 
extracted from ether with 1 per cent HCl, and 
after dilution to 0.2 per cent HCl it was in turn 
extracted by chloroform. In 10 per cent NaOH 
the sodium salt quickly precipitated. The ab- 
sorption spectrum was as follows : In ether and 
acetic acid, I 623.3, II 596.8 (faint), III 575.3, 
IV 528.8, V 496.0 ; in 1 per cent HCl, I 588.8, II 
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547.3. Tills was entirely identical with pseudo- 
deuteroporpliyrin A, when the absorption spectra 
were superimposed. A very slight difference was 
noted ivhen superimposed with copro- and a 
greater difference when with deuteroporphyrin. 

In Study II, a new porphyrin, also encountered 
in the deuteroporphyrin fraction, was found in 
the feces of a patient with hemolytic jaundice. 
The methyl ester of this porph 3 ^rin crystallized 
in flower-like aggregates and melted at 202° C.; 
spectroscopically it was characterized by absorp- 
tion bands about midway between those of proto- 
and copro- or deuteroporphyrin. Thus the maxi- 
mum of the redward band was at 627 to 629 m/i. 
In view of the exceptional broadness of this band. 
Professor H. Fischer considered the possibility 
of a molecular compound between two porphyrins, 
such as proto- and deuteroporphyrin. Because 
of the limited amount of material this question 
could not be decided. Later, a porphyrin with 
the same solubilities and absorption spectrum, but 
in an amount insufficient for isolation, was noted 
in the feces of another patient with hemolytic 
jaundice. In the present investigation a porphy- 
rin of the same type was encountered in Case 3a 
(Group II), an instance of pernicious anemia in 
relapse. When the absorption spectrum of this 
porphyrin was superimposed with that of the 
porphyrin from the earlier investigation (ester 
melting point 202° C.), complete identity was 
noted. In view of the fact that this also behaves 
like a deuteroporphyrin in many respects, it may 
be designated as pseudodeuteroporphyrin B 
(pending more exact information as to its chem- 
ical structure). 

DISCUSSION 

In the present investigation coproporphyrin I 
has been isolated repeatedly from normal feces 
and in one instance from fistula bile. It was ab- 
sent from the feces of two patients having com- 
plete biliary obstruction ; this lends support to the 
belief that the substance is chiefly endogenous, es- 
pecially when correlated with the marked increase 
again observed in hemolytic jaundice. 

Since coproporphyrin I is not a derivative of 
hemoglobin, but is rather the product of an inde- 
pendent synthesis, and since the amounts excreted 
are greatest in instances where regeneration and 
bone marrow activity are most marked, it has be- 


come more and more evident that the excretion of 
coproporphyrin I in the feces, at least in patients 
with normal liver function and without biliary ob- 
struction, is related to erythropoietic activity. 
There is much reason to believe that the copro- 
porphyrin I of bile and feces is derived from the 
protoporphyrin which Van den Bergh and Hyman 
(36) found to occur in a very small amount in the 
circulating erythrocytes, and which Borst and 
Kdnigsdorffer (35) had earlier observed in mar- 
row erjdhroblasts. Van den Bergh et al. (47) 
first suggested this relationship after demonstrat- 
ing that the surviving liver is capable of convert- 
ing proto- into coproporphyrin. The amount of 
protoporphyrin in the normal erythrocytes is ob- 
viously very small; it is unlikely that even a 
sudden destruction of a majority of the erythro- 
cytes would provide the amounts of porphyrin 
encountered in hemolytic jaundice feces. This is 
probably illustrated by the present case of par- 
oxysmal hemoglobinuria in which intravascular 
hemolysis was sufficient to reduce the hemoglobin 
rapidly to 22 per cent ; in spite of this, relatively 
little coproporphyrin was found in the feces, and 
although considerable protoporphyrin was also 
present, the total porphyrin did not compare in 
amount with that seen in hemolytic jaundice. 
The difference seemed too great to be explained 
by the disparity of ages. In this patient, however,, 
the period ’ of collection of feces followed im- 
mediately upon the first hemolysis, and probably 
preceded any appreciable increase of hemopoietic 
activity particularly when the time required for 
traversal of the intestinal tract is taken into ac- 
count. By contrast, hemopoietic activity is quite 
constantly increased in hemolytic jaundice, so that 
the feces of any interval are certain to represent 
a period of heightened erythrocyte metabolism. 

The above considerations focused the writer’s 
attention upon the possibility of relationship be- 
tween the erythrocyte-protoporphyrin and the re- 
ticulated cells. It has in fact been shown (48) 
that most if not all of this protoporphyrin resides 
in the reticulocytes, not in the mature erythro- 
cytes. It is quite probable, therefore, that much 
larger amounts of protoporph3Tin are available in 
blood containing a large number of maturing 
reticulocytes. 

” Opportunity for investigating feces of subsequent 
periods was not afforded in this instance. 
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If the protoporphyrin of the reticulocytes is the 
parent substance of the coproporphyrin I found in 
bile and feces, then it is highly probable that it 
likewise has the configuration of aetioporphyrin I. 
Otherwise one would have to assume that the pro- 
toporphyrin underwent destruction to its com- 
ponent pyrrol nuclei with subsequent re-synthesis 
of coproporphyrin I. H. Fischer (14) believes a 
transformation of this type to be extremely un- 
likely. 

In the present investigation it was usually noted 
that protoporphyrin was increased in the same 
instance where the feces contained definite in- 
creases of coproporphyrin I. The only excep- 
tions were the two patients with total biliary 
obstruction, whose feces contained no copro- but 
considerable proto- and deuteroporphyrin, the oc- 
currence of which was readily explained by the 
presence of blood. Of greater interest was the 
protoporphyrin found in feces which did not con- 
tain demonstrable occult blood, i.e,, in instances of 
hemolytic jaundice, pernicious anemia, paroxys- 
mal hemoglobinuria. Attempts to identify this 
protoporphyrin with certainty were unsuccessful; 
nevertheless its behavior, as well as the behavior 
of the mesoporphyrin obtained from it, suggested 
that it differed from protoporphyrin as obtained 
from hemoglobin. In the case of paroxysmal 
hemoglobinuria, the amount of protoporphyrin 
was relatively large, unquestionably exceeding 
that of the coproporphyrin. In this instance, as 
in the others where an attempt was made to iso- 
late the substance, it was evident that constant 
. deterioration occurred during the various frac- 
tionations. 

In the cases of pernicious anemia who were fol- 
lowed through the period of reticulocyte response, 
it was noted that the excretion of coproporphyrin 
I in the feces increased slightly over that observed 
during relapse; after the reticulocyte response, a 
considerable diminution occurred. This again 
points to a relationship between erythropoietic ac- 
tivity and excretion of coproporphyrin I. The 
increases were not as great as one would have ex- 
pected if the circulating reticulocytes were as- 
sumed to be the sole source of porphyrin. How- 
ever, there is no reason to doubt that porphyrin 
may be furnished directly from the megaloblasts 
in the pernicious anemia marrow (37) ; whether 


this is dependent upon release occurring with 
maturation, or due to the phagocytic destruction 
which Peabody and Broun (49) described, re- 
mains to be determined. 

The significance of the two “ pseudodeutero- 
porph 3 'rins ” is not clear. Certain evidence, al- 
ready mentioned, suggests that they are likewise 
derivatives of protoporphyrin. The spectroscopic 
character, chloroform solubility, HCl-number, and 
insoluble sodium salt of pseudodeuteroporphyrin 
A suggest similarity with the porphyrin which 
Schumm (50) described under the name "sapro- 
porphyrin." 

It is probable that a porphyrin which the writer 
noted (30) in increased amount in the feces of a 
patient with hemolytic jaundice, which was be- 
lieved then to represent deuteroporphyrin, was in 
reality pseudodeuteroporphyrin A. 

Borst and Konigsdbrffer (37) observed a por- 
phyrin in fetal liver, and in the liver of the famous 
case Petry (congenital porphyrinuria, pernicious 
anemia) which they designated as 627 (maximum 
absorption of redward band at that wavelength). 
Their studies indicated that this was derived from 
protoporphyrin, and they evidently considered the 
possibility that it might be a transition between 
proto- and coproporphyrin. The similarity of 
absorption between this porphyrin 627, and the 
above mentioned pseudodeuteroporphyrin B sug- 
gests a close relationship or possible identity. 

The isolation of coproporphyrin I from the 
feces of the patient with lead poisoning, during 
a period in which the urine contained copropor- 
phyrin III, emphasizes that one may not draw 
conclusions about the type of urinary porphyrin 
on the basis of the isomer present in the feces. 
Coproporphyrin I had been isolated repeatedly 
from the feces of patients with pernicious anemia, 
but the type in the urine had not been identified. 
The porphyrin isolated in the present study from 
the urine of two typical cases during relapse, 
proved to be coproporphyrin I. 

The findings in the present instance of lead 
poisoning suggest that coproporphyrin III is 
either eliminated less easily by the liver, or is re- 
absorbed to a greater degree from the bowel than 
is coproporphyrin I. It is quite possible that 
coproporphyrin III will be found in the feces of 
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a more severe or more acute case than was repre- 
sented in this study. 

The results of the present investigation support 
the contention of Boas (22) that protoporphyrin 
in the feces does not originate solely from in- 
gested hemoglobin nor from occult bleeding, but 
is also “ physiological.” Boas noted that it was 
still demonstrable in feces of a normal individual 
even after a long period on a milk and vegetable 
diet. The present study reveals that it is often 
increased in association with increases of copro- 
porphyrin I in the feces of patients with height- 
ened hemoglobin metabolism. Corresponding in- 
creases of deuteroporphyrin were not observed; 
in agreement with Boas (23) it is believed that 
this porphyrin owes its formation solely to the 
putrefaction of hemoglobin in the bowel. It is 
important to emphasize, however, that deutero- 
porphyrin may be confused readily with pseudo- 
deuteroporphyrin A except when considerable 
purification and an exact spectrometric study have 
been resorted to. Because of this, the usefulness 
of the deuteroporphyrin test for occult bleeding 
is distinctly reduced. In some instances of per- 
sistent occult bleeding due to gastric carcinoma. 
Boas (25) noted an increased amount of copro- 
porphyrin. The isomer type was not identified, 
but it is unlikely that this was other than copro- 
porphyrin I. Since many individuals with per- 
sistent occult bleeding exhibit elevation of reticu- 
locytes, the increased coproporphyrin observed by 
Boas may have been due to increased hemopoietic 
activity. 

SUMMARY AND CONCLUSIONS 

1. Coproporphyrin I has been isolated from 
normal human feces, and from human fistula bile. 
It was not found in the blood-containing feces of 
two patients having gastro-intestinal neoplasms, 
who also suffered from complete biliary obstruc- 
tion. Considerable increases of coproporphyrin I 
were again noted in feces from patients with he- 
molytic jaundice. Correlation of these findings 
indicates that coproporphyrin I is chiefly endo- 
genous. That it may be derived from the proto- 
porphyrin of the circulating reticulocytes or from 
that of immature erythrocytes in the bone mar- 
row, is a possibility which must be considered. 

2. Increases of protoporphyrin were frequently 
encountered in association with increased copro- 


porphyrin I in feces not containing demonstrable 
occult blood. Certain differences in behavior sug- 
gest that the isomer type of this protoporphyrin is 
not the same as that derived from hemoglobin. 

3. Coproporphyrin III was isolated from the 
urine of a patient recovering from lead poisoning; 
the feces for the same period contained copropor- 
phyrin I. Thus it is clear that conclusions about 
the isomer type of a coproporphyrin occurring in 
increased amount in the urine may not be based 
upon the type found in the feces. 

4. Coproporphyrin I was isolated from the 
mixed extracts of urine of two patients with per- 
nicious anemia, in relapse. 

5. Tests for occult blood in the feces which are 
based upon the presence of porphyrin are of 
doubtful value unless a careful fractionation is 
carried out, with subsequent spectrometric iden- 
tification. In particular, the pseudodeuteropor- 
phyrins described here must be distinguished; 
their behavior is very similar to that of deutero- 
porphyrin, but their origin has not been estab- 
lished. 
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In an attempt to determine the cause and nature 
of the toxemias of pregnancy, the records of 
patients who were admitted to the New Haven 
Hospital with the diagnosis of toxemia of preg- 
nancy or who had renal or vascular disease that 
had apparently arisen during pregnancy have been 
reviewed. Altogether 309 of the first class and 
11 of the second were found with records com- 
plete enough to warrant analysis. Of this group 
53 died and 25 came to autopsy. The present 
paper deals with 23 of these autopsies. One of 
the 25 was omitted because the data of the au- 
topsy, which was performed at another hospital, 
are inadequate ; the second because there is some 
doubt about the diagnosis of toxemia. This pa- 
tient had a diaphragmatic hernia which was re- 
sponsible for her death and possibly for the 
earlier symptoms that were ascribed to toxemia. 

The essential postmortem findings and clinical 
data are presented at the end of the article. In 
10 instances, only the briefest clinical notes are 
given, because these cases have been reported in 
detail in another connection elsewhere (1). A 
brief tabulation of the patients appears in Table 
I. Thirteen died as a direct result of the toxemia, 
which took an eclamptic form in 6; the other 
10 died with late sequellae of the disease, which 
had begun with an eclamptic attack in one. 

TABLE I 

Resume of causes of death 

Total Eclampsia 


Acute deaths (directly referable to 

toxemias) 13 6 

Pyelitis— ^392^2* A1714, 3666 

(A32601) t 3 2 

Arterial— 7904S, 83867 2 

Acute eclampsia — S1551, 61702, 9354, 

(60242) $ 4 4 

Infectious— A32601, 71013, 1892S, 

33564 4 

Deaths from late sequellae 10 1 

Pyelonephritis-<53494, 44154, 53431, 

31841, 8250, 47162, A9S26 7 1 

Arterial— 20067, 43495, 58750 3 


* Eclamptic cases in italics. 

tThis patient had one ureter dilated and thickened. 
± Comnilsions only in agonal state. 


The first notable thing is the frequency with 
which pyelitis or its ultimate consequence, pyelo- 
nephrosis, is encountered. In this series these 
conditions were found in 10 (possibly 11) of the 
23 subjects, 3 (possibly 4) with acute deaths and 
7 among the remote chronic deaths. One of the 
latter, 63494, initially had typical eclampsia and 
2 of those who died acutely. A39242 and 
A1714, also had eclampsia. The third, who died 
acutely, 3666, might also be placed in the ec- 
lamptic class, save for the absence of convulsions. 
Objection may be raised to the application of the 
terms toxemia or eclampsia to patients who have 
obvious pyelitis. The strongest justification for 
such a course lies in the fact that they received 
these diagnoses during life because they presented 
clinical signs and symptoms indistinguishable 
from those yvhich characterize the toxemias. In 
fact, the true pathological lesions in none of these 
cases were surmised before autopsy. This is 
also true of most of the chronic cases, which were 
believed to have glomerular nephritis or nephro- 
sclerosis. 

If the three acute cases, A39242, A1714 and 
3666, are analyzed further, it is found that they 
present, in addition to pyelitis and pyelonephritis, 
certain more subtle pathological lesions which are 
quite widely accepted as characteristic of eclamp- 
sia. These deserve some description and discus- 
sion before the argument proceeds. 

Degenerative changes and necrosis of the epi- 
thelial cells of the renal tubules have long been 
recognized as the commonest pathological lesions 
of the toxemias of pregnancy. By some, they 
have been connected more particularly with the 
convulsive syndromes to which the term eclampsia 
has been applied. The degree of degeneration of 
the tubular cells varies from mere cloudy swelling 
to a necrosis which may be so extreme and wide- 
spread that the epithelium seems to be almost as 
universally destroyed as it is in acute mercurial • 
poisoning. The process is usually maximal in 
the convoluted tubules. Because the lesion is 
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purely desquamative Volhard and Fahr (2) have 
identified it with nephrosis. 

In addition to the tubular lesions definite 
changes can be discerned in the glomeruli. These 
have been minutely described by Bell (3), who 
considers them more characteristic than the tubu- 
lar lesions. The lining membrane cells occasion- 
ally become swollen, sometimes necrotic — ^when 
they may be desquamated; the endothelial ceils 
of the capillary loops more frequently are also 
swollen. They tend to increase in number and 
impart an excessive cellularity to the glomeruli. 
The lumina of isolated capillary loops appear to 
be occluded by swollen and proliferated endothe- 
lial cells. The basement membrane between the 
lining epithelium and capillar}^ endothelium be- 
comes thickened, in consequence of which the 
capillary loops, especially where they appear in 
cross section, have a staring open appearance with 
sharp double outlines to their walls. This change 
in the basement membrane is perhaps the most 
characteristic feature of the renal lesions in the 
toxemias. It may be so marked as to obliterate 
the capillary lumen. In addition, material re- 
sembling fibrin in its staining reactions appears 
in localized deposits that may be quite diffuse in 
certain capillary tufts. The glomeruli usually 
appear rather avascular, although there is dis- 
tinct variability in this respect. Not rarely con- 
gested loops are seen, and extravasated blood 
cells may appear in the glomerular spaces. These 
are, however, more often found empty or contain 
only a little albuminous material and occasional 
desquamated epithelial cells. Scattered tubules, 
likewise, may contain masses of blood; but the 
great majority are filled with albumin and cel- 
lular debris. Often the narrow lumen left by 
the swollen epithelium appears to be entirely 
plugged by this debris. The striking thing about 
such kidneys is the absence of inflammatory re- 
action in the interstitial tissue and the preserva- 
tion of those structures which are essential for 
the architecture of the organs. One derives the 
impression that no damage has been done which 
is not reversible or reparable, like the comparable 
injury of mercurial poisoning. 

Whether the condition arises from primary 
vascular injury or whether it affects the renal 
epithelium directly, it is not easy to say. Post- 


mortem examination reveals no similar lesions 
elsewhere in the vasculature or iri other organs 
except the liver, which will be given especial con- 
sideration later. In certain instances, to be sure, 
focal hemorrhages may- be found in the heart, 
and other organs, and both edema and hemor- 
rhages are quite regularly found in the retina. 
However, the possibility of generalized vascular 
changes cannot be summarily dismissed because 
it cannot be demonstrated in autopsy material. 
The invariable incidence of hypertension is incon- 
trovertible clinical evidence of a generalized vas- 
cular reaction, whether this be merely a functional 
response or connected with anatomical changes 
that have thus far escaped detection. 

Renal lesions are so invariably found in pa- 
tients who died of acute toxemias that there can 
be little doubt of their significance. Moreover, 
the symptomatology of the toxemias resembles 
more than anything else the picture of acute ne- 
phritis. Edema, hypertension, albuminuria and 
convulsions, with or without visual disturbances, 
clearly spell nephritis to anyone with experience 
in clinical medicine. Nevertheless, great impor- 
tance has been attached to certain lesions in the 
liver which are encountered in a portion of pa- 
tients with toxemias. These lesions in their most 
typical form consist of hemorrhages and necrosis 
of the hepatic cells, especially in the periportal 
areas. By some, these are attributed to the pres- 
ence of fibrin or hyalin thrombi in the periportal 
venules. It is generally admitted that these lesions 
are less consistently found than those of the 
kidney, and furthermore that the symptoms of 
toxemias do not resemble those of hepatic disease. 
Nevertheless, most extensive investigations have 
been carried out in an attempt to incriminate the 
liver. It is true that some measure of hepatic 
insufficiency can be demonstrated in many patients 
with severe toxemias and that jaundice is not 
uncommon in these conditions. A certain num- 
ber of women, moreover, in the later stages of 
pregnancy or in the puerperium develop jaundice 
without any of the classical signs of toxemia. 
They are presumably suffering from destructive 
lesions of the liver which may be so extreme as 
to produce the picture of fatal acute yellow atro- 
phy. Whether this is merely an advanced stage 
of the periportal necrosis of “ eclampsia ” cannot 
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be stated witli certainty. Tliere is no physio- 
logical nor pathological evidence that hepatic de- 
struction can give rise to hypertension. Conse- 
quently, there has been a growing tendency to 
relegate the liver lesions to a subordinate place 
in the etiology of toxemic symptoms, and to con- 
cede the chief role to the kidne}'. 

If it be granted that the ultimate criteria of 
toxemias, and especially eclampsia, are not clinical 
signs and symptoms, but the characteristic patho- 
logical lesions, the three acute pyelitis cases 


mias. Neither presented at any time symptoms 
or signs which could.be called eclamptic. Both 
died from rupture of dissecting aortic aneurysms 
and presented vascular lesions in kidneys and 
other organs that conform to the description of 
malignant nephrosclerosis, according to Volhard 
and Fahr (2). Both had received a diagnosis 
of arterial hypertension on the basis of the symp- 
toms and signs during their initial toxemias, the 
last pregnancies and the intervening periods. The 
blood pressure in Case 83867 was so variable and 









Flc. 1. Case A39242. Pvelitis Early in First Pregnancy Culmi.vating in 

Eclampsia. 

Note extensive tubular epithelial necrosis. Hematoxylin-eosin stain; X 125. 


(A39242, A1714, 3666) cannot be excluded (Fig- 
ures 1 to 4) . All exhibited tj^pical tubular and 
glomerular changes, and one, at least, A39242, 
also had periportal necroses. To argue that the 
relation between pyelitis and toxemia in these 
cases was merely coincidental involves a danger- 
ous preconception. It may well be that these 
renal and hepatic lesions represent onlj^ the pat- 
tern in which the pregnant woman reacts to a 
variety of insults. Some support for such an 
hypothesis is found in Cases 79045 and S3S67. 
Both of these patients died during recurrent toxe- 


her sj'inptoms and signs so slight that she u'as 
considered to have benign or functional nephro- 
sclerosis. In the light of these facts the posl- 
mortciii anatomical findings are surprising in the 
extreme. The existence of arterial disease of a 
malignant type is undeniable. That it antedated 
the final pregnancy is highly probable in view of 
the histor}- and physical findings. Nevertheless, 
the kidneys and livers of both patients had char- 
acteristic “ eclamptic ” lesions. In fact Case 
S3867 probabh’ presents the most e.xtrcmc peri- 
portal necroses found in this scries of autopsies. 
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endotliclium, so marked in some instances as to obliterate 
completely the capillary lumina (Figure 2). In some, 
massive deposits of pink-staining, fibrin-like material re- 
placed entire capillary tufts and produced an appearance 
similar to that seen in so-called malignant nephrosclerosis 
(Figure 3). An occasional glomerular space contained 
desquamated epithelial cells. In the right kidney there 
were small scars in the cortex and a few hyalinized glo- 
meruli which were attributable to the hydronephrosis. 
No definite vascular lesions were found in either kidney. 

The architecture of the liver was altered by a distortion 
of the cellular columns, which was most marked in the 
periportal zones. The cells of these columns contained 
granular cytoplasm and vacuoles. Sometimes they were 
entirely necrotic in rather wide areas not strictly limited 
to the periphery of the liver lobules. There were no as- 
sociated hemorrhages, and the periportal vessels were not 
thrombosed. 

Case A1714 

(For details of history see (1), Case 2.) During first 
pregnancy in 1929 in bed 7 weeks before defivery with 
edema. Near the end of second pregnancy, in 1931, 
eclampsia, after 10 days of extreme urinary frequency and 
7 days of edema. Died within 24 hours. 

Necropsy. The uterus was enlarged to the size of an 
eight months’ pregnancy. The fetus occupied a normal 
position with the head at the cervix. The placenta was 
attached normally at the fundus of the uterus. 

The kidneys, which weighed 250 and 275 grams respec- 
tively, had a homogeneous brown color externally, and 
their cortices were increased in width to 10 mm. Small 
hemorrhages were present beneath the epitheljal lining in 
several of the renal calices. All the calices, the renal 
pelves and ureters but particularly those on the right, 
were dilated. The dilatation began at the pelvic brim 
bilaterally. 

The liver weighed 2400 grams, was firm in consistence 
and had externally a mottled hemorrhagic appearance. 
When the liver was sectioned, the hemorrhages appeared 
irregular in outline and varied greatly in size, obscuring 
the lobulation. 

Microscopic. Small numbers of leukocytes were pres- 
ent beneath the epithelium of the renal pelvis. The inter- 
stitial tissue of the pyramids was edematous and infil- 
trated with small munbers of leukocytes and lymphocytes. 
Occasionally, the lumina of the straight tubules contained 
casts of cellular debris, amorphous granular material and 
polymorphonuclear leukocytes. Throughout the kidney, 
in the epithelium lining the convoluted tubules, there was 
a degenerative change, which consisted of cloudy swelling 
and granulation of the cytoplasm. Desquamation of these 
cells, however, was not extensive. All the glomeruli 
showed mild to moderate thickening of the basement 
membrane between capillary endothelium and lining epi- 
thelium. Most glomeruli appeared anemic, but in a few 
there were hemorrhages, sometimes extending into the 
glomerular spaces and appertaining convoluted tubules. 
Capillary tufts in occasional glomeruli seemed to be re- 
placed by fibrin masses. The afferent arterioles and other 


vessels of arteriolar size had greatly thickened, acellular 
wells. 

In the liver were numerous focal hemorrhages, chiefly 
in the vicinity of periportal zones. These varied in size 
from a few extravasated red cells to masses which in- 
volved several contiguous lobules. Necrosis of liver cells 
accompanied the hemorrhagic lesions. Fragmented cells 
were seen in the interiors of leukocytes and large mono- 
nuclear cells. Large collections of lymphocytes were 
present around the periportal vessels, but none of the 
latter were thrombosed. 

Case 3666 

(For details of history see (1), Case 3.) In 1919 sec- 
ond pregnancy terminated at 8 months for toxemia. In 
July, 1921, miscarriage at 5 months, at which time there 
was distinct edema. In November, 1921, during third 
pregnancy, developed cold in chest with cough, followed 
a few days later by chills, dyspnea, orthopnea, headache, 
vomiting, pains in chest, limbs and back, and blurred vi- 
sion. The condition became worse steadily until death 
4 weeks after the onset of symptoms. 

Necropsy. Both kidneys were small, the right weigh- 
ing 55 grams and the left 31 grams. Their external sur- 
faces were irregular and scarred. The pelves were 
greatly dilated ; the cortex and pyramids were compressed 
to form a rim only 5 to 10 mm. in width. Cortical stria- 
tions could be seen not at all or only with great difficulty. 
Both ureters were dilated, but the urinary bladder was 
small and contracted; its wall measured 12 mm. in thick- 
ness. The entire urinary tract was filled with thick, 
purulent material. The mucosa of the pelves, ureters and 
bladder was thick, opaque and contained numerous small 
hemorrhages. 

The heart was increased in size, weighing 300 grams 
(body weight 38 kilos), and the papillary muscles were 
hypertrophied. There was no evidence of chronic passive 
congestion of the viscera and no edema nor ascites. 

Microscopic. Extensive scars infiltrated with numer- 
ous lymphocytes and plasma cells replaced much of the 
renal parenchyma. Enormously dilated tubules with flat- 
tened epithelial cells and coagulated material in their lu- 
mina alternated with atrophic tubules. The majority of 
the glomeruli were replaced by densely hyalinized con- 
nective tissue; a few, less severely injured, had thickened 
capsules and an occasional adhesion between tuft and 
capsule. Both arteries and arterioles had concentrically 
thickened walls which reduced the size of their lumina. 

The mucosa of the pelves, ureters and bladder was 
much thickened in some places. In others it was necrotic 
or desquamated and replaced by chronic granulation tis- 
sue containing numerous capillaries, lymphoQ’tes and 
plasma cells which extended into the submucosa (Figure 
4). A hemorrhagic exudate was seen on the free surface. 

Case 79045 

Bom 1899. Patient is reported to have been entirely 
well during pregnancies in 1915, 1918, 1920, 1923, 1926 
and 1927. All except the last, which ended in a pre- 
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rangcment has been discovered. 44ie changes in 
the ailcrioles, like those in tlic renal parenchyma, 
in mild or early cases would have to he entirely 
reversible and therefore could not he ju'ofound. 
Such should he the Aniage of the lesions of malig- 
nant nephrosclerosis. If this argument is reason- 
ably sound, the changes in the kidneys, liver and 
vessels in toxemias should he looked upon as 
tissue responses to some general stimulus, com- 
parable to the reactions of rheumatic fever or 
glomerular nephritis. Possibly in many cases the 
analogy can be carried further; the stimulus which 
elicits the response may be an infection, acting 
not directly upon the kidney by bacterial invasion, 
but invoking the tissue reaction from some remote 
local focus. This hypothesis is not inconsistent 
with the nature of the lesions of malignant nephro- 
sclerosis which, even when fully developed, sug- 
gest degeneration far more than they do inflam- 
mation. 

It is not intended to impl}^ that there is any 
exclusive relation between toxemias of pregnancy 
and malignant nephrosclerosis. This would be 
absurd since the latter disease draws no sharp 
sex line. Pregnane)'’ is pictured throughout 
merely as a state of temporary physiological dis- 
equilibrium which determines a predisposition to 
certain pathological conditions and, when these 
have developed, lends them a distinctive colora- 
tion. Plausible explanations can be found for 
some features of the predilection and the dis- 
tinctive coloration. Physiological hydronephrosis, 
for example, obviously predisposes to pyelitis and 
prevents proper drainage and elimination of in- 
fection. Physiological hypoproteinemia makes 
albuminuria peculiarly vicious and enhances the 
tendency to edema. Other disturbances of equi- 
librium could be cited, such as the reduction of 
serum sodium; but little can be gained as yet 
by pursuing the subject further along these lines 
because sufficient facts have not yet been collected 
to complete the story. 

SUMMARY AND CONCLUSIONS 

1. Case histories and necropsy findings on 23 
patients who died as a result of the direct or 
remote effects of pregnancy toxemias are reported. 

2. Although characteristic tubular and glomeru- 
lar lesions were usually found in the kidneys of 
patients wlio died in the acute stages of toxemias 


with eclamptic syndromes, tlicsc lesions, like he- 
jiatic necro.so.s. were not found exclusively in 
eclampsia. 

3. Eclamjisia could not be distinguished from 
other to.vemias on the basis of cither pathogenesis 
or morbid anatomy. 

4. Lesions of “malignant nephrosclerosis” 
were encountered with frequency. 

5. Poth acute nephritis of infectious origin and 
antecedent vascular disease apparently gave rise 
to to.xcmias, which sometimes had eclamptic 
juanifestations. 

6. A great variety of vascular or renal diseases 
may act as predis])osing causes for toxemias; 
jiregnancy ajipcars to give them a distinctive col- 
oration and an explosive character. 

r ^ 

I’ROTOCOLS 

Case A39242 

(For details of In'story see (1), Case 1.) Pyelitis ap- 
peared early in the first pregnancy, which culminated, 
during delivery, in cclanipsia which proved rapidly fatal. 

Xccrof>sy. The uterus rose 14.5 cm. above the symphy- 
sis pubis in the midlinc. It was boggy to palpation and 
was covered by a smooth, glistening peritoneal surface. 
On section the endometrium was quite red ; there was no 
retained placental tissue. 

The right kidney’ weighed 175, the left 170 grams, both 
presenting an identical appearance. The renal pelves 
were considerably dilated and encroached to a moderate 
degree upon the parenchyma of the organs. The calices 
were irregular in size and shape and distinctly enlarged. 
Both ureters were dilated, beginning at a point opposite 
the lower poles of their respective kidneys. The dilata- 
tion of ureters, pelves and calices was more marked on 
the right side than on the left. The renal cortex was 
narrow and its arcliitecture blurred. 

The liver was a large flabby organ weighing 1933 
grams. Scattered over all its surfaces externally and on 
section were numerous irregular pale 3 'ellow patches of 
softer consistency and greater friability than the adjacent 
tissue. 

Microscopic. The epithelium lining the renal pelvis 
and the parenchyma beneath was infiltrated over wide 
zones with lymphocytes, plasma cells, eosinophilic and 
neutrophilic leukocytes and large mononuclear cells. 
Clusters of similar cells were found in the interstitial tis- 
sue of the pyramids and cortex. The tubular epithelium 
showed extensive degenerative lesions, most marked in 
the convoluted tubules, which varied from simple cloudy 
swelling to complete necrosis and desquamation (Figure 
1). On the whole the glomeruli were anemic, but wide 
variations were encountered in this respect. Many 
seemed to be increased in size. In nearly all there was 
thickening of the basement membrane of the capillar.v 
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endothelium, so marked in some instances as to obliterate 
completely the capillary lumina (Figure 2). In some, 
massive deposits of pink-staining, fibrin-like material re- 
placed entire capillary tufts and produced an appearance 
similar to tliat seen in so-called malignant nephrosclerosis 
(Figure 3). An occasional glomerular space contained 
desquamated epithelial cells. In the right kidney there 
were small scars in the cortex and a few hyalinized glo- 
meruli which were attributable to the hydronephrosis. 
No definite vascular lesions were found in either kidney. 

The architecture of the liver was altered by a distortion 
of the cellular columns, which was most marked in the 
periportal zones. The cells of these columns contained 
granular cytoplasm and vacuoles. Sometimes they were 
entirely necrotic in rather wide areas not strictly limited 
to the periphery of the liver lobules. There were no as- 
sociated hemorrhages, and the periportal vessels were not 
thrombosed. 

Case A1714 

(For details of history see (1), Case, 2.) During first 
pregnancy in 1929 in bed 7 weeks before defivery with 
edema. Near the end of second pregnancy, in 1931, 
eclampsia, after 10 days of extreme urinary frequency and 
7 days of edema. Died within 24 hours. 

Necropsy. The uterus was enlarged to the size of an 
eight months’ pregnancy. The fetus occupied a normal 
position with the head at the cervix. The placenta was 
attached normally at the fundus of the uterus. 

The kidneys, which weighed 250 and 275 grams respec- 
tively, had a homogeneous brown color externally, and 
their cortices were increased in width to 10 mm. Small 
hemorrhages were present beneath the epithelial lining in 
several of the renal calices. All the calices, the renal 
pelves and ureters but particularly those on the right, 
were dilated. The dilatation began at the pelvic brim 
bilaterally. 

The liver weighed 2400 grams, was firm in consistence 
and had externally a mottled hemorrhagic appearance. 
When the liver was sectioned, the hemorrhages appeared 
irregular in outline and varied greatly in size, obscuring 
the lobulation. 

Microscopic. Small numbers of leukocytes were pres- 
ent beneath the epithelium of the renal pelvis. The inter- 
stitial tissue of the pyramids was edematous and infil- 
trated with small numbers of leukocytes and lymphocytes. 
Occasionally, the lumina of the straight tubules contained 
casts of cellular debris, amorphous granular material and 
polymorphonuclear leukocytes. Throughout the kidney, 
in the epithelium lining the convoluted tubules, there was 
a degenerative change, which consisted of cloudy swelling 
and granulation of the cytoplasm. Desquamation of these 
cells, however, was not extensive. All the glomeruli 
showed mild to moderate thickening of the basement 
membrane between capillary endothelium and lining epi- 
thelium. Most glomeruli appeared anemic, but in a few 
there were hemorrhages, sometimes extending into the 
glomerular spaces and appertaining convoluted tubules. 
Capillary tufts in occasional glomeruli seemed to be re- 
placed by fibrin masses. The afferent arterioles and other 


vessels of arteriolar size had greatly thickened, acellular 
wells. 

In the liver were numerous focal hemorrhages, chiefly 
in the vicinity of periportal zones. These varied in size 
from a few extravasated red cells to masses which in- 
volved several contiguous lobules. Necrosis of liver cells 
accompanied the hemorrhagic lesions. Fragmented cells 
were seen in the interiors of leukocytes and large mono- 
nuclear cells. Large collections of lymphocytes were 
present around the periportal vessels, but none of the 
latter were thrombosed. 

Case 3666 

(For details of history see (1), Case 3.) In 1919 sec- 
ond pregnancy terminated at 8 months for toxemia. In 
July, 1921, miscarriage at S months, at which time there 
was distinct edema. In November, 1921, during third 
pregnancy, developed cold in chest with cough, followed 
a few days later by chills, dyspnea, orthopnea, headache, 
vomiting, pains in chest, limbs and back, and blurred vi- 
sion. The condition became worse steadily until death 
4 weeks after the onset of symptoms. 

Necropsy. Both kidneys were small, the right weigh- 
ing 55 grams and the left 31 grams. Their external sur- 
faces were irregular and scarred. The pelves were 
greatly dilated ; the cortex and pyramids were compressed 
to form a rim only 5 to 10 mm. in width. Cortical stria- 
tions could be seen not at all or only with great difficulty. 
Both ureters were dilated, but the urinary bladder was 
small and contracted ; its wall measured 12 mm. in thick- 
ness. The entire urinary tract was filled with thick, 
purulent material. The mucosa of the pelves, ureters and 
bladder was thick, opaque and contained numerous small 
hemorrhages. 

The heart was increased in size, weighing 300 grams 
(body weight 38 kilos), and the papillary muscles were 
hypertrophied. There was no evidence of chronic passive 
congestion of the viscera and no edema nor ascites. 

Microscopic. Extensive scars infiltrated with numer- 
ous lymphocytes and plasma cells replaced much of the 
renal parenchyma. Enormously dilated tubules with flat- 
tened epithelial cells and coagulated material in their lu- 
mina alternated with atrophic tubules. The majority of 
the glomeruli were replaced by densely hyalinized con- 
nective tissue; a few, less severely injured, had thickened 
capsules and an occasional adhesion between tuft and 
capsule. Both arteries and arterioles had concentrically 
thickened walls which reduced the size of their lumina. 

The mucosa of the pelves, ureters and bladder was 
much thickened in some places. In others it was necrotic 
or desquamated and replaced by chronic granulation tis- 
sue containing numerous capillaries, lymphocj'tcs and 
plasma cells which e.xtcndcd into tlie submucosa (Figure 
4). A hemorrhagic exudate was seen on the free surface. 

Case 79045 

Bom 1899. Patient is reported to have been entirely 
well during pregnancies in 1915, 1918, 1920, 1923, 1926 
and 1927. All except the last, whidi ended in a fjre- 
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mature delivery at 7 months, resulted in living children. 
Her mother died at 40 in childbirth, her father at 58 of 
“acute indigestion”; one sister at 44 had hypertension. 
She was first seen in the prenatal clinic March 21, 1929, 
three and a half months before term, with blood pressure 
180/120, moderate edema of the ankles, heart slightly en- 
larged to the left, but no albuminuria, April 4, the blood 
pressure was only 130/80, but it was again 170/120 on 
April 22, still without albuminuria. April 29, she was ad- 
mitted to the hospital in labor and delivered of a dead 
premature fetus. Jilay 12, when she was discharged, the 
blood pressure was still 150/94. Her course in liospital 
was uncomplicated except tliat her temperature rose to 
100.2° on May 4. She was again seen in (lie prenatal 
clinic April 16, 1931, in the sixth month of pregnancy. 
She had suffered from nocturia witiiout diurnal frequency, 
urgency or burning, since the onset of pregnancy. April 
9, she was seized with headache and began to vomit con- 
tinuously. She had also been troubled with palpitation 
and with precordial pain which radiated to the back and 
down to the left hip. When seen, her blood pressure was 
220/140, her heart was enlarged to the left and a soft 
diastolic murmur could be heard over the whole pre- 
cordium, especially over the aortic area, and over the 
vessels of the neck. She also had moderate pitting edema 
of the legs. The optic discs were blurred and tlie retinal 
vessels tortuous. She was brought into the hospital, 
where she remained one week, at the end of which her 
blood pressure was still 156/110. Her course was afe- 
brile. The urine contained the faintest possible trace of 
albumin; the blood nonprotein nitrogen was 18 mgm. per 
cent, phenolsulphonephthalein excretion 80 per cent. She 
refused to permit termination of pregnancy and steriliza- 
tion. June 29, she was readmitted to the hospital in labor 
and was delivered of twins precipitately. Her blood pres- 
sure was 250/150. July 2, she had an attack of intense 
precordial pain which persisted. July 3, she suddenly lost 
consciousness and stopped breathing. Although she 
roused for a short time, she died 30 minutes later. The 
urine on June 29 contained a slight trace of albumin and 
occasional granular casts. On June 30 the blood non- 
protein nitrogen was 23 mgm, per cent; blood count, red 
blood cells 4.1 million, hemoglobin 70 per cent, leuko- 
cytes 5,500. 

Necropsy. The kidneys, which weighed 175 grams 
each, were deeply congested and swollen, without evidence 
of scarring. The larger renal vessels were not thickened. 
The pelves and ureters were not dilated. 

The liver weighed 1800 grams and did not appear ab- 
normal in the gross. Microscopically there were small 
foci of necrosis in the periportal regions. 

The heart was greatly hypertrophied, weighing 600 
grams. Fresh blood clot filled the pericardial sac and un- 
clotted blood oozed from a small opening on the anterior 
surface of the ascending aorta just below the pericardial 
attachment. This blood had its origin from a dissecting 
aneurysm which seemed to arise at the site of an intimal 
tear above one sinus of Valsalva on the posterior wall of 
the aorta and extended down as far as the superior mesen- 


teric artery. There was only slight atheromatous change 
in any of the larger arteries, including the coronaries. 
Blood-tinged fluid was present in both pleural cavities, 
200 cc. in the right and 500 cc. in the left. 

The uterus projected about 10 cm. above the symphysis 
pubis, but was firm and contained only fresh blood clots 
in its cavity. 

Microscopic. Although there was e.xtensive cloudy 
swelling of the epithelial cells of the renal tubules, only 
occasional tubules were necrotic and in still fewer did 
the epithelium show colloid change. All the glomeruli 
had thickened basement membranes beneath the lining 
epithelium, similar to the glomerular changes in the first 
two cases. There was neither endothelial nor epithelial 
proliferation. A few glomeruli contained fibrin masses 
in their tufts, resembling the glomerular changes seen 
in malignant nephrosclerosis. The most constant lesion 
was a marked hypertrophic thickening of the media of 
the smaller renal arteries, which involved especially af- 
ferent glomerular arterioles, but affected also the arteri- 
oles generally throughout the body. The renal pelves 
were free from inflammatory' reaction. 

Case 83867 

Born in 1898, patient was first seen June 25, 1930, early 
in pregnancy. She was reported to have had slight 
kidney trouble near the end of her first pregnancy in 
1921, but this she denied. In 1925 she was, however, 
put to bed because of “inflammation of the kidneys,” 
high blood pressure and edema of the ankles in the 
seventh month of her second pregnancy, which ended 
prematurely with a stillbirth. Otherwise she had no 
history of serious illness. There had been no symptoms 
of renal, cardiac or vascular disease, although she had 
been told that her blood pressure was slightly elevated. 
She appeared nervous and excited, pulse very rapid, blood 
pressure 192/120; the retinal vessels were normal; a sys- 
tolic murmur was heard over the whole precordium. 
When she was admitted to the hospital for 6 days ob- 
servation June 27 her pulse was 110, blood pressure 
185/125; the urine contained no albumin and only an 
occasional leukocyte; the blood nonprotein nitrogen was 
29 mgm. per cent; blood count normal. The blood pres- 
sure, taken by competent nurses and interns on several 
occasions varied from 132 to 140/70 to 95, although it 
was found on one occasion when she was excited, as 
high as 164/110, After discharge she remained entirely 
free from symptoms. Her blood pressure continued e,x- 
tremely variable. Although it was usually elevated, 150 
to 200, when she reported to her physician, and showed 
a tendency to mount gradually, on occasions in her home 
it proved to be almost normal. The urine was con- 
sistently free from albumin. November 22, she noticed 
general malaise and myalgia and the next night was 
seized with sudden agonizing pain in the epigastrium 
and between the scapulae, accompanied by nausea and 
vomiting. The pain and vomiting recurred at intervals 
during the night. When she entered the hospital No- 
vember 24 her pulse was 100, blood pressure 210/70; 
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her heart was enlarged to the left, with loud, blowing 
systolic murmurs in the aortic area and at the apex; 
there was slight dulness below tlie angle of the right 
scapula. November 27, her face was somewhat puffy, 
the murmurs at the apex and base grating in character; 
the liver was somewhat enlarged and rales were heard 
at the bases of both lungs. November 30, she appeared 
restless, apprehensive, pale, slightly cyanotic, with la- 
bored breathing, rales all over her chest, liver consider- 
ably enlarged, but no edema. December 2, the cyanosis 
and dyspnea had become extreme. The temperature, 
which had been as high as 100 to 100.4° occasionally, 
from the first, had reached 102,4° December 1. The 
heart sounds had become distant, the area of cardiac 
dulness had increased; the murmurs at the apex were 
fainter, but the to and fro hum at the base persisted. 
She suddenly stopped breathing early the next morning. 
The blood pressure varied from 140/70 to 200/80 quite 
capriciously. The urine contained much albumin, many 
leukocytes and casts and rare red blood cells. There 
was nothing unusual about the blood count except a 
leukocytosis 12,400 to 17,300 with 76 to 80 per cent poly- 
nuclears. November 26, the blood nonprotein nitrogen 
was 29 mgm. per cent, phenolsulphonephthalein excretion 
20 per cent, urine culture sterile. December 1, Strepto- 
coccus viridans was found in one blood culture; but 4 
previous and 2 subsequent cultures proved sterile. 

Necropsy. There were no abnormalities in either the 
fetus and its membranes or the uterus, which filled the 
pelvis and extended 18 cm. above the symphysis pubis. 

The right kidney weighed 200 and the left 100 grams. 
This discrepancy in weight was due to several deep 
scars in the left kidney, the results of healed infarcts. 
The pelves and ureters were not dilated and contained 
no exudate. There were no evidences of marked athero- 
sclerosis in the larger renal vessels and no scars in the 
cortex other than those already mentioned. 

The liver weighed 1725 grams and externally and on 
section had a nutmeg appearance. 

There was marked hypertrophy of the heart, which 
weighed SOO grams, and slight thickening of the mitral 
valve with shortening of its chordae tendineae. A large 
quantity of unclotted blood, filling the pericardial sac, 
was seen to emanate from a small discolored zone on 
the posterior surface of the ascending aorta. This ves- 
sel was the seat of a dissecting aneurysm which ap- 
peared to arise from a transverse break in the intima 
above the posterior cusp and extended down into the 
common iliac arteries and up into the left common carotid 
artery. There was no free fluid in the peritoneal cavity, 
but the pleural cavities contained 200 and 150 cc. of 
clear serous fluid. 

Microscopic. There was no cellular inflammatory 
process in any part of the kidneys, including the pyra- 
mids and pelvis. The epithelium lining the convoluted 
tubules showed cloudy swelling of a degree sufficient to 
occlude the lumina frequently, but there was no epi- 
thelial necrosis or desquamation. All the glomeruli ap- 
peared to be increased in size, filling their respective 


glomerular spaces; yet they were relatively acellular. 
Many of the capillary tufts had a wire-loop appearance, 
as the result of thick bands of homogeneously stained 
material between the rows of epithelial and endothelial 
cells. Some tufts appeared completely hidden by the 
deposition of an amorphous material like fibrin or coag- 
ulated fluid. The renal arterioles were all nearly oc- 
cluded by a thickening of their media and the same 
vascular change was present in nearly all the other 
viscera. The tubular and glomerular lesions which were 
more acute in nature and similar to those found in the 
eclamptic cases, were superimposed on this older vas- 
cular disease. 

Throughout the liver large zones of necrosis were 
seen, located principally in the periportal zones and for 
the most part unasscoiated with hemorrhage. 

Case 81551 

Born 1902. Past history unknown, except that her 
mandible was removed in 1910. About October 28, 1929, 
six weeks before term, in her first pregnancy, her 
ankles swelled. November 7, slight vaginal bleeding 
began. November 9, she was seized with sudden abdom- 
inal pain and vomited. Presumably she also had a con- 
vulsion. When she was brought to the hospital a little 
later she was restless, tossing, complaining of headache 
and abdominal pain, with blood pressure 210/140, marked 
pitting edema of the feet, ankles, legs and back, urine 
containing large amounts of albumin and casts, but no 
bacteria. She died in a convulsion before effective treat- 
ment could be instituted. 

Necrospy. The gravid uterus filled most of the ma- 
ternal pelvis and extended into the abdominal cavity to 
the level of the second lumbar vertebra. There were 
nearly 3 liters of slightly blood-tinged fluid in the peri- 
toneal cavity. 

The kidneys, which weighed 175 grams each, were not 
granular and their pelves and ureters were undilated. 

The liver weighed 1800 grams and presented numerous 
large and small hemorrhages externally and on section. 
These were largest in the vicinity of the hepatic liga- 
ments and gallbladder. 

The heart was not hypertrophied, its weight being 300 
grams (body weight 69 kilos). 

Microscopic. There was no inflammatory reaction in 
the renal pelves and pyramids. Casts of desquamated 
epithelial cells were found in the collecting tubules. The 
epithelial cells of the convoluted tubules showed marked 
cloudy swelling. Some lacked distinct cell outlines and 
nuclei and had coarse granules in the cytoplasm. Most 
glomeruli appeared anemic. The tufts had sharp, un- 
usually prominent outlines due to a thickening of the 
substance between capillary endothelium and lining 
epithelium. There was no epithelial or endothelial pro- 
liferation and no capillary occlusion. The renal arterioles 
did not have thickened walls. 

In the liver tlie hemorrhagic zones were limited al- 
most without exception to the periportal regions. Here 
the liver cells were crowded, flattened and necrotic. 
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occasionally the necrosis was found in small foci which 
were free from hemorrhage. Homogeneous, pink-stain- 
ing material resembling hyalin or fibrin filled some of the 
periportal vessels. 

Case 61702 

Born 1893. Patient was admitted to the hospital Sep- 
tember 10, 1927, 35 weeks gravid. Three previous preg- 
nancies arc reported to have been entirely normal. For 
a month she had suffered from frequent headaches, diz- 
ziness and slight edema of the feet. September 8, she 
developed photophobia and just before admission became 
suddenly blind. On admission she was restless and ap- 
prehensive, but rational, with marked tenderness over the 
frontal and maxillary sinuses, extreme retinal edema, 
blood pressure 170/85, moderate generalized subcutaneous 
edema, leukocytosis, urine containing much albumin, a 
few casts and leukocytes. A little later she had a severe 
convulsion, lasting 30 minutes, but after this she im- 
proved so that she was able to take fluids the next day. 
However, her temperature had risen to 101°. September 
12, her blood pressure fell to 130/40 and the temperature 
became normal. At 8 ; 00 p.m. the fetal heart suddenly 
ceased to beat. A Voorhees bag was inserted and 4 
hours later she was delivered of a premature child which 
lived less than 24 hours. September 15, the temperature 
rose to 100° F., the pulse was about 100, blood pressure 
140/100. Her general condition became progressively 
worse. September 20, she sank into coma; September 
21, she exhibited signs of cerebral irritation and focal 
pneumonia; September 22, she died with a terminal rise 
of temperature to 106°. The Van den Bergh test, Sep- 
tember 10, was entirely negative. Spinal fluid obtained 
after death, by puncture of the cisterna, was xantho- 
chromic and contained many red blood cells. 

Necropsy. Small, fresh hemorrhages were seen on 
the serosal surfaces of the ovaries and uterus. There 
were no thrombi in the vessels of the broad ligaments. 
The uterus was soft and enlarged and on section revealed 
a large blood clot which was adherent to the anterior 
surface of the endometrium. 

In the cortex of the kidneys, which weighed 175 grams 
each, there were minute fresh hemorrhages. The right 
kidney also contained a small white infarct. The renal 
pelves and ureters were not dilated and were free from 
purulent material. 

The liver weighed 1800 grams and presented a normal 
appearance in the gross and on microscopic examination. 

Numerous large and small hemorrhages were seen in 
both lungs. Leading to a few of these which were raised 
above the pleural surfaces, could be traced blood vessels 
which were occluded by friable blood clots. In a few 
instances these hemorrhagic infarcts extended to the 
pleural surface which, however, was still free from 
exudate and fluid. The right adrenal was hemorrhagic 
and twice the size of the left which weighed 25 grams. 
Recent small hemorrhages were scattered in the white 
matter of both cerebral hemispheres and in the left 
thalamic nucleus. 

Microscopic. Several of the larger uterine veins were 


occluded by thrombi which in some instances were in 
process of organization. These and otiter vessels were 
surrounded by small mononuclear cells resembling lym- 
phocytes and by small numbers of leukocytes. The 
source of tile emboli to the lungs, brain, right kidney and 
, adrenal appeared to be these uterine thrombi. The 
infarcts in these organs were still quite recent, with little 
evidence of organization and none of suppuration. 

The renal pelves were devoid of inflammatory exudate. 
In the tubules, especially’ their convoluted portions, was 
noted extensive injury consisting of marked swelling 
of the epithelium which often led to tubular occlusion. 
Numerous necrotic epithelial cells were desquamated into 
the lumina. All the glomeruli showed some thickening 
of the basement membrane and a relative acellularity. 
None of the capillary loops w’cre occluded. Small 
hemorrhages were present in the interstitium of the 
cortex. The renal vessels, large and small, were not 
altered in any way. 

Case 9354 

Born 1898. July 24, 1922, two months before term, 
in her first pregnancy, patient had a normal blood pres- 
sure and no albuminuria. Shortly after this she de- 
veloped edema of the feet which gradually extended to 
the legs; and about August 5 extreme nocturnal urinary 
frequency. August 12, she awoke with a headache 
which increased steadily during the day. At 4:00 p.m. 
she had a convulsion, followed by 3 more in rapid suc- 
cession. At 7 : 00 p.m. when she entered the hospital 
she was conscious, but restless and breathless. She had 
generalized edema, a totally irregular heart, blood pres- 
sure 142/115. At 8:00 p.m. the blood pressure was 175. 
Convulsions continued at intervals. At 10 : 00 p.m. the 
fetal heart became inaudible. At 3 : 00 a.m., August 13, 
she lapsed into coma after a convulsion. At 4:00 a.m. 
she was delivered of a dead child, a little later the blood 
pressure fell sharply to 90/55, and at 7:00 a.m., after 
her 12th convulsion, she died. Urine obtained by 
catheter on admission contained much albumin, many 
casts, and masses of red blood cells and leukocytes. 
She did not urinate again, and only a few drops could 
be obtained by catheter after death. The temperature 
rose to 101° a few hours before death. Blood count: 
red blood cells 5.1 million, hemoglobin 85 per cent, leuko- 
cytes 30,800, polynuclears 85 per cent. Blood nonprotein 
nitrogen !28 mgm. per cent. 

Necropsy. A subserous myoma measuring 5 cm. m 
diameter was found on the posterior wall of the greatly 
enlarged uterus. The uterine cavity was filled with a 
fresh blood clot, but otherwise was not unusual. 

The left kidney weighed 175 and the right 150 grams. 
Both showed the remains of fetal lobulations and were 
pale and swollen. The pelves and ureters were not 
dilated. 

The liver weighed 1875 grams. Parts of it were soft 
and flabby, yellow in color and indistinctly lobulated. 

A recent hemorrhage some 2 cm. in diameter was 
present in the lower lobe of the right lung. 
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Microscopic. There was a moderate amount of granu- 
lation and irregularity of the epithelium of the convoluted 
and collecting tubules of the kidneys. Some tubules 
were obstructed by the swollen epithelium, some were 
filled with granular material and some with numerous 
well preserved red blood cells. The glomeruli were not 
abnormal. There was no pyelitic process and the renal 
vessels were not thickened. 

There were numerous zones in the liver in which the 
hepatic cells were poorly stained. Some of the cells 
had granular cytoplasm and small, pyknotic nuclei. 
There was no definite necrosis and no hemorrhage. 

A few cortical extravasations of red blood cells were 
found in the adrenals. 

Case 60242 

Born 1905. Patient was reported to have been treated 
for kidney trouble for about a year in 1923, but the 
nature of the disease is not known. April 8, 1927, 12 
days after the birth of her first child, although labor 
and delivery had apparently been uncomplicated, she was 
seized with sudden cramp-like pain in the lower abdomen, 
followed by a chill. The pain lasted only a short time. 
On the morning of April 9 she had a severe headache, 
but took some food. Later in the day she vomited 
several times, the last times bloody material. Meanwhile 
she became increasingly languid, finally lapsing into 
stupor with incontinence of urine. She was brought 
to the hospital in a comatose state, pale, with slight 
puffiness of the face, rapid, shallow breathing, pulse 140, 
blood pressure 80/50, with no demonstrable lesions in 
heart, lungs or abdomen. She did not respond to in- 
fusions, transfusions and other stimulative measures. 
April 10, she appeared slightly jaundiced. Later in the 
day she developed strabismus and ptosis. She continued 
to vomit blood-stained material. September 11, she ap- 
peared extremely jaundiced, cyanotic, restless, with gasp- 
ing respirations, pulse 160, blood pressure 64/52, tender- 
ness over the whole right side of the abdomen. At noon 
she suddenly vomited blackish material and died a few 
minutes later after some convulsive movements. Urine, 
obtained by catheter, contained much albumin and mod- 
erate numbers of leukocytes. Blood count: red blood 
cells 4.9 million, hemoglobin 85 per cent, leukocytes 
22,200, polynuclears 94 per cent. Blood culture negative. 
Spinal fluid (postmortem) clear, globulin +, leukocytes 
121, mononuclear 118, polynuclear 3, red blood cells 152, 
culture sterile, Wassermann negative. Blood nonprotein 
nitrogen, April 11, 98 mgm. per cent. The temperature, 
on admission, 105°, was continuously elevated until death. 

Necropsy. Although it was still increased in size and 
soft, no further abnormalities of the uterus were dis- 
covered either in the gross or on microscopic examina- 
tion. This was true as well of the tubes and broad 
ligaments. 

The right kidney weighed ISO and the left 125 grams. 
Both were unusually pale and appeared somewhat swollen. 
Their peh’es and ureters were not abnormal. 

The liver weighed 1425 grams and appeared normal 


macroscopically. There were likewise no lesions in the 
brain. 

Microscopic. There was no cellular reaction in the 
renal pelves and pyramids. Extensive edema was present 
in the connective tissue throughout the cortex and 
medulla. The renal tubules contained a flattened epi- 
thelium even in the convoluted portions, but the cyto- 
plasm was markedly granular. The nuclei were often 
absent or obscured and many cells were desquamated. 
This extensive tubular lesion overshadowed the milder 
glomerular changes which consisted of an increase in 
their size without an apparent increase in their cellularity 
and of a slight thickening of the connective tissue between 
capillary endothelium and lining epithelium. The renal 
vessels were not thickened. 

Throughout the liver were seen numerous foci of 
necrosis and hemorrhage (Figure 5). These were in- 
variably of small size and almost invariably located in 
periportal regions. Small numbers of leukocytes were 
found among the necrotic liver cells. The periportal ves- 
sels did not appear occluded. 

Case A32601 

Born 1896. Patient is reported to have had “no 
serious illnesses nor operations.” Previous pregnancies 
in 1925, 1928 and 1931, the last ending in abortion, are 
said to have been uncomplicated. In October 1934, about 
3 months before term, her feet began to swell and after 
this she suffered from slight headaches. When seen, 
December 19, she had edema of the abdominal wall and 
legs, blood pressure 160/110. The next morning at 5 : 00 
a.m. her pulse had risen to 120 and she had a slight 
cough. By 8 : 00 a.m. her sputum was bloody, pulse 144, 
breathing rapid, skin clammy, rales were audible at the 
left base and in the right scapular region. Dyspnea and 
cyanosis increased steadily. On the morning of Decem- 
ber 21, rales became audible over the whole chest, the 
pulse became weak and irregular, and the blood pressure 
fell to 90/60. She died a few hours later. The tem- 
perature remained normal until a few hours before death, 
when it rose to 102°. The urine contained much albumin 
and moderate numbers of red blood cells and leukocytes. 
Blood count: red blood cells 3.9 million, hemoglobin 60 
per cent, leukocytes 16,500, polynuclears 92 per cent. 

Necropsy. The gravid uterus contained a twin preg- 
nancy, but was otherwise not unusual. 

The right kidney weighed 216 and the left 182 grams. 
Both were pale, flabby, and considerably swollen. Their 
pelves were not dilated, but the right ureter was ap- 
proximately 3 times the diameter of the left. This 
dilatation extended from the brim of the maternal pelvis 
to the renal pelvis. The wall of this ureter was also 
considerably thickened. 

The liver weighed 1985 grams and on section revealed 
a sprinkling of small, bright red hemorrhages. 

Both lungs were extensively consolidated with pneu- 
monia and were deep red in color. 

Microscopic. Although there was widespread cloudy 
swelling of the renal tubular epithelium, few of the 
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cells were clesquamntcd. Nevertheless, the lumina were 
filled with an amorphovts granular material and occa- 
sional red blood cells. The glomerular tufts were un- 
usually prominent by virtue of thickened subcpithelial 
conneetivc tissue, w'hich produced the “ hair-pin ’’ ap- 
pearance often described in eclampsia. The glomeruli 
were large and filled their respective spaces without any 
apparent increase in their cellularit}'. The renal blood 
vessels did not have thickened walls. 

Numerous foci of cellular necrosis were found in the 
liver. Some were quite small wliilc others involved por- 
tions of several adjacent liver lobules. They occurred 
relatively infrequently in the periportal zones and had no 
special site of predilection within the lobules. Only in- 
frequently were they hemorrhagic, but almost all con- 
tained leukocytes. 

Case 71013 

Born 1895, colored, patient was admitted to the hos- 
pital August 7, 1928. Four months earlier pregnancy 
was terminated because of orthopnea, dyspnea and edema 
of the feet. The symptoms, however, had increased 
steadily after this. On admission she was acutely sick, 
confused and semistuporous, with orthopnea, dyspnea 
and massive edema of the lower part of the trunk and 
the lower extremities. The left tonsil was much en- 
larged, the posterior cervical lymph nodes palpable. 
There was some fluid in the left chest, more in the right, 
with rales audible above the fluid. The heart was en- 
larged with a harsh systolic murmur and a rough 
diastolic murmur at the apex, the liver was enlarged 
almost to the navel. She seemed to improve under 
treatment for a few days; but it was impossible to re- 
store cardiac and renal function and to eliminate edema. 
August 26, she sank into a stupor and died. The blood 
pressure, August 25, was 230/160. She had a slight 
irregular fever. The Wasserman reaction was 4 -f 
cholesterol, 0 alcoholic antigen. The urine, of low spe- 
cific gravity throughout, contained much albumin, many 
leukocytes and casts. Blood count : red blood cells from 
4.4 to 1.6 million, hemoglobin from 60 to 30 per cent; 
leukocytes were only 8,000 on August 9 and 17, but 
20,200 on August 25. Blood nonprotein nitrogen: 
August 8, 89 mgm. per cent, August 23, 187 mgm, per 
cent. Phenolsulphonephthalein excretion, August 21, 2 
per cent. Cultures of fluid from thorax and abdomen 
were sterile. 

Necropsy. The peritoneal cavity contained about 1500 
cc. of clear serous fluid in which were floating flakes 
of fibrin, and each of the pleural cavities contained 
about 500 cc. of similar fluid. 

Both kidneys, which weighed 100 grams each, were 
edematous and pale and had numerous cortical scars. 
The pelvic mucosa was pale and intact, but appeared 
somewhat thickened. The pelves and ureters were not 
dilated. 

The external surfaces of the liver were covered with 
strands of fibrin which were present also in the peritoneal 
cavity. The organ weighed 1400 grams and was mottled 
yellow and red in the pattern of a "nutmeg” liver. 


Small hemorrhages were scattered beneath Glisson’s 
capsule. 

The hypertrophied heart weighed 500 grams (body 
weight 75 kilos). There were no valvular lesions to 
account for this hypertrophy and no obvious arterio- 
sclerotic lesions were found in any of the organs. 

Microscopic. The renal pelves were lined by a hyper- 
plastic mucosa like that seen in chronic pyelitis, but 
there were few inflammatory cells in or beneath the 
mucosa. Extensive scars infiltrated with small mono- 
nuclear cells marred the renal architecture (Figure 6). 
These scars undoubtedly accounted for the numerous 
shrunken, atrophic renal tubules which occurred in 
groups adjacent to greatly dilated and hj-pertrophied 
tubules. Surprisingly large numbers of tubules were 
filled with granular and cellular casts in which poly- 
morphonuclear leukocytes predominated. The glomeruli 
were much less extensively injured. Many were hyper- 
trophied and small numbers were completely hyalinized. 
In rare instances adhesions were seen between glomerular 
tufts and Bowman’s capsule. There was simple hyper- 
trophy of the media of the renal arteries. The smaller 
arterioles had such greatly thickened walls that the 
lumina were frequently obliterated. 

The liver lobules showed extensive necrosis and hemor- 
rhage in the central vein regions. With this picture 
of chronic passive congestion there was no demonstrable 
fibrosis. 

Case 18925 

Born 1900. Patient was admitted to the hospital in 
labor in the 8th month of pregnancy, June 14, 1923. She 
is reported to have had edema for 2 months in 1920, 
with recurrences in the summers of 1921 and 1922. For 
a month before admission she had moderate, generalized 
edema; for 2 weeks headaches, dizziness and blurred 
vision. On admission she presented moderate, general- 
ized subcutaneous edema, blood pressure 180/136. Be- 
cause she was bleeding from the uterus a Voorhees bag 
was inserted. A little later she was seized with severe 
epigastric pain, vomited, and went into a state resembling 
shock, with air-hunger, although her blood pressure fell 
only to 150/118. She improved after a transfusion, but 
her temperature rose to 100° during the day and on suc- 
ceeding days rose still higher, varying from 100 to 104°. 
June 15, she became cyanotic. The edema increased, res- 
pirations became labored; the abdomen was distended, 
everywhere tender, with dulness in the flanks, and signs 
of fluid appeared in the right chest. She was almost 
anuric, and the edema increased steadily. She sank into 
coma and died June 20, The urine contained much al- 
bumin, casts, pus cells and red blood cells. Blood count ; 
red blood cells 2.9 to 2.1 million, leukocytes 30,600 to 
25,200, polynuclears 89 to 93 per cent. Blood nonprotein 
nitrogen June 14, 51 mgm. per cent; June 15, 99; June IS, 
181; June 20, 221. 

Necropsy. The uterus was enlarged, rising slightly 
above the brim of the maternal pelvis. The Fallopian 
tubes were deeply congested. There were 150 cc. of 
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cloudy fluid in the peritoneal cavity whose surfaces, 
however, were smooth and glistening. 

The kidneys weighed 200 grams each. They were 
pale organs from which the capsules could be stripped 
readily, exposing smooth surfaces covered with great 
numbers of petechiae. Neither the pelves nor ureters 
were dilated. 

The liver was very large, weighing 2200 grams. It 
contained numerous large central zones of necrosis which 
were yellow in color surrounded by peripheral zones of 
hemorrhage. Similar lesions were found in the lungs 
and colon. 

Two large, cauliflower-like masses were attached to the 
mitral valve of the heart which weighed 275 grams. 
One of these was quite firm and gray in color, the 
other was red and friable. 

Microscopic. The endometrial surface of the uterus 
was covered by blood clot which was infiltrated with 
leukocytes and contained great masses of bacteria. Ex- 
tensive hemorrhages were present throughout the uterine 
musculature. Many vessels were filled with thrombi, 
some of which were partially organized. 

There was extensive destruction of the tubular epi- 
thelium of the kidneys. Many tubules were completely 
filled with granular material which was often mixed 
with mononuclear cells and leukocytes. Some contained 
casts of red blood cells. The interstitial tissue was 
edematous and contained both cellular exudate and bac- 
terial masses. All the glomeruli were swollen and filled 
their spaces completely. Some were hemorrhagic and 
others contained bacterial emboli in their capillary loops. 
Many of the renal vessels were congested, but they were 
not otherwise altered. The pelvic mucosa appeared 
normal. 

Bacterial emboli in large numbers were seen in the 
liver, lungs and colon. Microscopically, infected infarcts 
were found in all these organs. 

Case 33564 

Born 1905. Patient was admitted to the hospital June 
13, 1924, about the sixth month of her first pregnancy. 
For two months she had been extremely irritable and 
nervous, with increasing awkwardness in manual move- 
ments and twitching of the facial muscles. June 6, she 
suddenly developed extreme weakness of the legs, and a 
little later grimacing and difficulty in speaking. June 
10, she was forced to bed by weakness of the legs, pains 
in the pelvis, abdomen, loins and hips. June 13, she 
gradually sank into coma. On admission she was in 
deep coma, moaning, restless and twitching, temperature 
103.4° pulse 160, blood pressure 120/86, with rapid, la- 
bored breathing, tracheal rales, slight cyanosis, dry 
coated tongue, rigid neck and spine, apical thrill and 
murmur, doubtful Kemig sign and absence of deep re- 
flexes. Her condition did not improve. The tempera- 
ture rose steadily to reach 107° before death on June 
IS. Urine contained much albumin, many casts, and oc- 
casional red blood cells and leukocj'tes. Blood count: 
red blood cells 5.2 million, leukocytes 12,400, polynuclears 


83 per cent. Blood culture sterile. Spinal fluid clear, 
but under increased pressure. Blood nonprotein nitrogen 
29 mgm. per cent. 

Necropsy. The gravid uterus filled the maternal pelvis 
and extended up to the level of the umbilicus. The fetus 
and fetal membranes presented no abnormalities. 

The kidneys, which weighed 200 grams each, were 
swollen and congested. A few petechiae were seen in 
the mucosa of the renal pelves. The latter as well as 
the ureters were not dilated. 

A row of verrucous vegetations were present along 
the line of closure of the mitral valve. The heart, which 
weighed 225 grams, presented no other abnormalities. 

Lack of permission prevented examination of the brain. 

Microscopic. The renal tubular epithelium was swollen 
and granular and in some places had imdergone actual 
necrosis. The tubules contained amorphous granular 
debris, desquamated cells and erythrocytes. The inter- 
stitial tissue was edematous and here and there con- 
tained collections of small round cells. There was 
marked congestion of the glomeruli whose capillary endo- 
thelium was swollen. Some glomerular capillaries ap- 
peared closed with thrombi. Other than congestion the 
renal vessels presented no abnormalities. The pelvic 
mucosa was normal. 

Typical Aschoff bodies were found in small numbers 
throughout the myocardium. The mitral verrucae con- 
sisted of hyalin thrombi superimposed on an organizing 
exudate composed of round cells and leukocytes. Bac- 
teria were not present. 

The liver was normal histologically. 

Case 63494 

(For details of history see (1), Case 4.) In 1928, 
just after delivery of first child went into eclampsia. 
Puerperium febrile, associated with pyuria. Relapse, 
after discharge, with fever, headache, lumbar pain and 
general malaise. Ten weeks after delivery, hypertension. 
Readmitted 5 years later with advanced renal and car- 
diac failure and died after 5 weeks. 

Necropsy. The right kidney weighed 70 and the left 
60 grams. The cortical markings were indistinct and 
much of the parenchyma seemed to have been replaced 
by fibrous connective tissue. The surfaces of the kid- 
neys were markedly granular. Both kidneys contained 
a superabundance of peripelvic fat although the pelves 
were not dilated. Nor were the ureters unusual except 
for their greatly thickened walls. 

There was moderate cardiac hypertrophy, the heart 
w’eighing 450 grams (body weight 74 kilos). There were 
no valvular nor vascular lesions. An excess of clear, 
yellow, serous fluid (175 cc.) was found in the peri- 
cardial sac. There were 125 cc. of similar fluid in the 
left pleural cavity; the right cavity was obliterated by 
fibrous adhesions. 

Microscopic. The architecture of the kidney was dis- 
torted by a tremendous increase of connective tissue. 
In man 3 - zones the glomeruli were complete^' hyalinizcd 
and their associated tubules were atrophic. Some glo- 
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mcruli were greatly hypertrophied and their tubules were 
dilated and lined by tall columnar epithelium. The cyto- 
plasm of some of the cells lining these tubules showed 
colloid change. There was an extensive lymphocytic in- 
filtration throughout the interstitial tissue. The blood 
vessel walls were thickened, but their lumina were pat- 
ent. The picture presented by both kidneys was that of 
advanced hydronephrosis. The pelvic mucosa was des- 
quamated in many places and its place was occupied by 
lymphocytes, plasma cells and large mononuclears (Fig- 
ure 7). The walls of both ureters were greatly thick- 
ened as the result of an increase of fibrous tissue. Be- 
neath and replacing the ureteral mucosa were collections 
of lymphocytes, other mononuclear cells and plasma cells 
(Figure 8). 

The liver was normal. 

Case 44154 

(For details of history see (1), Case 5.) In 1912 
pyelitis in seventh month of first pregnancy. After this, 
complaint of recurrent pains in back and abdomen with 
later hypertension, renal and cardiac failure until death 
in 1935. 

Necropsy. There were generalized subcutaneous 
edema, 800 cc. of clear, amber fluid in the peritoneal 
cavity and 300 cc. of similar fluid in the right pleural 
cavity. The left thoracic cavity was obliterated by 
fibrous adhesions. 

The right kidney weighed 24 grams and the left 60 
grams. The external surfaces of both were scarred and 
granular. The right kidney consisted largely of its pelvis 
and calices with only a narrow rim of cortical tissue. 
On the left side there was no obvious pelvic dilatation. 
Both ureters were undilated. Large subintimal athero- 
matous plaques were present in both renal arteries, but 
they were more numerous in the right. 

The liver weighed 1230 grams and showed numerous 
small hemorrhages externally and on section. 

There was cardiac hypertrophy, especially of the left 
ventricle, without cardiac dilatation, the heart weighing 
395 grams (body weight 50 kilos). 

The wall of the entire colon was thickened by edema 
and its mucosa was discolored and ulcerated in numerous 
places. The ulcerations surrounded small islands of pre- 
served mucosa which resembled polypoid structures. 

Microscopic. Both kidneys were tremendously scarred 
and contained little normal parenchyma. The scars were 
infiltrated with large collections of lymphocytes and other 
mononuclear cells. The tubules were either shrunken 
and filled with coagulated homogeneous material or were 
greatly dilated and lined by hypertrophied epithelium. 
The majority of the glomeruli were completely hyalinized. 
Both large and small arteries had markedly thickened 
walls with hyperplastic intimal coats and minute lumina. 
Several vessels were filled with a loose reticulum of 
connective tissue. In the pelvic regions the kidneys were 
composed of dense fibrous tissue which was invaded by 
small numbers of lymphocytes. 

Occasional hepatic lobules revealed both necrosis and 


hemorrhage in the region of the central veins. In some, 
there was also central fibrosis. 

A hemorrhagic fibrinopurulcnt exudate replaced the 
mucosa and infiltrated the submucosa of the colon. Here 
as in most of the other organs of the body the smaller 
arteries .showed concentric intimal thickening. 

Case 53431 

(For details of history sec (1), Case 11.) Pyelitis 
and toxemia in 4th pregnancy in 1929. In 1934 died of 
pulmonary embolism following appendectomy and uterine 
suspension. Before this some urinary symptoms and in- 
constant hypertension. 

Necropsy. A dense, red, friable blood clot 10 cm. in 
length occluded the right pulmonary artery. Most of this 
lung was hemorrhagic from early infarction. The source 
of the pulmonary embolus could not be determined. 

The kidneys, which weighed 150 grams each, had 
smooth external surfaces, and were deeply congested. 
The mucosa of both renal pelves was thickened and had 
a milky appearance, but only the right pelvis and ureter 
were dilated. 

The heart was not hypertrophied, weighing but 250 
grams, and the liver was not abnormal. 

Microscopic. There was extensive cloudy swelling of 
the renal epithelium which, however, was not necrotic. 
A marked vascular congestion involved both the pyramids 
and the glomeruli which were very large and filled their 
respective spaces completely. Only an occasional glo- 
merulus was hyalinized, and there were relatively few 
cortical scars. The renal vessels were thickened but 
slightly. Most of the pelvic mucosa was desquamated; 
the submucosa was thickened with dense fibrous tissue 
free from inflammatory reaction. 

Case 31841 

(For details of history see (1), Case 8.) Pyelitis in 
1918, aggravated by pregnancies in 1924 and 1926. After 
this, increasing urinary symptoms, hypertension, and renal 
and cardiac failure, ending fatally in 1932. 

Necropsy. About 2 liters of clear, pale brown fluid 
were present in the peritoneal cavity, 1500 cc. in the 
right and 750 cc. in the left pleural cavity. The sub- 
cutaneous tissues throughout the body were water -logged. 
Numerous delicate fibrinous adhesions bound together 
epicardium and pericardium. 

The right kidney weighed 50 and the left 60 grams. 
Both were scarred and granular externally and revealed 
extensive cortical scars on section. The pelves were not 
greatly dilated, but both were lined by thickened mucosa. 
The calices of the right kidney were filled with friable, 
black, calcareous material. The ureters were not dilated 
but their walls were greatly thickened. None of the 
larger renal vessels showed much atheromatous change. 

A small quantity of purulent urine filled the bladder 
whose mucosa was ulcerated over small areas and con- 
tained many petechial hemorrhages. 

The heart was hypertrophied, weighing 425 grams 
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(body weight 68 kilos), but was not dilated. There was 
no chronic passive congestion in the liver. 

Microscopic. There was widespread scarring with 
mononuclear cellular infiltration throughout both kidneys. 
Many tubules were atrophied and others were greatly 
increased in size. Cellular casts in which polymorpho- 
nuclear leukocytes predominated filled many of them. 
The majority of the glomeruli were strikingly altered. 
Some were entirely replaced by hyalinized connective 
tissue; in others there were adhesions between tufts and 
capsules. Still others, and these were perhaps in the 
majority, revealed amorphous material like fibrin in 
isolated capillary loops, presenting a picture similar to 
that seen in so-called malignant nephrosclerosis. The 
afferent arterioles of such glomeruli were often greatly 
thickened (Figure 9) and small numbers of leukocytes 
were present in the glomerular spaces. Nearly all the 
renal arterioles had markedly hypertrophied walls, but 
this vascular change was seen also in the pancreas, 
stomach and spleen. The mucosa of the renal pelves re- 
vealed a marked round cell infiltration and a great in- 
crease of the underlying connective tissue (Figure 10). 
The ureters showed changes which were quite com- 
parable to those in the pelves. In the urinary bladder 
the mucosa was desquamated over regions which were 
infiltrated with small round cells. A few fresh hemor- 
rhages also lay scattered in the submucosa. 

Case 8250 

(For details of history see (1), Case 7.) Kidney 
trouble after first pregnancy in 1910, succeeded by recur- 
rences and exacerbations with pregnancies in 1914, 1918, 
1920, 1922 and 1924. In pregnancy in 1926 extreme 
hypertension, urinary frequency and burning. Persistent 
hypertension, albuminuria and pyuria early in 1927, death 
a few months later from barbital poisoning. 

Necropsy. Both kidneys were small and diffusely 
scarred, the right weighing 57 and the left 35 grams. 
The capsules were thick, tough and firmly adherent to 
the underlying parenchyma. Each kidney had two 
dilated pelves and two ureters. On the right side the 
ureters entered the urinary bladder by two separate 
orifices, on the left the two ureters fused near the blad- 
der and entered it through a single orifice. All the 
ureters were dilated. 

Microscopic. There was a diffuse increase of con- 
nective tissue throughout both kidneys. In these scars 
were collected many clumps of lymphocytes and other 
mononuclear cells. Large numbers of renal tubules 
were atrophic and filled with homogeneous coagulated 
material. Others were dilated and lined with tall 
columnar cells. Most of the glomeruli were completely 
fibrotic, but some were increased in size and filled their 
spaces. Occasionally glomeruli were found which had 
adhesions between tufts and Bowman's capsules. The 
large and small renal vessels had concentrically thickened 
walls and greatly narrowed lumina. The renal pelves 
showed great congestion and edema with desquamation 
of the lining epithelium and granulation tissue formation 


along the surface. The ureters displayed the same type 
of inflammatory reaction. 

Case 47162 

(For details of history see (1), Case 9.) In 1919, at 
18, scarlet fever without nephritis, but slight albuminuria 
and hyposthenuria. Toxemia with pregnancy in 1920. 
After this, increasing cardiac and renal failure with 
hypertension until death in 1933. 

Necropsy. Together the kidneys weighed 100 grams 
but the right was much smaller than the left and weighed 
approximately 15 grams. Both were greatly scarred, 
the renal capsules being firmly attached to the paren- 
chyma. The right renal artery was quite small and 
hypoplastic but relatively free from atheroma. The 
renal pelves and ureters of both kidneys were dilated 
to 2 or 3 times their normal size. The urinary bladder 
was likewise dilated and its wall was surprisingly thick. 
The urethra was narrow and although its lumen was 
patent, its wall was increased in thickness. The ureteral 
orifices were not obstructed. 

The heart was not appreciably hypertrophied, weighing 
but 300 grams in a patient of 61 kilos. There was no 
evidence of chronic passive congestion in any of the 
viscera. 

Microscopic. No glomeruli were present anywhere 
in the right kidney, which was replaced almost entirely 
by scar tissue in which were found dilated and atrophic 
tubules as well as numerous lymphocytes, large mono- 
nuclear cells and leukocytes. In the left kidney the 
findings were essentially similar but less intense. Many 
glomeruli were completely and some were partially 
hyalinized. There were striking vascular changes in 
both kidneys. These consisted of marked thickening of 
the walls and narrowing of the lumina of the arteries. 
The epithelium lining the renal pelves was in part des- 
quamated. There were subepithelial edema, vascular 
congestion and leukocytic infiltration. Leukocytes were 
frequently found in clumps within the collecting renal 
tubules. The ureteral walls were thickened and infil- 
trated with lymphocytes. The wall of the urinary blad- 
der was thickened; its epithelium was desquamated and 
the lamina propria was infiltrated with polymorpho- 
nuclear leukocytes and contained congested blood vessels. 
There was an increase of connective tissue in the wall 
of the urethra. 

Case A9526 

(For details of history see (1), Case 6.) Pyelitis in 
first pregnancy in 1913. Three later pregnancies re- 
ported uncomplicated. After 1930 increasing symptoms 
of hiTJertension, renal and cardiac failure. Death in 
1932. 

Necropsy. There were 800 cc. of turbid, blood tinged 
fluid in the peritoneal cavity whose surfaces were covered 
with a thin film of fibrinopurulent exudate. The other 
serous cavities of the body were not abnormal. 

Both kidneys were greatly diminished in size, the right 
weighing 70 and the left 80 grams. Their external sur- 
faces were scarred and their cortical architecture was 



418 


HARRY M. ZIMMERMAN AND JOHN P, PETERS 


blurred by reason of diffuse scarring. The pelves, 
caliccs and ureters were dilated to a moderate degree and 
were lined by a thickened membrane. 

The heart was moderately hypertrophied, weighing 
360 grams, while the body weight was 54 kilos. The only 
other abnormalities noted macroscopicaliy were small 
fresh hemorrhages in the lungs, liver and mucosa of the 
gastro-intcstinal tract and liver. 

j\I{croscoptc. Afuch of the architecture of the renal 
parenchyma was replaced by scars which were diffusely 
infiltrated with lymphocjTes, plasma cells and moderate 
numbers of leukocytes. Many collecting tubules were 
filled with casts which were composed of granular amor- 
phous material, cast-off epithelial cells, or polymorpho- 
nuclear leukocytes. The convoluted tubules less often 
contained such casts. The changes most frequently en- 
countered in the glomeruli were fibrosis and hyalinization. 
Usually the whole glomerulus was thus involved. Glo- 
merular adhesions were infrequent, nor were there con- 
spicuous changes in Bowman’s capsule. Nearly all the 
renal vessels had markedly narrow lumina. The narrow- 
ing was in each instance due to medial hypertrophi' and 
increase in subintimal connective tissue. There were 
capillar}'" congestion and hemorrhagic e.xtravasations in 
the subepithelial layer of the renal pelves and urinary 
bladder. An infiltration of lymphocytes, plasma cells 
and other mononuclear cells was also present beneath 
the pelvic and cystic mucosa. 

Case 20067 

Born 1896. Patient was first seen in the dispensary 
October 29, 1918, two weeks before term in her fourth 
pregnancy. Earlier pregnancies in 1912, 1913 and 1915 
were reported to have been normal. The blood pressure 
was 110/85 and on December 4, 98/72, the urine free 
from albumin on both occasions. She was delivered 
at home, without complications on December 24. June 
2, 1921, she was seen again with incomplete abortion, but 
no general examination was made and she went else- 
where for treatment. In 1922 she had an abortion at 3 
months for which she was treated by curettage in an- 
other hospital. In June or July 1923 another pregnancy 
was terminated early by self-induced abortion. No- 
vember 19, 1923, she appeared in the dispensary again 
3 months pregnant, complaining of pain in both lower 
quadrants of the abdomen since the onset of pregnancy. 
January 2, she complained of coryza, hoarseness and 
palpitation; her blood pressure was 108/62, urine clear. 
She continued to complain of pains in the abdomen and 
back, but was free from objective signs until May 15, 
when her blood pressure was 152/90. May 26 and June 2, 
her ankles were swollen, but blood pressure was normal. 
She was delivered at home June 4 apparently without 
complications. November 18, 1927, during another preg- 
nancy, a diagnosis of cystitis was made, because of com- 
plaints of urinary frequency and pain and tenderness in 
the left lower quadrant of the abdomen, although her 
urine was clear and her blood pressure normal. She was 
delivered at home April 22 uneventfully, the urine and 


idood pressure remaining normal throughout. June 4, 
the l)lood pressure was 112/80. April 17, 1931, com- 
plaining of sharp pain in the right side of her neck and 
the right shoulder, her blood pressure was 185/117, her 
urine contained a faint trace of albumin, the blood count 
was normal. Repeated examinations revealed nothing 
further. April. 19, 1933, two months pregnant, complain- 
ing of pain in the rigid lower quadrant of the abdomen, 
palpitation, dyspnea and increasing urinary frequency, her 
blood pressure \%'as 250/150, heart slightly enlarged with 
a systolic murmur at the apex, the optic discs blurred, 
tortuous vessels, scars and hemorrhages in the retinae, 
tenderness in both lower quadrants of the abdomen, urine 
containing a faint trace of albumin, rare leukocytes and 
casts, blood nonprotcin nitrogen 26, blood count normal. 
She was admitted to the hospital where pregnancy was 
terminated by hysterotomy and the Fallopian tubes were 
sectioned and ligated. Symptoms and hypertension con- 
tinued. March 16, 1934, her vision was failing, blood 
pressure 230/120, blood nonprotein nitrogen 36, phenol- 
sulphonephthalein excretion 40 per cent. August 10, she 
was seized with sharp prccordial pain, followed by dysp- 
nea and palpitation. She entered the hospital acutely ill, 
apprehensive, with extreme dyspnea and orthopnea, 
obliteration of the optic discs and retinal hemorrhages, 
enlarged heart, coarse rales at the bases of both lungs, 
bilateral pleural effusion, but no subcutaneous edema. 
The urine contained much albumin, a few red blood cells 
and granular casts and moderate numbers of leukocytes; 
there was moderate secondary anemia, and the blood non- 
protein nitrogen was 84 mgm. per cent. She did not 
respond to treatment and died August 22, with a ter- 
minal blood nonprotein nitrogen of 172 mgm. per cent. 

Necropsy, About 400 cc. of clear, yellow fluid were 
present in each pleural cavity, but the other serous 
cavities did not contain an excess of fluid. 

The right kidney weighed 140 and the left 145 grams. 
Their external surfaces were coarsely granular and their 
cortices were quite narrow. Both externally and on 
section there could be seen small fresh hemorrhages in 
the cortex. The renal pelves and ureters were not 
dilated or otherwise altered. The larger renal vessels 
did not appear to be thickened. 

The heart was distinctly hypertrophied and weighed 
495 grams (body weight 62 kilos). Its ventricles were 
dilated and there was evidence of chronic passive con- 
gestion in the liver and lungs. 

Microscopic. In both renal cortex and medulla were 
numerous small scars infiltrated with small numbers of 
lymphocytes. The convoluted tubules showed cloudy 
swelling of their epithelium and often containued co- 
agulated material in their lumina. The glomeruli pre- 
sented a great variety of changes consisting of partial 
and complete fibrosis and hyalinization, adhesions be- 
tween tufts and capsules, vascular congestion, and hemor- 
rhage into glomerular spaces. In rare instances the 
epithelium of Bowman’s capsule had proliferated to form 
crescents. A striking glomerular change was the thick- 
ening of the subendothelial connective tissue and the 
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presence of a fibrin-like material in the capillary tufts. 
The afferent glomerular arterioles were strikingly 
thickened with slit-like lumina and walls which seemed 
to be hyalinized. Similar changes were noted in the 
larger arterioles. The large renal arteries were rela- 
tively normal. There was no sign of an inflammatory 
reaction in the renal pelves. 

Case 43495 

Born 1898. Patient was first seen in the prenatal 
clinic, May 27, 1926, three months pregnant, with blood 
pressure 150/90. Pregnancies in 1921 and 1922 were re- 
ported uncomplicated, but in the third, in 1924, her blood 
pressure is said to have been high. On all subsequent 
visits until the end of pregnancy blood pressure and urine 
were found normal, and she was delivered in the hos- 
pital January 13, 1927, without difficulty. Blood pres- 
sures in May, 1927, were normal, March 11, 1929, she 
again came to the prenatal clinic, 4 months pregnant. 
August 26, the blood pressure which had been con- 
sistently normal, was 142/82, the urine loaded with 
albumin. August 28, she was admitted at term, blood 
pressure 156/100, eyegrounds normal, albuminuria pro- 
fuse, no edema, blood nonprotein nitrogen 24 mgm. per 
cent. She was delivered August 30 and had an un- 
eventful puerperium. October 7, in the dispensary, her 
blood pressure was 160/108; she complained only of pain 
and tenderness in the sacro-iliac region. Subsequent 
blood pressures: October 15, 130/80; November 19, 
152/100; December 16, 130/100. The urine was normal 
February 4 and 7, 1930. March 17, she entered the 
hospital for dilatation and curettage, following an abor- 
tion in the third month, with blood pressure 150/90. 
November 6, it was 165/100, and September 18, 1931, 
150/90. On this last occasion she complained of head- 
ache and blurred vision. May 28, 1932, when she entered 
the hospital for a perineal repair the blood pressure was 
160/108, the heart slightly enlarged, urine containing 
moderate amounts of albumin and occasional leukocytes. 
Subsequent blood pressures, after operation, were 130/80, 
135/90 and 132/92. June 24, in the dispensary, the blood 
pressure was 160/110, the urine clear. Early in Sep- 
tember she began to suffer increasingly from headaches. 
After breakfast on September 17, she vomited, a little 
later she developed a severe headache, and about 2:00 
p.m. had a convulsion, succeeded by stupor. She was 
brought to the hospital, with temperature 102.8°, pulse 
72, blood pressure 150/98, comatose, vomiting, petechiae 
over the left forearm, stiff neck, blurring of the margins 
of the optic discs, heart moderately enlarged, occasional 
premature beats, no murmurs. The spinal fluid was 
bloody, and under increased pressure. After desensitiza- 
tion she was given intraspinally antimeningococcus serum, 
which produced accelerated serum sickness. She con- 
tinued comatose until death, September 23. The tem- 
perature by September 20 had risen to 106.4°, blood non- 
protein nitrogen was 42 mgm. per cent. The blood 
count was normal except for a leukocytosis (18,500 to 
15,500 with 96 to 77 per cent polj-nuclears). The urine 


contained a slight quantity of albumin, occasional red 
blood cells and granular casts, specific gravity up to 1.026. 
The blood pressure was 150 to 178/85 to 100 until the 
last day, when it fell to 110/86. 

Necropsy. The right kidney weighed 125, the left 
150 grams. The external surfaces of both were smooth 
and there were no scars in the cortex of either. The 
major renal vessels appeared to be free of atheroma. 
There was no evidence of pelvic or ureteral dilatation 
and infection. 

A small hemorrhagic infarct was seen in the lower 
pole of the left kidney and several similar lesions of small 
size were noted in the spleen. Massive hemorrhages and 
tissue necrosis were found in both frontal lobes of the 
brain, which was the site of an intraventricular and sub- 
arachnoid hemorrhage. 

The heart was not hypertrophied and weighed but 325 
grams, whereas the body weight was 81 kilos. There 
was no evidence of passive congestion in the viscera. 

Microscopic. Except for cloudy swelling the epithe- 
lium of the renal tubules was intact, and the lumina con- 
tained no casts. There were few scars in the cortex and 
pyramids and only an occasional glomerulus was com- 
pletely hyalinized. On the other hand, in numerous 
glomeruli could be seen some degree, slight to moderate, 
of fibrin deposition in capillary tufts and thickening of 
afferent arterioles. Medial thickening was also noted in 
many of the larger renal vessels, but never to a very 
marked extent. The pelvic mucosa was not altered in 
appearance and the submucosa was free of cellular 
exudate. 

’ Case 58750 

Born 1894. Patient was first seen in the prenatal clinic 
January 25, 1927, three months pregnant, with blood 
pressure 170/110 and minimal albuminuria. She reported 
that her first pregnancy, in 1926, had terminated spon- 
taneously in stillbirth at 7 months, after a period of 
vomiting, kidney trouble and edema of the legs. She 
was brought into the hospital, but refused treatment. 
The 1927 pregnancy and another in 1929 terminated, like 
the first, in spontaneous abortions at 7 months. The 
toxemic symptoms, however, became more severe with 
each pregnancy. After the last, she remained reason- 
ably well until December 1931, when she began to suffer 
increasingly from dyspnea on exertion and orthopnea. 
About Christmas, edema began in the ankles and gradu- 
ally spread to involve the legs, thighs and trunk. About 
the middle of January 1932, her right leg became in- 
fected and at about the same time her vision began to 
deteriorate. January 30 or 31, she became delirious. 
She entered the hospital, February 2, restless, disoriented, 
with marked dyspnea and orthopnea, temperature 99°, 
pulse 90, blood pressure 228/134, advanced retinal sclero- 
sis, tongue and throat dry, raw and coated with yellow 
exudate, signs of pleural effusions and rales at the bases 
of both lungs with wheezes and rhonchi above, heart and 
liver greatly enlarged, massive edema of the lower ex- 
tremities and trunk, ulcerations on both shins and cel- 
lulitis of the right leg, slight anemia, high leukocj-to.sis 
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(24,700 with 92 per cent polymiclears), urine containing 
a little albumin and occasional leukocytes, blood non- 
protein nitrogen 64 mgm. per cent, serum protein 6.32 
per cent, with albumin 3.27. Slic did not improve under 
treatment and died Februarj' 4. The temperature never 
exceeded 100.4°. 

Necropsy. There was marked snbcutajicous edema of 
both lower extremities, and in the right leg, in addition, 
multiple superficial ulcers from which c.xudcd purulent 
material. About 100 cc. of thin, clear fluid were pres- 
ent in the peritoneal cavity, 300 cc. in the left and 1075 
cc. in the right thoracic cavity, which also contained 
fibrin. The liver and both lungs showed evidence of 
marked chronic passive congestion. 

The left kidney weighed 125 and the right 175 grams. 
Their external surfaces were finely granular and their 
cortices diffusely scarred. There was no apparent dila- 
tation of the calices, pelves and ureters. The renal ar- 
teries were not appreciably thickened. 

There was rather marked hypertrophy and dilatation 
of the heart which weighed 625 grams (body weight 83 
kilos). The valves were normal. 

Microscopic. There were numerous small scars in the 
renal cortex. Many tubules were small and atrophic 
but others were greatly dilated. The epithelium of the 
latter was frequently swollen and granular. In some 
of the tubules the epithelium was necrotic and desqua- 
mated; it often lay mingled with polymorphonuclear leu- 
kocytes in the lumina of the collecting tube. Completely 
hyalinized glomeruli were present as well as some which 
were atrophied and reduced to a few capillary loops. 
Many glomeruli were hypertrophied and filled their 
spaces completely. Very often glomeruli were seen 


whose capillary loops were replaced with a pink-staining 
material like fibrin, the glomerular spaces containing 
small numbers of leukocytes, the walls of the afferent 
arterioles greatly thickened and the lumina partially or 
completely occluded (Figure 11). These changes re- 
sembled in every way those seen in so-called malignant 
nephrosclerosis. Other small arterioles in addition to the 
vasa afferentia had concentrically thickened walls with 
greatly narrowed or completely occluded lumina (Figure 
12). Similar changes were seen throughout the body. 
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Previous studies on renal physiology during 
acute pneumococcus pneumonia have yielded 
rather discordant results. In general a hyper- 
function has been reported, but this phenomenon 
has not always been observed. Lewis (1), Mc- 
Intosh and Reimann (2) and Goldring (3) found 
an apparent increased functional capacity of the 
kidney during pneumonia. Rackemann, Long- 
cope and Peters (4) and Frothingham (5) re- 
ported that there was neither impairment of func- 
tion nor hyperfunction. On the other hand, 
Tiieston and Comfort (6) Schwartz and McGill 
(7) and Bookman (8) reported definite evidence 
of renal impairment. Interest has been stimu- 
lated in the relation of the pneumococcus to renal 
pathology by the work of Blackman (9) and his 
coworkers on the association of this organism 
with the nephrotic syndrome. Rake (10) and 
Seegal (11) have reported on the incidence of 
nephritis in pneumococcus infection while Win- 
kenwerder, McLeod and Baker (12) have tabu- 
lated the incidence of pneumonia preceding ne- 
phritis. In a survey of the literature by Rake, 
the pneumococcus was second to the streptococcus 
as a bacterial indtant of Bright’s’ disease, while 
Winkenwerder, McLeod and Baker found that 
pneumonia was the type of infection observed at 
the onset of 6.5 per cent of patients in their series 
with Bright’s disease. Seegal, however, observed 
but seven cases of nephritis in 1004 cases of pneu- 
monia. The reasons for the variations in these 
statistics are not clear. 

The present series of observations was under- 
taken to determine the immediate and delayed ef- 
fect of pneumococcus pneumonia on renal func- 
tion and to gain some understanding of the 
changes in renal physiology accompanying the 
period of febrile illness and also convalescence. 

The primary mode of approach to estimation of 
renal function was through the urea clearance test 
and estimations of protein excretion in the urine. 
These two procedures could be carried on without 

^ Read by title at the meeting of tlie American Society 
for Clinical Investigation, in Atlantic Citj’, May, 1936, 


requiring too great cooperation of the patient and 
were independent of the treatment regime. Sedi- 
ment counts were done on fresh morning speci- 
mens as an adjunct to the above tests. Other 
more elaborate tests were not done, as in many in- 
stances the patient was too ill to be disturbed. 

METHOD OF STUDY 

Twenty-eight patients admitted consecutively to 
the Rockefeller Institute for treatment of pneu- 
monia were observed over varying periods of 
time, in some instances as long as 6 months. On 
admission a urea clearance test was done; the 
following day a sediment count was performed. 
Urea clearances were repeated every three days 
until crisis, when practicable, and were always 
done on the day of crisis. During the acute ill- 
ness 12-hour clearances were done unless the pa- 
tient was incontinent, when the periods were 
shortened to those over which urine collection was 
complete. Another urea clearance was done 5 
days post-crisis and at the time of discharge. 
Following discharge, urea clearances were done 
on the patients in the Outpatient Clinic once a 
month until renal function had been normal for 
two months. Sediment counts were done on the 
first day after crisis and on the sixth day after 
crisis. Quantitative estimations of urinary pro- 
tein by the method of Shevky and Stafford (13) 
were done daily during the febrile period and as 
long thereafter as protein was present. Blood 
pressure determinations were done daily, and 
retinal examinations were made on each patient 
during the acute illness as well as in convalescence. 
Urea clearances were done more frequently than 
noted above whenever the results were outside the 
usual normal range. The patients were studied 
without reference to the type of pneumococcus in- 
fections or method of treatment. The bacterio- 
logical findings and treatment of the disease in 
these patients are shown in Table I. None of the 
patients gave any historj" of preexisting renal 
disease. In none of the patients was any retino- 
pathy noted nor was there any marked sclerosis 
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TAIU.K I 

Sutimiary shou'ivg number of patients svith each type of 
pncumocoecus 


Pneumococcus 

type 

Patient 

Sc.x 

Arc 

Scrum 

tlicr- 

apy 

n.tc- 

tr- 

rr. 

infn 

Outcomr 

I 

A. B. 

M. 

years 

17 

4- 


Recovered 


M. A. 

F. 

IS 

+ 

4- 

Recovered 


C. E. 

M. 

15 

+ 


Recovered 


P. T. 

M. 

17 

U- 

1 

j- 

Ivccovcret! 


E. M. 

F. 

29 

+ 

— 

itecovered 


H. Y. 

F. 

40 

4- 


Recovered 


R. L. 

F. 

42 

4- 

— 

Recox'cred 

II 

A. K. 

M. 

30 



Recovered 


S. M. 

M. 

56 

4- 

— 

Recovered 

III 

P. M. 

M. 

21 



Recovered 


M. S. 

F. 

48 

— 

... 

Recovered 


H. N. 

F. 

55 

— 


Recovered 


M. C. 

M. 

56 

— 

_ 

Recovered 


H. B. 

M. 

65 

— 

— 

Recovered 


N. H. 

F. 

29 


— 

Recovered 


E. W. 

M. 

45 

— 

— 

Died 

V 

E. C. 

F. 

10 



Recovered 


0. S. 

M. 

39 

— 

— 

Recovered 

VII 

0. K. 

F. 

22 



Recovered 


.I-T. 

M. 

28 

+ 

— 

Recovered 


M. B. 

M. 

20 

— 

— 

Recovered 

VIII 

H. F. 

M. 

35 



Recovered 


A. I. 

M. 

52 

— 

— 

Recovered 

IX 

G. Z. 

F. 

49 

— 

— 

Recovered 

Unclassifiable 

D. B. 

F. 

10 



Recovered 


S. M. 

F. 

34 

— 

_ 

Recovered 


N. G. 

M. 

36 

— 

— 

Recovered 

B. Friedlander 

N. G. 

M. 

50 



Died 

Type C 







of peripheral vessels. Blood cultures were done 
routinely on admission and were negative unless 
otherwise noted. The number of patients with 
each type of pneumococcus infection is sum- 
marized in Table I. The data on the two patients 
who died are shown in Table II-E. 

RESULTS 

Urea clearance. Renal function during the 
febrile period before crisis as revealed by the urea 
clearance test varied inversely as the age of the 
patient. This is demonstrated in Figure 1 and 
Tables II-A to II-E. During the febrile period 
the average urea clearance for eleven patients in 
the age group 10 to 29 years was elevated to 147 
per cent of normal. The average for four pa- 


tients 30 to 3'^ years was 111,8 per cent of nor- 
mal ; of tha' {Mtients dO to -19 years. 97.7 percent 
nnrm.al ; atul of five patient;; 50 to 65 years, 82.6 
per cent of normal. 'I'luis it would appear that 
renal function during the pre-critical period of 
the (li.seasc m.ay he elevated, may he unchanged, 
or m.ay lie slightly impaired, and that the level is 
in general .a function of the age of the patient. 
'I'he clearances done immcfliately after crisis and 
wdiile the patient was still in the ho.spital do not 
show a ra()id return to normal. On the contrar}’, 
the clearance in the younger group remained ele- 
vated for approximately a month after the onset 
of the disease. .‘\t no time during the acute ill- 
ness difl any of the.^e younger jiatients have a urea 
clearance below 1 10 per cent of normal. In fact, 
all of the clearance figures at thi.s time were 130 
per cent or above, except in three instances shown 
in Figure 1. In each of these cases the clearance 
was done before lluid equilihriuin had been estab- 
lished, and it was felt that the lower v'alues so ob- 
tained (110.5, 113 and 113 per cent respectively) 
could be e.xplained in part on this basis. 
thermore, during the first 20 days of the disease 
a majority of the urea clearance figures weree 
vated to 130 per cent or above except in 3 ad i- 
lional instances (Cases E. M., C. E., and 
11th, 14th, and 15th days of disease). 
cciuilibrium had been established in these patients, 
however, and the reason for the lack of h}'pa'' 
function was not apparent. . _ 

In the age group 30 to 40 years, there 
moderate hyperfunction during the first ten 
of the disease, and again in no instance was hyp 
function noted. The number of patients in t 
group, however, is too small to w^arrant any 
elusions. ^ 

In the age group 40 to 50 years, there 
definite absence of any increase of the urea 
ance during the acute and convalescent perio 
the illness. The clearance returned to an 
value for this group in about three months. 


interesting to note that in this group 


of patient® 


there is an apparent hyperfunction late 
lescence, occurring during the third mont i 
onset, and that it is only after ninety days 


onset that normal clearances are again 


observe 


It was in this group that the lowest 


noted (first clearance 10.3 per cent on 
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H. Y.). The reason for this low value was not 
apparent. 

In the oldest group there is no definite shift in 
the clearance below normal minimum, but the 
values during the acute illness are in general some- 
what below normal average. No secondary vari- 
ations in clearance values were noted in this group. 

Blood urea nitrogen. The blood urea nitrogen 
in all of the patients at the time of admission was 


that the patient was dehydrated. With restora- 
tion of fluids normal function followed, extra 
renal factors playing a predominant role. 

Proteinuria. Contrary to expectation, the 
amount of protein lost in the urine by these pa- 
tients during the febrile period was negligible. 
The majority of patients excreted less than 0.1 
gram of protein per day throughout their entire 
hospital stay. In only one instance (E. C.) did 



within normal limits except for two patients 
(H. Y. and S. M.). The clearances, however, on 
admission, differed widely. In both exceptions 
noted above the blood urea nitrogen had dropped 
to normal five days later. In the patient H. Y. 
(Table II-C) there is a discrepancy between the 
clearance and the expected and observed blood 
urea nitrogen. Why this blood urea nitrogen 
should be lower than expected with a function of 
10 per cent is not clear, unless it mirrors the fact 


the protein excretion become significant, and in 
this patient the excretion never exceeded 3.0 
grams per day and lasted for only four days. 
The early administration of adequate amounts of 
fluid to these patients seemed to depress protein 
excretion. 

Sediment counts. In no single instance was the 
number of red blood cells excreted in 12 hours 
greater than the normal values defined by /Xddis. 
The difficulties of doing red blood cell counts on 
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TABLE II 

Summary of laboratory examinations on patients while under observation 


Patient 

Age 

Urea clearance 

Sediment and protein In 12-hrs. urine (no fluid restriction) 

Day 

of 

dis- 

ease 

Day 

before 

or 

after 

crisis 

Blood 

urea 

nitrogen 

Urea 

clear- 

ance, 

average 

normal 

Day 

of 

dis- 

ease 

Vol- 

ume 

in 

12 

hours 

Sediment 

Proteinuria 

pH 

R. B. C. : 

Casts 

Total 
number 
in 12 
j hours 

Total i 
number 
in 12 
hours 

Hya- 

iine 

Gran- 

ular 


years 

■ 

■ 

VI £m, 
per cent 

{>er cent 


cc. 


i 


per 

cent 

per 

cent 

grams 1 grams per 
per liter | IS hours 


A. PATIENTS JO TO 29 YEARS 


E. C. 9 

10 

4 

8 

21 

34 

-3 
+ 1 
-}-14 
-}-27 

8.17 

12.72 

8.59 

6.54 

162.1 

165.0 

122,7 

109.5 

4 

5 

6 
7 

858 

305 

493 

514 

1 

No 

counts 

done 

No 

counts 

done 

+ 

+ 

+ 

+ 

■B 

0,5 

! 0.8 

0.9 

D. B. 9 

10 

3 

5 

35 

172 

-2 

0 

-}-30 

-fl67 

8.82 

10.70 

7.15 

6.57 

110.5 

135.2 

113.6 

125.2 

5 

10 

850 

390 

6.0 

6.0 

0 

0 

0 

0 

1 

I 

0.10 

<0.07 

0.08 

C. E. cf 

15 

3 

7 

14 

27 

34 

91 

0 

+4 

-f-11 

-f24 

+31 

”1-88 

■ 

142.2 
164.1 
119.8 

114.3 
117.6 

4 

8 

14 

324 

500 

330 

8.0 

5.0 

4+ 




1 

I 

■ 

A. B. cf 

17 

1 

1 

2 

20 
122 
159 i 
201 

0 

+18 
+ 120 
+157 
+199 

12.26 

10.80 

11.29 

10.20 

11.65 

154.5 
132.0 
160.9 

158.5 
159.3 

4 

21 

412 

575 

6.0 

5.0 

65,000 

0 

1 

100 
100 1 


1.15 

<0.07 

0.48 

P. T. o’ 

17 

4 

9 

33 

65 

100 

-1 
+4 1 
+28 1 
+60 i 
+95 

17.23 

13.59 

9.25 

10.80 

13.65 

130.6 

147.7 

140.4 

107.5 
112.4 

5 

11 

1,000 

895 

4+ 

4+ 

0 

0 

HQHIH 

HWHHi 

100 

■ 


■ 

M. A. 9 

18 

3 

7 

41 

69 

113 

0 

+4 

+38 

+66 

1 +110 

7.12 

7.07 

7.87 

8.47 

11.67 

; 167.4 

S 160.9 
117.2 
116.8 
131.0 

3 

8 

540 

1,090 

6.0 

7.0 

0 

0 

16,000 

0 

10 

90 

<0.07 

<0.07 


M. B. & 

20 

I 

6 

8 

14 

40 

69 

116 

-1 

+1 

+7 

+33 

+62 

+109 

19.39 

15.78 

12,24 

8.02 

9.49 

17.57 

143.7 

168.3 

135.5 

123.4 

160.6 

124.4 

3 

10 

14 

415 

165 

660 

4+ 

6,0 

4+ 

120,000 

0 

0 


100 


<0.07 

<0.07 

<0.07 


P. M. 6' 

i 

21 

3 

8 

49 

71 

0 

+5 

+46 

-{-68 

17.76 

12.22 

12,34 

12.95 

178.5 

149.0 

127.3 

127.2 

4 

9 

740 

420 

7.0 

7.0 

8,000 

40,000 


1 


0.36 

<0.07 

0.28 

0. K. 9 

- 22 

i 

3 

6 

12 

63 

112 

-4 

-1 

+5 

+56 

+105 

5.21 

5.44 

7.72 

5.46 

5.16 

181.3 

166.1 

161.2 

98.0 

123.9 

4 

13 

2,550 

945 

6.0 
6.0 ' 

0 

550,000 

0 

200,000 

100 


<0.07 

<0.07 
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effects of age and increased lability of the renal 
function. 

DISCUSSION 

The outstanding revelation of these observa- 
tions seems to be a decrease of renal resiliency 
with increasing age. The failure of older patients 
to develop a high urea clearance seems to be a 
part of their general loss of physiological elas- 
ticity. It must be emphasized here that normal 
children do not show urea clearances which, per 
square meter of body surface, exceed those of 
adults. It has been our experience, and also that 
of Cullen, Nelson and Holmes (14), that the vari- 
ation in normal children from the mean, desig- 
nated as “ 100 per cent normal,” follows the same 
pattern as in adults. However, a marked re- 
sponse to alteration of some physiological factors 
governing the urea clearance indicating a high de- 
gree of resiliency of renal function has been ob- 
served in young children with nephrosis (Farr 

( 15 ) ). 

The effect of age on renal behavior in pneu- 
monia may explain, in part, the differing conclu- 
sions of previous investigators on the effect of 
pneumonia on renal function. 

Our observations indicate no significant renal 
damage caused by the hyperpyrexia or the tox- 
emia of the disease. It seems likely that the 
albuminuria observed in this disease is more 
closely allied to the benign albuminuria noted 
after severe exercise or cold showers than to 
the serious albuminuria seen in Bright’s disease. 

The fact that the urea clearance did not return 
to normal promptly with the temperature makes 
it seem unlikely that the clearance elevation noted 
is related to increase in metabolism associated 
with fever. 

Prompt response to serum therapy did not ap- 
pear to hasten the return of the inflated clearance 
to normal. 

That hyperpyrexia of itself does not increase 
the urea clearance was shown by Farr and Moen 

(16) who observed a decrease in the clearance 
initially when artificial pyrexia was induced. 
Some factor other than fever must cause the in- 
crease in urea clearance in pneumonia. 

These studies shed no light on the mechanism 
by which Bright’s disease may follow pneumonia, 
as none occurred in this group. 


It seems possible that signs of renal irritation, 
such as red cell excretion and albuminuria, may 
be kept to a minimum by adequate ,administrafi6n 
of fluid. 

Administration of salt to some of these patients 
had no appreciable effect upon the apparent renal 
function, 

CONCLUSIONS 

1. Renal physiological studies have been made 
upon 28 patients with lobar pneumonia. 

2. The urea clearance during the disease sho^vs 
a sharp difference between the older arid younger 
patients. The patients under 40 years of age 
show a marked elevation of the urea clearance, 
persisting about one month, and independent of 
the type of pneumonia or therapy used. The 
older age group show little change in the urea 
clearance. 

3. Observation of the urine sediment in all 
groups showed a strong tendency for all abnormal 
elements to disappear with adequate fluid balance. 

4. No significant changes in blood, pressure 
were associated with the clearance changes. 
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One of the most important functions of the 
blood is to furnish oxygen to the tissues in 
amounts sufficient for their requirements. The 
human organism has available several compensa- 
tory adjustments to counteract alterations which 
interfere with the normal supply of oxygen. Of 
these compensatory mechanisms three of the most 
important are : ( 1 ) variation in the oxygen carry- 
ing capacity of the blood, that is to say in the 
quantity of hemoglobin; (2) variation in the 
quantity of oxygen removed from the blood as it 
passes through the capillaries; and (3) alteration 
in the minute-volume output of the heart. It was 
with the object of studying certain responses of 
the heart to a slowly developing decrease in the 
oxygen capacity of the blood, such as is found in 
patients suffering from pernicious anemia, that 
these observations were made. We have made, 
therefore, measurements of the cardiac output, 
the cardiac size, the venous pressure, the circula- 
tion time, the oxygen consumption, the vital capa- 
city, the heart rate, and the blood pressure in 
five patients suffering from pernicious anemia. 
These measurements were made first during the 
anemic state and later during a remission induced 
by liver extract, when the count of the red blood 
cells and the hemoglobin values had reached more 
nearly normal levels. Although there are studies 
in the literature dealing with certain phases of the 
circulation, there are none in which the several 
functions mentioned above were observed simul- 
taneously. 

METHODS 

All observations were made in the morning while the 
patients were in a basal metabolic state. Measurements 
of the cardiac output were made by the acetylene method, 

^ An abstract of these studies was read before the As- 
sociation of American Physicians, Atlantic City, ISfay 5, 
1936. 

- This Paper is also Number 1 of the Series on Studies 
of the Circulation published from the New York Hos- 
pital and the Department of Medicine, Cornell University 
Medical College. 


three samples of gas being taken as first recommended 
by Grollman (1), and by GroIIman, Friedman, Clark 
and Harrison (2). During this measurement the pa- 
tients were sitting in a steamer chair (angle 135 degrees) 
with the legs extended. They were trained beforehand 
to carry out the procedures. While the patient was at 
rest, the radial pulse was counted at intervals of five 
minutes. At the end of one-half hour the acetylene-air- 
oxygen mixture was rebreathed. Three samples of gas 
were taken during each rebreathing period for estimation 
of the arteriovenous oxygen difference. Three periods 
of rebreathing were carried out on each patient. Shortly 
afterward, the oxygen consumption was measured with 
a Benedict-Roth spirometer. After a short pause, the 
vital capacity was measured, and height and weight re- 
corded. Then the patient rested again, now lying down. 
In succession, sufficient time being allowed between each 
procedure for the patient to return to a basal metabolic 
state, an electrocardiogram was taken, the arm to tongue 
circulation time recorded, the venous pressure estimated, 
and the blood pressure measured; finally an x-ray photo- 
graph of the heart was made at a distance of two meters. 

The arm to tongue circulation time was estimated by 
the use of decholin : 5 cc. of a 20 per cent solution were 
injected rapidly (1 to 2 seconds) through an 18 gauge 
needle into an antecubltal vein while the patient was 
lying quietly in the supine position. This was repeated 
in one and one-half minutes after the response to the 
first test had been elicited. The time was recorded from 
the beginning of the injection until the patient perceived 
the bitter taste. The injection time was also recorded, 
but since the response may come with a minimal amount 
of the drug, the time which we have used was taken 
from the start, rather than from the conclusion of the 
injection. 

The venous pressure was measured by the direct method 
(3), using a large antecubital vein, the arm being placed 
on a level with the right auricle. The apparatus con- 
sisted of an L-tube of glass attached to a three-way 
stopcock, a syringe, and an 18 gauge needle. The ap- 
paratus was filled with a solution of sterile normal 
saline, a venepuncture performed, and the direct pressure 
readings recorded. Normal pressures with this apparatus 
range from 4.0 to 9.0 cm. of saline. The antecubital vein 
of one arm was reserved for the injection of decholin 
and of the other arm for the measurement of venou; 
pressure. In subsequent measurements the vein was en- 
tered at the site first punctured. 


X-ray photographs of the heart were taken with the 
patient in the standing position, in full inspiratio.n, at 
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a distance of two meters.^ Measurements of the cardiac 
area were carried out by the tcclinique of Levy (4) 
and estimations of volume were made as recommended 
by Bardeen (5). The volumes recorded in Table I have 
not been multiplied by the constant which is in Bar- 
deen’s formula. This was done in order to make our 
observations comparable to those of Starr, Collins and 
Wood (13). 

OBSERVATIONS 

Case 1, a white woman 39 years of age, was admitted 
to the hospital on February 6, 1935. For 6 months be- 
fore admission she had experienced increasing weakness, 
dyspnea, palpitation, intermittent diarrhea, and a loss 
in weight of 25 kgm. Pallor and swelling of the ankles 
toward evening appeared during the last two months. 
On examination the patient was obese and quite pale. 
The heart was slightly enlarged (Table I). The rhythm 
was normal sinus mechanism. A systolic murmur was 
heard at the ape-x. Neither cyanosis nor dyspnea were 
observed. Rales were not heard at the lung bases. The 
liver and spleen were not palpable. Moderate pitting 
edema was present below tiie knees. Free hydrochloric 
acid was not present in the gastric contents after the 
administration of histamine. The patient was anemic 
and a blood smear showed changes typical of pernicious 
anemia. 

On February 9, 1935, when the count of the red blood 
cells was 1,070,000, the various measurements recorded 
in Table I were made. On a regime of injections of 
liver extract * intramuscularly, 10 cc. daily for one week 
followed by biweekly injections of 10 cc. of this extract, 
together with reduced iron 1.5 grams by mouth, daily, 
the anemia became less severe, and on March 14, 1935, 
a second series of measurements was recorded (Table I). 

Case 2, a white woman 54 years of age, was admitted 
to the hospital on March 2, 1935. She had first observed 
dyspnea and palpitation on exertion 11 years before ad- 
mission. For two years she had experienced severe epis- 
taxis and was then told for the first time that the blood 
pressure was elevated. Following a recurrence of epis- 
taxis in December 1934, she suffered from increased 
fatiguability and increasing dyspnea and palpitation on 
exertion, although she was still able to climb four flights 
of stairs. Two, weeks before admission she became 
aware of a yellowish pallor of the skin. On examination 
the patient was obese. There was a pale icteric tint of 
the skin. The tongue margin was smooth. A firm nod- 
ule was felt in the isthmus of the thyroid, but tremor of 
the hands was not present. The heart was slightly en- 
, larged (Table I). Regular sinus rhythm was present 
A systolic murmur was heard at the apex. The second 
sound over the aortic area was louder than the second 

3 The authors are deeply indebted to the X-ray Depart- 
ment of the New York Hospital for their cooperation in 
this investigation. 

4 The extract which ^vas given to all patients was 
prepared at the New York Hospital unless otherwise 
specified. 
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pulmonic sound. The blood pressure was labile, varying 
during her stay in the hospital between 130 and 214 mm. 
of Hg .systolic, and 80 to 126 mm. of Hg diastolic. Cya- 
nosis, dyspnea, and edema were not observed. A few 
moist rales were heard at the lung bases at the time of 
admission. These disappeared during tlic first few days 
in bed. The liver and spleen were not palpable. There 
was a trace of albumin in the urine and occasional red 
blood cells were present in the centrifuged sediment The 
urea clearance was 63 per cent of normal. The gastric 
contents did not contain free HCl after the administration 
of histamine. A blood smear showed tlic changes typical 
of pernicious anemia. The following diagnoses were 
made: Pernicious anemia, arterial hypertension; normal 
sinus rhythm; obesity due to excess food; and non-toxic 
nodular goiter. 

On March 8 when the count of the red blood cells was 
1,190,000 the first series of measurements was made (Ta- 
ble I). The patient then received injections of liver 
extract intramuscularly, 10 cc., daily for one week fol- 
lowed by injections of 10 cc. of the extract every third 
day, together with 12 cc. of a 50 per cent solution of iron 
and ammonium citrate given by mouth daily. On this 
regime the count of the red blood cells rose to 3,200,000 
on March 27, 1935, and the second series of measurements 
was recorded (Table I). 

Case 3, a white male 66 years of age, was first admitted 
to the hospital on August 23, 1929, complaining of ano- 
rexia and weakness of ten weeks’ duration. On examina- 
tion, marked pallor was present. The count of the red 
blood cells was 1,110,000 and the estimation of the hemo- 
globin was 22 per cent (14.5 grams hemoglobin equivalent 
to 100 per cent). The blood smear showed changes typi- 
cal of pernicious anemia. On a diet containing liver the 
patient improved and was discharged on September 12, 
the count of the red blood cells then being 2,180,000 and 
the estimation of the hemoglobin 41 per cent. Three 
months following discharge he stopped taking liver and 
felt well until three weeks prior to his second admission 
when he experienced weakness, diarrhea, tingling of the 
fingers and toes. He was readmitted to the hospital on 
February 15, 1935. The patient was a thin, pale, elderly 
male, who showed no dyspnea, cyanosis nor edema. The 
heart was not enlarged (Table I). Regular sinus rhythm 
was present. No murmurs were heard. Rales were not 
heard at the lung bases; the liver and spleen were not 
palpable. Neurological changes were not present. The 
gastric contents did not contain free hydrochloric acid 
after the administration of histamine, and a blood smear 
showed the changes typical of pernicious anemia. 

On February 19 the count of the red blood cells was 
1,410,000, and the first series of measurements was made 
(Table I). On a regime of injections of liver extract 
intramuscularly, 10 cc. daily for one week followed by bi- 
weekly injections of 10 cc. of this extract, together with 
1.5 grams of reduced iron by mouth daily, the count of the 
red blood cells rose to 3,500,000 on March 9, 1935, and the 
second series of measurements was recorded (Table I) 



TABLE 1 

Data on five patients suffering from pernicious anemia 
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a distance of two meters.^ Measurements of the cardiac 
area were carried out by the tcclinique of Levy (4) 
and estimations of volume were made as recommended 
by Bardeen (5). The volumes recorded in Table I have 
not been multiplied by the constant which is in Bar- 
deen’s formula. This was done in order to make our 
observations comparable to those of Starr, Collins and 
Wood (13). 

OBSERVATIONS 

Case 1, a white woman 39 years of age, was admitted 
to the hospital on Februarj'^ 6, 1935. For 6 months be- 
fore admission she had experienced increasing weakness, 
dyspnea, palpitation, intermittent diarrhea, and a loss 
in weight of 25 kgm. Pallor and swelling of the ankles 
toward evening appeared during the last two months. 
On examination the patient was obese and quite pale. 
The heart was slightly enlarged (Table I). The rhythm 
was normal sinus mechanism. A systolic murmur was 
heard at the apex. Neither cyanosis nor dyspnea were 
observed. Rales were not heard at the lung bases. The 
liver and spleen were not palpable. Moderate pitting 
edema was present below the knees. Free hydrochloric 
acid was not present in the gastric contents after the 
administration of histamine. The patient was anemic 
and a blood smear showed changes typical of pernicious 
anemia. 

On February 9, 1935, when the count of the red blood 
cells was 1,070,000, the various measurements recorded 
in Table I were made. On a regime of injections of 
liver extract ^ intramuscularly, 10 cc. daily for one week 
followed by biweekly injections of 10 cc. of this extract, 
together with reduced iron 1.5 grams by mouth, daily, 
the anemia became less severe, and on March 14, 1935, 
a second series of measurements was recorded (Table I). 

Case 2, a white woman 54 years of age, was admitted 
to the hospital on March 2, 1935. She had first observed 
dyspnea and palpitation on exertion 11 years before ad- 
mission. For two years she had experienced severe epis- 
taxis and was then told for the first time that the blood 
pressure was elevated. Following a recurrence of epis- 
taxis in December 1934, she suffered from increased 
fatiguability and increasing dyspnea and palpitation on 
exertion, although she was still able to climb four flights 
of stairs. Two weeks before admission she became 
aware of a yellowish pallor of the skin. On examination 
the patient was obese. There was a pale icteric tint of 
the skin. The tongue margin was smooth. A firm nod- 
ule was felt in the isthmus of the thyroid, but tremor of 
the hands was not present. The heart was slightly en- 
. larged (Table I). Regular sinus rhythm was present 
A systolic murmur was heard at the apex. The second 
sound over the aortic area was louder than the second 

3 The authors are deeply indebted to the X-ray Depart- 
ment of the New York Hospital for their cooperation in 
this investigation. 

^ The extract which was given to all patients was 
prepared at the New York Hospital unless otherwise 
snecified. 


pulmonic sound. The blood prcs.sure was labile, varying 
during her stay in the hospital between 130 and 214 mm. 
of Hg systolic, and 80 to 126 mm. of Hg diastolic. Cya- 
nosis, dyspnea, and edema were not observed. A few 
moist rales were heard at the lung bases at the time of 
admission. These disappeared during tlic first few days 
in bed. The liver and spleen were not palpable. There 
was a trace of albumin in the urine and occasional red 
blood cells were present in the centrifuged sediment. The 
urea clearance was 63 per cent of normal. The gastric 
contents did not contain free HCl after the administration 
of histamine. A blood smear showed tlie changes typical 
of pernicious anemia. The following diagnoses were 
made: Pernicious anemia, arterial hypertension; normal 
sinus rhythm; obesity due to excess food; and non-toxic 
nodular goiter. 

On March 8 when the count of the red blood cells was 
1,190,000 the first series of measurements was made (Ta- 
ble I). The patient then received injections of liver 
extract intramuscularly, 10 cc., daily for one week fol- 
lowed by injections of 10 cc. of the extract every third 
day, together with 12 cc. of a 50 per cent solution of iron 
and ammonium citrate given by mouth daily. On this 
regime the count of the red blood cells rose to 3,200,000 
on March 27, 1935, and the second series of measurements 
was recorded (Table I), 

Case 3, a white male 66 years of age, was first admitted 
to the hospital on August 23, 1929, complaining of ano- 
rexia and weakness of ten weeks’ duration. On examina- 
tion, marked pallor was present. The count of the red 
blood cells was 1,110,000 and the estimation of the hemo- 
globin was 22 per cent ( 14.5 grams hemoglobin equivalent 
to 100 per cent). The blood smear showed changes typi- 
cal of pernicious anemia. On a diet containing liver the 
patient improved and was discharged on September 12, 
the count of the red blood cells then being 2,180,000 and 
the estimation of the hemoglobin 41 per cent. Three 
months following discharge he stopped taking liver and 
felt well until three weeks prior to his second admission 
when he experienced weakness, diarrhea, tingling of the 
fingers and toes. He was readmitted to the hospital on 
February IS, 1935. The patient was a thin, pale, elderly 
male, who showed no dyspnea, cyanosis nor edema. The 
heart was not enlarged (Table I). Regular sinus rhythm 
was present. No murmurs were heard. Rales were not 
heard at the lung bases; the liver and spleen were not 
palpable. Neurological changes were not present. The 
gastric contents did not contain free hydrochloric acid 
after the administration of histamine, and a blood smear 
showed the changes typical of pernicious anemia. 

On February 19 the count of the red blood cells was 
1,410,000, and the first series of measurements was made 
(Table I). On a regime of injections of liver extract 
intramuscularly, 10 cc. daily for one week followed by bi- 
weekly injections of 10 cc. of this extract, together with 
1.5 grams of reduced iron by mouth daily, the count of the 
red blood cells rose to 3,500,000 on March 9, 1935, and the 
second series of measurements was recorded (Table I) 
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a distance of two meters.^ Measurements of the cardiac 
area were carried out by the technique of Levy (4) 
and estimations of volume were made as recommended 
by Bardeen (5). The volumes recorded in Table I have 
not been multiplied by the constant which is in Bar- 
deen’s formula. This was done in order to make our 
observations comparable to those of Starr, Collins and 
Wood (13). 

OBSERVATIONS 

Case 1, a white woman 39 years of age, was admitted 
to the hospital on February 6, 1935. For 6 months be- 
fore admission she had experienced increasing weakness, 
dyspnea, palpitation, intermittent diarrhea, and a loss 
in weight of 25 kgm. Pallor and swelling of the ankles 
toward evening appeared during the last two months. 
On examination the patient was obese and quite pale. 
The heart was slightly enlarged (Table I). The rhythm 
was normal sinus mechanism. A systolic murmur was 
heard at tlie apex. Neither cyanosis nor dyspnea were 
observed. Rales were not heard at the lung bases. The 
liver and spleen were not palpable. Moderate pitting 
edema was present below the knees. Free hydrochloric 
acid was not present in the gastric contents after the 
administration of histamine. The patient was anemic 
and a blood smear showed changes typical of pernicious 
anemia. 

On February 9, 1935, when the count of the red blood 
cells was 1,070,000, the various measurements recorded 
in Table I were made. On a regime of injections of 
liver extract ^ intramuscularly, 10 cc. daily for one week 
followed by biweekly injections of 10 cc. of this extract, 
together with reduced iron 1.5 grams by mouth, daily, 
the anemia became less severe, and on March 14, 1935, 
a second series of measurements was recorded (Table I). 

Case 2, a white woman 54 years of age, was admitted 
to the hospital on March 2, 1935. She had first observed 
dyspnea and palpitation on exertion 11 years before ad- 
mission. For two years she had experienced severe epis- 
taxis and was then told for the first time that the blood 
pressure was elevated. Following a recurrence of epis- 
taxis in December 1934, she suffered from increased 
fatiguability and increasing dyspnea and palpitation on 
exertion, although she was still able to climb four flights 
of stairs. Two, weeks before admission she became 
aware of a yellowish pallor of the skin. On examination 
the patient was obese. There was a pale icteric tint of 
the skin. The tongue margin was smooth. A firm nod- 
ule was felt in the isthmus of the thyroid, but tremor of 
the hands was not present. The heart was slightly en- 
larged (Table I). Regular sinus rhythm was present 
A systolic murmur was heard at the apex. The second 
sound over the aortic area was louder than the second 

3 The authors are deeply indebted to the X-ray Depart- 
ment of the New York Hospital for their cooperation in 
this investigation. 

4 The extract which was given to all patients was 
prepared at the New York Hospital unless otherwise 
specified. 


pulmonic sound. The blood pressure was labile, varying 
during her stay in the hospital between 130 and 214 mm. 
of Hg systolic, and 80 to 126 mm. of Hg diastolic. Cya- 
nosis, dyspnea, and edema were not observed. A few 
moist rales were heard at the lung bases at the time of 
admission. These disappeared during the first few days 
in bed. The liver and spleen were not palpable. There 
was a trace of albumin in the urine and occasional red 
blood cells were present in the centrifuged sediment. The 
urea clearance was 63 per cent of normal. The gastric 
contents did not contain free HCl after the administration 
of histamine. A blood smear showed the changes typical 
of pernicious anemia. The following diagnoses were 
made: Pernicious anemia, arterial hypertension; normal 
sinus rhythm ; obesity due to excess food ; and non-toxic 
nodular goiter. 

On March 8 when the count of the red blood cells was 
1,190,000 the first series of measurements w'as made (Ta- 
ble I). The patient then received injections of liver 
extract intramuscularly, 10 cc., daily for one week fol- 
lowed by injections of 10 cc. of the extract every third 
day, together with 12 cc. of a 50 per cent solution of iron 
and ammonium citrate given by mouth daily. On this 
regime the count of the red blood cells rose to 3,200,000 
on March 27, 1935, and the second series of measurements 
W’as recorded (Table I). 

Case 3, a white male 66 years of age, w’as first admitted 
to the hospital on August 23, 1929, complaining of ano- 
rexia and weakness of ten weeks’ duration. On examina- 
tion, marked pallor was present. The count of the red 
blood cells was 1,110,000 and the estimation of the hemo- 
globin was 22 per cent (14.5 grams hemoglobin equivalent 
to 100 per cent). The blood smear showed changes typi- 
cal of pernicious anemia. On a diet containing liver the 
patient improved and was discharged on September 12, 
the count of tlie red blood cells then being 2,180,000 and 
tlie estimation of the hemoglobin 41 per cent. Three 
months following discharge he stopped taking liver and 
felt well until three weeks prior to his second admission 
when he experienced weakness, diarrhea, tingling of the 
fingers and toes. He was readmitted to the hospital on 
February 15, 1935. The patient was a thin, pale, elderly 
male, who showed no dyspnea, cyanosis nor edema. The 
heart w’as not enlarged (Table I). Regular sinus rhythm 
was present. No murmurs were heard. Rales were not 
heard at the lung bases; the liver and spleen were not 
palpable. Neurological changes were not present. The 
gastric contents did not contain free hydrochloric acid 
after the administration of histamine, and a blood smear 
showed the changes typical of pernicious anemia. 

On February 19 the count of the red blood cells was 
1,410,000, and the first series of measurements was made 
(Table I). On a regime of injections of liver extract 
intramuscularly, 10 cc. daily for one week followed by bi- 
weekly injections of 10 cc. of this extract, together with 
1.5 grams of reduced iron by mouth daily, the count of the 
red blood cells rose to 3,500,000 on March 9, 1935, and the 
second series of measurements was recorded (Table I) 
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Hcmoelobin in percent 
Fig. 3. 

In this figure all observations of cardiac output of all 
patients are plotted against corresponding hemoglobin 
measurements. This discloses a correlation which ap- 
pears to be linear, in that as the hemoglobin decreases 
the cardiac output increases. The symbols representing 
each patient are the same as those used in Figure 1. 

cardiac rates are more rapid than when the red 
blood cells and hemoglobin have assumed more 
nearly normal values (Table I) ; the cardiac out- 
put decreases progressively as the hemoglobin 
values (Figure 3) and red blood cell counts rise 
(Figure 4) until normal values of minute- volume 
output are finally reached at hemoglobin concen- 
tration of approximately 70 per cent. 

Calculations of the percentage oxygen utiliza- 
tion (Table II) showed that it was greater during 
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the anemic state than after the amount of hemo- 
globin increased, an observation to which Rich- 
ards and Strauss (10) have already directed at- 
tention as one of the compensatory adjustments 
in anemia. In short, the percentage oxygen uti- 
lization varies inversely as the oxygen capacity 
(Table II) although the arteriovenous oxygen 
difference decreases in anemia. 

TABLE 11 


Da/a relating la percentage of oxygen utilization 
in 5 anemic patients 


Case 

Oj capacity* 

Oxygen utilizationt 

number 

Beforot j 

AftcrJ 

Before! j 

After! 


volumes 

Per eent 

volumes 

Per cent 

Per cent 

Per cent 

1 

5.4 

15.2 

83 

38 

2 

8.4 

13.2 

65 

49 

3 

7.0 

14.4 

61 

41 

4 

9.0 

11.6 

49 

47 

5 

12.4 

15.0 

40 

43 


* 1 per cent hemoglobin (Table I) equivalent to 0.2 
volume per cent oxygen capacity. This was assumed to be 
accurate enough for the deduction to be made from the 
data derived from the calculations. 

t Percentage of oxygen utilization is the ratio between 
arteriovenous oxygen difference (Table I) and oxygen 
capacity. 

{"Before” and “After” refer to the period of anemia 
and period of increased hemoglobin respectively. 

In these patients, as the cardiac output in- 
creased the velocity of blood flow increased, a 
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Red Blood Cells in Milhoni 
Fig. 4. 


CiPC«Ia.tion Time in Seconds 

Fig. 5. 


In this figure all observations of red blood cell counts 
of all patients are plotted against the corresponding 
cardiac output. A correlation similar to that demon- 
strated in Figure 3 appears. The symbols are the same 
as tliose in Figures 1 and 3. 


In this figure all observations of circulation time are 
plotted against cardiac output. This reveals a linear cor- 
relation in that as the cardiac output decreases the cir- 
culation time becomes longer. The symbols are the same 
as in Figure 1. 
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Hemoglobin in Per<«nl 
Fig. 6. 

In this figure all observations of hemoglobin are 
plotted against circulation time. A linear correlation 
appears. As the hemoglobin increases the circulation 
time becomes longer. The symbols are the same as in 
Figure 1. 

linear relationship being maintained. The greater 
the cardiac output, the shorter the circulation time 
(Figure S). Moreover, there appeared a correla- 
tion between circulation time and quantity of 
hemoglobin; at low hemoglobin percentages the 
circulation time was short, only to become longer 
as the hemoglobin values increased (Figure 6). 

These results are similar to those recorded in 
the studies of Blumgart, Gargill and Gilligan ( 14) 
relating to velocity of pulmonary blood flow in 
patients suffering from pernicious anemia. The 
increase in velocity is, however, of somewhat 
greater magnitude than that reported by Tarr, 
Oppenheimer, and Sager (15) who, also using 
decholin, found an average arm to tongue cir- 
culation time of 12 seconds in their anemic pa- 
tients, as opposed to 13 seconds in their normal 
control series. Since the hemoglobin levels at 
which their observations were made are not given 
it is not possible to make an accurate comparison 
of their observation with ours. 

The venous pressure showed no significant al- 
terations except in the case of one patient (Case 
2, Table I) who showed a slightly elevated pres- 
sure at the low hemoglobin levels which ap- 
proached a more normal v'alue as the hemoglobin 
concentration in the blood increased. 

In all patients there ■v\tis a rise in both the 


systolic and diastolic levels of blood pressure as 
the hemoglobin increased; in three instances the 
increase in blood pressure was very striking. In 
short, although the heart put out an increased 
quantity of blood per minute and per beat in the 
presence of anemia the blood pressure was lower. 
The manner in which these factors contribute to 
the work of the heart is discussed later. 

The vital capacity of the lungs was moderately 
reduced in four of the patients during the anemic 
state although no signs of congestive heart failure 
were present. We are unable to explain this sat- 
isfactorily but call attention to the suggestion of- 
fered by Blumgart, Gargill and Gilligan (14) that 
it may be related to the presence of an increased 
amount of blood in the lungs coincident with an 
increased rate of flow. 

The electrocardiograms showed no significant 
alterations as the hemoglobin concentration in the 
blood increased. 

Du Bois (16) has summarized data in the lit- 
erature relating to the basal metabolic rate in 
anemia. Certain subjects with anemia show in- 
creased and others decreased basal metabolic rates. 
We have observed increased metabolic rates in 
each instance at low hemoglobin levels (Table I) ; 
as the hemoglobin content of the blood increased 
the oxygen consumption decreased and ap- 



Hcmoglobm in Percent 
Fig. 7. 


In this figure all obsen-ations of hemoglobin arc 
plotted against oxj-gen consumption. A linear relation- 
ship is revealed, in that as the hemoglobin increases the 
oxygen consumption decreases. The sj-mbols are the 
same as in Figure 1. 
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preached more nearly normal values (Figure 7). 
This result is similar to that growing out of the 
observations of Tompkins, Brittingham and 
Drinker (17) who approached this question in 
another manner. They found that the metabolic 
rates of patients suffering from pernicious anemia 
decreased following the transfusion of blood. It 
appears clear, therefore, both from our own ob- 
servations and from those already recorded by 
others, that the oxygen consumption, in short, 
the basal metabolic rate, may be increased ap- 
preciably in the presence of pernicious anemia. 
A satisfactory explanation for this phenomenon 
has not yet been advanced. Our data do not per- 
mit us to make any positive contribution to this 
puzzling observation. They indicate, however, as 
will be shown later, that increased oxygen con- 
sumption is not a consequence of increased work 
of the heart, a notion which has been current up 
to the present. 

That enlai'gement of the heart in anemic pa- 
tients occurs as a consequence of both dilatation 
and hypertrophy is an idea that has been held for 
many years (18, 19, 7). Most of the conclusions 
have been based upon clinical and postmortem 
observations in cases of pernicious anemia. One 
patient reported by Ball (20) is of especial in- 
terest since roentgenological enlargement of the 
heart was observed during severe secondary 
anemia, and was followed by decrease in size 
when the blood count returned to normal. From 
these observations he concluded that enlargement 
was due to dilatation rather than hypertrophy. 
In the case of three patients in the series now 
being reported, the heart was moderately enlarged 
or at the upper limits of normal, only two being 
well within normal limits. That observations 
made after improvement failed to show significant 
change in size of the heart may be due in part 
to the relatively short time covered by observa- 
tions of each patient. 

The cause of cardiac enlargement found in the 
presence of anemia has been subject to contro- 
versy. One notion (11) regards it as a conse- 
quence of increased activity of the heart ; another 
(7) attributes it to lack of oxygen in the myo- 
cardium. Because of these notions it appeared 
of interest to ascertain the amount of work done 
by the heart in patients suffering from pernicious 


anemia. Work may be calculated by making use 
of the fonnula (21) 

W=QR + 'i^ 

in which W equals work done per minute, or 
per beat; Q equals volume of blood expelled per 
minute, or per beat; R equals mean arterial blood 
pressure in mm. of Hg X 13,6; F equals velocity 
of blood at aorta; za equals weight of blood; g 
equals acceleration due to gravity. The last part 

of the formula, has been omitted in order 

to make our results comparable to those of Starr 
et al. (13). By substituting values in this for- 
mula, we have calculated the work of the left 
ventricle both per beat and per minute. Since 
there is evidence (22) that the work of the right 
ventricle bears a constant relationship to that of 
the left, we have concerned ourselves only with 
the latter. The work per beat done by the left 
ventricle was found less during the period of in- 
creased cardiac output at low hemoglobin levels, 
than later when the output was lowered and the 
amount of hemoglobin more nearly normal (Ta- 
ble I). 

Taking into account the increased heart rates 
found in the anemic state, as is done in computing 
the work per minute, does not reveal increased 
work in the presence of anemia. This is due for 
the most part to the considerable increase in the 
mean arterial pressure which is found at the 
higher levels of hemoglobin. Since, therefore, 
the work of the heart appears to be within normal 
limits there seems to be no point in retaining the 
notion which is current, that enlargement of the 
heart in anemia is a consequence of increased 
cardiac work; on the other hand, by exclusion it 
lends credence to the view that myocardial anox- 
emia may be the stimulus which initiates enlarge- 
ment. Likewise, since we have failed to find the 
work of the heart increased in these patients, this 
mechanism does not account for the increased 
basal metabolic rate. 

Stewart and Cohn (23) expressed the opinion 
that the explanation of the increase in cardiac 
output with decrease in cardiac size as a conse- 
quence of giving digitalis to patients suffering 
from congestive heart failure, was to be found in 
Starling’s “Law of the Heart” (24). Further- 
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more, Starr and his associates (12, 13) have pre- 
sented since then, data indicating that this " Law ” 
applies to basal cardiac work in human beings, 
as well as to the heart-lung preparation. For it 



Hea.pt volume in. cubic ems = a-rca ^ 

Fig. 8. Left Ventsicular Work Per Beat and 
Cardiac Volume, 

The data from Table I relating to work of the left 
ventricle per beat are plotted against the corresponding 
cardiac volumes. Line AB represents the best line, the 
regression of the work on the area, defined by Starr, 
Collins and Wood (13, Figure 2) on the basis of a 
statistical treatment of data from a control group of 
cases. Lines CD and EF are placed by these authors at 
a distance of twice the standard deviation from AB. It 
appears from their observatoins that a patient falling 
within zone CD-BF has a normal circulatory function, 
that is to say, the work of the heart is commensurate 
with its size; on the other hand they found that the 
values relating to patients who had suffered from cardiac 
decompensation, fell in a zone below CD. The values 
of the patients suffering from pernicious anemia now 
being reported fall well within the zone CD-EF and, as 
a matter of fact, lie quite near the best line AB. The 
arrows in each instance point from the first observation 
during anemia toward the second observation after the 
hemoglobin had increased. In 4 instances, progression 
was made toward or even above the best line, and in 
the fifth remained unchanged. 


appears to be a fact that the work of the left 
ventricle which is maintaining an adequate cir- 
culation, bears a linear relation to the size of the 
heart. From a statistical analysis of their data 
they have defined a zone of normal drculatoiy 
function. In a similar fashion we have plotted 
cardiac volume as abscissae and grammeters of 
work of the left ventricle per beat as ordinates 
(Figure 8). All our observations fall within the 
zone of normal circulatory function, between lines 
CD and EF, very near the best line, AB; in each 
instance, the work of the heart was commensurate 
with its size. As the degree of anemia lessened, 
the values for four of the patients moved upward 
slightly, either toward or above the " best ” line 
(AB), indicating improved cardiac function 
where the cardiac work is more commensurate 
with the cardiac size. Thus, in spite of low 
hemoglobin and red blood cell values during the 
anemic state, and presumably a decreased total 
blood volume (23) as well, these patients all ex- 
hibit normal cardiac function at rest. This is 
made possible, apparently, by a distribution of 
the burden that is placed on the circulatory ap- 
paratus as a result of the diminished oxygen ca- 
pacity of the blood and of the increased metabolic 
demands of the tissues. A part of this deficit is 
absorbed by compensatory increase in minute- 
volume output and in velocity of blood flow, and 
a part, as has been demonstrated already by 
Richards and Strauss (10) and now again shown 
by our data, by increased percentage utilization 
of oxygen by the tissues. Thus, the adjustments 
resorted to by the anemic individual call for con- 
siderable encroachment on the reserves of the 
body. In the clinic evidence of this encroachment 
is revealed in dyspnea and other signs of circula- 
tory failure exhibited by anemic patients when 
they try to indulge in muscular exertion, 

SUMMARY 

1. Measurements of cardiac output, by the 
acetylene method, of cardiac size, and related cir- 
culatory functions, have been made in five cases 
of pernicious anemia both during the period of 
anemia, and later during a remission induced by 
the use of liver extract therapy, when the blood 
picture was more nearly normal. 

2. At low hemoglobin levels in the blood, the 
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proaclied more nearly normal values (Figure 7). 
This result is similar to that growing out of the 
observations of Tompkins, Brittingham and 
Drinker (17) who approached this question in 
another manner. They found that the metabolic 
rates of patients suffering from pernicious anemia 
decreased following the transfusion of blood. It 
appears clear, therefore, both from our own ob- 
servations and from those already recorded by 
others, that the oxygen consumption, in short, 
the basal metabolic rate, may be increased ap- 
preciably in the presence of pernicious anemia. 
A satisfactory explanation for this phenomenon 
has not yet been advanced. Our data do not per- 
mit us to make any positive contribution to this 
puzzling observation. They indicate, however, as 
will be shown later, that increased oxygen con- 
sumption is not a consequence of increased work 
of the heart, a notion which has been current up 
to the present. 

That enlargement of the heart in anemic pa- 
tients occurs as a consequence of both dilatation 
and hypertrophy is an idea that has been held for 
many years (18, 19, 7). Most of the conclusions 
have been based upon clinical and postmortem 
observations in cases of pernicious anemia. One 
patient reported by Ball (20) is of especial in- 
terest since roentgenological enlargement of the 
heart was observed during severe secondary 
anemia, and was followed by decrease in size 
when the blood count returned to normal. From 
these observations he concluded that enlargement 
was due to dilatation rather than hypertrophy. 
In the case of three patients in the series now 
being reported, the heart was moderately enlarged 
or at the upper limits of normal, only two being 
well within normal limits. That observations 
made after improvement failed to show significant 
change in size of the heart may be due in part 
to the relatively short time covered by observa- 
tions of each patient. 

The cause of cardiac enlargement found in the 
presence of anemia has been subject to contro- 
versy. One notion (11) regards it as a conse- 
quence of increased activity of the heart ; another 
(7) attributes it to lack of oxygen in the myo- 
cardium. Because of these notions it appeared 
of interest to ascertain the amount of work done 
by the heart in patients suffering from pernicious 


anemia. Work may be calculated by making use 
of the fonnula (21) 




zvV^ 

'W 


in which W equals work done per minute, or 
per beat; Q equals volume of blood expelled per 
minute, or per beat ; R equals mean arterial blood 
pressure in mm. of Hg X 13,6; V equals velocity 
of blood at aorta; w equals weight of blood; g 
equals acceleration due to gravity. The last part 
(zuV~) 

of the formula, — ;r has been omitted in order 

2g 

to make our results comparable to those of Starr 
et al. (13). By substituting values in this for- 
mula, we have calculated the work of the left 
ventricle both per beat and per minute. Since 
there is evidence (22) that the work of the right 
ventricle bears a constant relationship to that of 
the left, we have concerned ourselves only with 
the latter. The work per beat done by the left 
ventricle was found less during the period of in- 
creased cardiac output at low hemoglobin levels, 
than later when the output was lowered and the 
amount of hemoglobin more nearly normal (Ta- 
ble I). 

Taking into account the increased heart rates 
found in the anemic state, as is done in computing 
the work per minute, does not reveal increased 
work in the presence of anemia. This is due for 
the most part to the considerable increase in the 
mean arterial pressure which is found at the 
higher levels of hemoglobin. Since, therefore, 
the work of the heart appears to be within normal 
limits there seems to be no point in retaining the 
notion which is current, that enlargement of the 
heart in anemia is a consequence of increased 
cardiac work; on the other hand, by exclusion it 
lends credence to the view that myocardial anox- 
emia may be the stimulus which initiates enlarge- 
ment. Likewise, since we have failed to find the 
work of the heart increased in these patients, this 
mechanism does not account for the increased 
basal metabolic rate. 

Stewart and Cohn (23) expressed the opinion 
that the explanation of the increase in cardiac 
output with decrease in cardiac size as a conse- 
quence of giving digitalis to patients suffering 
from congestive heart failure, was to be found in 
Starling’s “Law of the Heart” (24). Further- 
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more, Starr and his associates (12, 13) have pre- 
sented since then, data indicating that this “ Law ” 
applies to basal cardiac work in human beings, 
as well as to the heart-lung preparation. For it 



H«s.pt volume in cubic cms = a.rc». 

Fig. 8. Left Ventricular Work Per Beat and 
Cardiac Volume. 

The data from Table I relating to work of the left 
ventricle per beat are plotted against the corresponding 
cardiac volumes. Line AB represents the best line, the 
regression of the work on the area, defined by Starr, 
Collins and Wood (13, Figure 2) on the basis of a 
statistical treatment of data from a control group of 
cases. Lines CD and EF are placed by these authors at 
a distance of twice the standard deviation from AB. It 
appears from their observatoins that a patient falling 
within zone CD~EF has a normal circulatory function, 
that is to say, the work of the heart is commensurate 
with its size; on the other hand they found that the 
values relating to patients who had suffered from cardiac 
decompensation, fell in a zone below CD. The values 
of the patients suffering from pernicious anemia now 
being reported fall well within the zone CD—EF and, as 
a matter of fact, lie quite near the best line AB. The 
arrows in each instance point from the first observ-ation 
during anemia toward the second observation after the 
hemoglobin had increased. In 4 instances, progression 
was made toward or even above the best line, and in 
the fifth remained unchanged. 


appears to be a fact that the work of the left 
ventricle which is maintaining an adequate cir- 
culation, bears a linear relation to the size of the 
heart. From a statistical analysis of their data 
they have defined a zone of normal circulatory 
function. In a similar fashion we have plotted 
cardiac volume as abscissae and grammeters of 
work of the left ventricle per beat as ordinates 
(Figure 8). All our observations fall within the 
zone of normal circulatory function, between lines 
CD and EF, very near the best line, AB; in each 
instance, the work of the heart was commensurate 
with its size. As the degree of anemia lessened, 
the values for four of the patients moved upward 
slightly, either toward or above the “ best ” line 
(AB), indicating improved cardiac function 
where the cardiac work is more commensurate 
with the cardiac size. Thus, in spite of low 
hemoglobin and red blood cell values during the 
anemic state, and presumably a decreased total 
blood volume (23) as well, these patients all ex- 
hibit normal cardiac function at rest. This is 
made possible, apparently, by a distribution of 
the burden that is placed on the circulatory ap- 
paratus as a result of the diminished oxygen ca- 
pacity of the blood and of the increased metabolic 
demands of the tissues. A part of this deficit is 
absorbed by compensatory increase in minute- 
volume output and in velocity of blood flow, and 
a part, as has been demonstrated already by 
Richards and Strauss (10) and now again shown 
by our data, by increased percentage utilization 
of oxygen by the tissues. Thus, the adjustments 
resorted to by the anemic individual call for con- 
siderable encroachment on the reserves of the 
body. In the clinic evidence of this encroachment 
is revealed in dyspnea and other signs of circula- 
tory failure exhibited by anemic patients when 
they try to indulge in muscular exertion. 

SUMMARY 

1. Measurements of cardiac output, by the 
acetylene method, of cardiac size, and related cir- 
culatory functions, have been made in five cases 
of pernicious anemia both during the period of 
anemia, and later during a remission induced by 
the use of liver extract therapy, when the blood 
picture was more nearly normal. 

2. At low hemoglobin levels in the blood, the 
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stroke-volume and minute-volume output, the 
cardiac rate, and the oxygen consumption were 
in all cases elevated, and the arm to tongue cir- 
culation time decreased. Changes in the reverse 
direction occurred as the state of the blood ap- 
proached normal. 

3. In four instances the vital capacities were 
moderately lowered during anemia. 

4. The venous pressure and electrocardiograms 
showed no significant alterations during the 
anemic state. 

5. There was a rise in both the systolic and 
diastolic levels of blood pressure in all patients as 
the hemoglobin concentration increased. 

6. Although the cardiac size was moderately in- 
creased in three instances, no significant change 
in size was observed as the hemoglobin ap- 
proached a normal level. 

7. Left ventricular work, both per beat and 
per minute, was not increased during anemia; in 
fact, the work per beat was less than when the 
hemoglobin concentration in the blood was nor- 
mal. It is suggested that the enlarged hearts 
found in this type of anemia are due to myo- 
cardial anoxemia, rather than to increased cardiac 
work. The elevated metabolic rates, observed 
in these patients during the anemic state, were 
not due to increased cardiac work. 

8. The amount of cardiac work done at rest, 
in anemia, was commensurate with the cardiac 
size. 

9. From these observations it appears that dur- 
ing the anemia of pernicious anemia, the heart is 
called upon to pump an increased amount of blood 
per minute, the amount appearing to be a linear 
function of the hemoglobin concentration. This 
is accomplished in part by increasing the heart 
rate, and in part, by maintaining a greater output 
per beat than they have at higher hemoglobin 
levels. These alterations are reflected in a short- 
ening of the circulation time; in short, the red 
blood cells, although fewer in number, move at 
an increased velocity and, as a consequence, they 
are used more frequently in their oxygen carrying 
capacity. Shortening of the circulation time and 
increase in cardiac output as well as decrease in 
hemoglobin and increase in oxygen consumption 
also appear to have linear relationships so that 
an organ already working at an accelerated rate is 


put to the disadvantage of having to maintain a 
circulation sufficient for the requirements of an 
increased basal metabolic rate. With increase in 
the level of hemoglobin, changes in the reverse 
direction occur. Nevertheless, the hearts of these 
patients, without congestive heart failure, at rest, 
mechanically perform the work expected of them 
for their size. 
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Since vitamin C has definitely been identified 
with ascorbic acid the clinical importance of this 
substance has increased. However, the interpre- 
tation of blood ascorbic acid values has been un- 
certain, in part, because of the variations in val- 
ues encountered in routine analyses. Tillmans, 
Hirsch and Hirsch ( 1 ) first developed the method 
of determining the presence of reduced ascorbic 
acid in serum. To make it clinically practical, 
this original method has been modified by Farmer 
and Abt (2, 3). Their procedure was to use 
metaphosphoric acid as a deproteinizing agent 
which had been introduced for this purpose by 
Fujita and Iwatake (4) and to determine the 
reduced ascorbic acid in the filtrate with 2:6 
dichlorophenol indophenol (5). 

Pijoan, Townsend and Wilson (6), in attempt- 
ing to repeat the experiments of Farmer and Abt 
(2), noted a considerable loss of ascorbic acid in 
serum which had been allowed to stand at room 
or ice-box temperatures for over one hour. The 
loss of ascorbic acid from the time of withdrawal 
of the blood from the patient to its immediate 
analysis in the laboratory is incalculable. This 
loss is due to the oxidation of ascorbic acid. Bar- 
ron, de Meio, and Klemperer (7) have pointed 
out that the oxidation can be achieved by catalysts 
such as copper or the hemochromogens. Barron, 
Barron and Klemperer (8) showed that the time 
required for half-oxidation of ascorbic acid added 
to serum was reduced by the addition of small 
amounts of copper. They further demonstrated 
the presence of a protecting mechanism in the 
serum against the oxidation of ascorbic acid by 
copper. This inhibitory substance has been 
shown by de Caro and Giani (9), Bersin, Kdster 
and Jusatz (10) and Mawson (11) to be glu- 
tathione. 

By the use of the Warburg apparatus in an 
atmosphere of 5 per cent CO, and 95 per cent 0-, 
Barron, Barron and Klemperer were able to show 


not complete, the half-oxidation time requiring 
from 148 to 244 minutes. In ordinary laboratory 
glassware, using all the required precautions 
against contamination, and by using Tillmans’ 
method of assay modified by Farmer and Abt, 
the half oxidation time was found to be about 
fifty minutes. This would seem to indicate that 
the ideal time for analysis would be at the time 
the blood is collected. Even at the pH of the 
metaphosphoric acid filtrate (pH 2) the oxidation 
of ascorbic acid by minute traces of copper is 
pronounced (8). This is shown by the oxidation 
of ascorbic acid in metaphosphoric acid (Figure 
1 ). 



Fig. 1. Oxidation of Ascorbic Acid in Metaphos- 
phoric Acid Filtrate. (No KCN.) Temperature 
25° C. 


Since KCN had been found to protect the oxi- 
dation of ascorbic acid in the serum by added 
copper and hemochromogens (8), we attempted 
to investigate its effect on the catalysts ordinarily 
present in blood. It must be further noted that 
copper is present in all biological fluids in a con- 
centration sufficient to produce the oxidation of 
ascorbic acid (12). The following method can 
be used for the clinical determination of ascorbic 
acid in serum. 


that the protection in serum against catal 3 'sts was 
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Fig. 2. Curve 1 — Inhibition of Oxidation of Ascorbic Acid in Serum by KCN. 
CuRTC 2— Oxidation of Ascorbic Acid in Serum Without KCN. 


For routine purposes 5 mgin. KCN and 10 
mgm. of potassium oxalate are added to test tubes. 
Blood is collected from a patient’s vein, usually 
fasting, and about 6 to 7 cc. are placed in the 
tube and centrifuged. Two cubic centimeters of 
plasma are transferred to a test tube or centrifuge 
tube. To this is added 2 cc. of distilled water 
and 6 cc. of 10 per cent metaphosphoric acid 
(the metaphosphoric acid is made up fresh daily). 
This mixture is stirred rapidly with a glass rod 
for thirty seconds and allowed to stand for three 
minutes. In order to separate the protein pre- 
cipitate from the protein- free fluid, either filtra- 
tion through a Whatman 42 filter paper or cen- 
trifuging is satisfactory. Two cubic centimeters 
of either the filtrate or the supernatant fluid is 
used for the determination. This fluid is placed 
in a beaker (50 cc.) for titration with 2:6 di- 
chlorophenol indophenol. Titrations to a pink 
end-point are carried out using a light with a 
daylight filter. A 1/1000 Molar solution (29 
mgm. of dye in 100 cc. of water) is the most ef- 
ficient for this purpose. In preparing the dye 
solution it is convenient to dissolve it in water 
heated to 85° C., shake for fifteen minutes and 
filter if necessary. The dye is standardized 
against ascorbic acid (Hoffman-Roche). For 
purposes of convenience and simplicity the fol- 
lowing calculation is included. 

cc. of dye used .001 X 176 X 100 

in titration 0.4 

cc. dye used X 44 = mgm. 

ascorbic acid per 100 cc. plasma. 


0.001 is the concentration of the dye in millimols per 
cubic centimeter. 

176 is the milligrams of ascorbic acid equivalent to 1 
millimol. 

0.4 is the amount of serum used for the titration. 

The whole is multiplied by 100 to give the results in 
terms of 100 cc. of plasma. 

The error in the titration amounts to ±0.1 mgm. 

The addition of ascorbic acid to serum in which 
the ascorbic acid value was previously detennined 
yields recovery values as expressed in Table L 


TABLE I 

Recovery of ascorbic acid added to serum containing KCN 
100 milligrams per 100 cubic centimeters of serum 


Originally 

present 

Amount 

added 

Theo- 

retical 

total 

Found 
after 15 
minutes 

After 
i hour 

After 

1 hour 


mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

1 i 

.86 

5.0 

5.86 ! 

5.80 

5.80 

5.80 

2 

.87 

4.0 

4.87 

4.80 

4.80 

4.78 

3 

.86 

3.0 

3.86 

3.84 

3.83 

3.83 

4 

.86 

2.0 

2.86 

2.84 

2.84 

2.84 

5 

.86 

2.0 

2.86 

2.84 

2.82 

2.82' 

6 

.86 

1.5 

2.36 

2.30 

2.30 

2.28 

7 

.86 

i 1.5 

2.36 

2.28 

2.28 

2.28 

8 

.86 

1.0 

1.86 

1.84 

1.82 

1.82 

9 

.86 

1.0 

1.86 

1.84 

1.84 

1.84 


With this method we have obtained values vary- 
ing from 0.65 to 2.00 mgm. per cent in the blood 
plasma of 150 normal individuals. 

CONCLUSION 

In assaying ascorbic acid by 2 : 6 dichlorophenol 
indophenol there is a considerable loss of ascorbic 
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acid due to oxidation, which can be prevented 
by the use of KCN for preservation of the blood. 
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It has generally been accepted that recovery 
from paralytic poliomyelitis usually results in the 
appearance of antibodies in the blood serum ( 1 to 
10). The neutralizing property of human con- 
valescent sera from paralytic patients was first 
demonstrated in 1910 by Netter and Levaditi (1) 
and by Flexner and Lewis (2). Since then a 
number of investigators have confirmed this find- 


recorded by several of the early workers. Re- 
cently, however, the absence of neutralizing power 
in convalescent sera has been noted more fre- 
quently (16 to 19). The majority of the neu- 
tralization tests were performed upon sera ob- 
tained from patients years after the onset of the 
disease; a smaller number were carried out on 
sera collected within one year ; a few were secured 


TABLE I 


Summary of neutralization tests in paralytic cases compiled from the literature 


Investigators 

Within one week of onset 

Within one year of onset 

1 More than one year after onset 

1 

! Number 
of cases 
tested 

1 

Number 

neutral- 

ized 

Number 
failed to 
neutralize 

Number 
of cases 
tested 

Number 

neutral- 

ized 

Number 
failed to 
neutralize 

1 

1 Number 
' of cases 

1 tested 

Number , 
neutral* I 
ized 1 

Number 
failed to 
neutralize 

Netter and Levaditi (1) 


1 


4 

4 

0 


1 

1 

Peabody, Draper and Dochez (4) 


1 


1 

1 

0 



1 

Anderson and Frost (3) 




1 

1 

0 




Romer (5) 




2 

2 

0 

1 



Kling and Levaditi (6) 


2 

0 

2 

2 

0 




Flexner and Araoss (7) 

1 

1 

0 







Nuzum (8) 




1* 

0 

1 




Aycock and Kramer (9) 




1 

0 

1 

16 

IS 

1 

Fairbrother and Brown (10) 




1 

1 

0 




Howitt (12) 







20 

9 

11 

Stokes et ai. (11) 








1 

1 

Harmon and Harkins (IS) 

3 

1 

2 

5 

4 

1 




Shaughnessy, Harmon and Gordon (16) 




4 

2 

2 


7 

3 

Schul tz and Gebhardt (17) 







4 

2 

2 

Jungeblut and Smith (18) 





i 


26 

IS 

11 

Paul and Trask (19) 




7 

1 

6 




Total 

6 

4 

2 

29 

18 

1 

11 

84 

S3 

31 


* Recently recovered. 


ing (Table I). This tabulation does not include 
tests performed on pooled convalescent sera or on 
sera of patients who had received serum therapy 
(11 to 15). An occasional failure of convales- 
cent serum to neutralize poliomyelitis virus was 

’■This work was made possible by grants from the 
Rockefeller Foundation and the President’s Birthday 
Commission for Infantile Paralysis Research. 


during the first week of illness. The proportion 
of patients showing neutralizing substances was 
approximately the same, regardless of the time 
after the onset of the disease that the sera were 
collected (Table I). This would suggest that the 
neutralizing substances either developed shorth’ 
after the onset of the disease or were present at 
the time of the infection. The former idea was 
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It has generally been accepted that recovery 
from paralytic poliomyelitis usually results in the 
appearance of antibodies in the blood serum (1 to 
10). The neutralizing property of human con- 
valescent sera from paralytic patients was first 
demonstrated in 1910 by Netter and Levaditi (1) 
and by Flexner and Lewis (2). Since then a 
number of investigators have confirmed this find- 


recorded by several of the early workers. Re- 
cently, however, the absence of neutralizing power 
in convalescent sera has been noted more fre- 
quently (16 to 19). The majority of the neu- 
tralization tests were performed upon sera ob- 
tained from patients years after the onset of the 
disease; a smaller number were carried out on 
sera collected within one year ; a few were secured 


TABLE I 


Summary of neutralization tests in paralytic cases comfriled from the literature 


Investigators 

Within one week of onset 

Within one year of onset 

More than one year after onset 

Number 
of cases 
tested 

Number 

neutral* 

ized 

Number 
’ failed to 
Ineutralize 

Number 
' of cases 
tested 

1 

' Number 

1 neutral- 
1 ized 

1 Number 
failed to 
neutralize 

Number 
of cases 
tested 

Number 

neutral- 

ized 

Number 
failed to 
neutralize 

Netter and Levaditi (1) 




4 

4 

0 

2 

1 

1 

Peabody, Draper and Dochez (4) 

1 



1 1 

1 

0 

3 

2 

1 

Anderson and Frost (3) 





1 

0 




Romer (S) 

i 




2 

0 

I 

1 

0 

Kling and Levaditi (6) 

2 

2 

0 


2 

0 




Flexner and Amoss (7) 

1 

I 

0 





1 


Nuzura (8) 




1* 

0 

1 




Aycock and Kramer (9) 




1 

0 

1 

16 

IS 

1 

Fairbrother and Brown (10) 




1 

1 

0 




Howitt (12) 



1 




20 


11 

Stokes et al. (11) 




1 

1 




1 

Harmon and Harkins (IS) 

3 

1 

2 

5 1 

4 

1 




Shaughnessy, Harmon and Gordon (16) 




4 

2 

2 



3 

Schultz and Gebhardt (17) 







4 


2 

Jungeblut and Smith (18) 







26 

15 

11 

Paul and Trask (19) 




7 

1 

6 

1 



Total 

6 

4 

2 

29 

18 

11 

84 

53 

31 


* Recently recovered. 


ing (Table I). This tabulation does not include 
tests performed on pooled convalescent sera or on 
sera of patients who had received serum therapy 
(11 to 15). An occasional failure of convales- 
cent serum to neutralize poliomyelitis virus was 

^ This work was made possible by grants from the 
Rockefeller Foundation and the President’s Birthday 
Commission for Infantile Paralysis Research. 


during the first week of illness. The proportion 
of patients showing neutralizing substances was 
approximately the same, regardless of the time 
after the onset of the disease that the sera were 
collected (Table I). This would suggest that the 
neutralizing substances either developed shortly 
after the onset of the disease or were present at 
the time of the infection. The former idea 


was 
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ispended in an equal amount of glycerine (Kahlbaum) 

1 weight, and kept frozen. Small portions were re- 
oved, ground witli sand, and to each gram was added 
) cc. of distilled water to make a 10 per cent suspension, 
he suspension was centrifuged lightly, and the resulting 
ipernatant was referred to as a S per cent cord suspen- 
on because half of the gram of material mixed with the 
ater was glycerine. Five different batches of infectious 
jrds, each consisting of 4 or S spinal cords obtained from 
lonkeys at the height of paralysis, were used. Four of 
le batches were used from July to November 1935, and 
le fifth from then until the completion of the work in 
Ictober 1936. The virus, stored in this way, maintained 
s potency at a fairly uniform level of infectivity, as indi- 
ited by the results of repeated tests carried out with a 
atch over a period of 12 months. 

The infectivity of each batch of virus was determined 
y making serial dilutions of the 5 per cent suspension 
nth distilled water. This was accomplished by the addi- 
ion of 0.5 to 1.0 cc. of virus suspension to the required 
mount of diluent, and then after being shaken for several 
linutes, 0.13 cc. was measured off with a 0.2 cc. pipette. 
Jsually, 0.13 cc. of a 5 per cent suspension diluted 40 to 
0 times and added to 0.6 cc. of saline or normal monkey 
erum resulted in infection. 

Recently isolated strain. The virus was obtained from 
he nasal secretions of an acute bulbar case of poliomyeli- 
is on the 9th day of illness. The washings were passed 
hrough a Seitz filter and concentrated in vacuo to ap- 
iroximately 5 cc. This was then inoculated intracere- 
irally and intraperitoneally into a monkey. For the tests 
lescribed in this paper a single cord from the second pas- 
;age was used, being kept in glycerine at freezing tem- 
)erature. In making up the virus suspension, small pieces 
:rom 6 to 8 segments were used as previously described 
(23). The infectivity of the cord was sufficient to pro- 
luce a rapid and complete paralysis in the usual incuba- 
don period when 0.13 cc. of a S per cent suspension diluted 
20 to 40 times was injected. The virulence of this strain 
ivas, therefore, comparable to that of the passage virus. 

Neutralisaiiott test. The neutralization or protection 
test was carried out as follows : 0.13 cc. of a 1 : 10 or 1 : 2 
dilution of 5 per cent virus was added to 0.6 cc. of serum ; 
the proportion was 0.1 cc. of diluted virus suspension to 
0.45 cc. of serum. The mixtures were incubated for 2 
hours at 37° C. and then kept in the ice box for approxi- 
mately 2 hours. Of this mixture 0.5 to 0.6 cc. was inocu- 
lated into the frontal lobe of a monkey. A positive con- 
trol, consisting of hianan serum known to have protective 
substances, was used in each experiment Likewise, a 
negative control, consisting of normal monkey serum 
without protective properties, was included. When the 
serum failed to protect, the animal became paralyzed. 
With few exceptions, once paralysis set in, the animals 
became prostrate. When the paralysis was definite but 
failed to involve all extremities, it was referred to as 
“ incomplete paralysis." 

The usual minimal dose which was used to test the 
sera in this work was 0.13 cc. of a 1 : 10 dilution of S per 


cent virus suspension. If the serum protected, a 1:2 
dilution of the virus suspension was used in the next test 
Protective substances were considered present only when 
the animal survived the greater dose. A more concen- 
trated virus suspension was used to offset the irregulari- 
ties which can occur in carrying out tests with small 
amounts of virus. When irregularities occurred, several 
retests were made and the average result recorded. Some 
of the sera were tested with as many as 3 different batches 
of virus with fairly consistent results. 

Macacus rhesus monkeys weighing 2% to 4 kilos were 
used. Those surviving were not used again within the 
month. After an animal was used 3 times, it was injected 
with 0.13 cc. of a 1 : 10 or 1:2 dilution of a 5 per cent 
virus suspension added to 0.6 cc. of saline or normal 
monkey serum to determine whether the protection tests 
carried out upon the monkey were valid. This was nec- 
essary because an occasional monkey is naturally resistant 
Daily temperatures were taken for at least two weeks 
after inoculation. 

EXPERIMENTAL 

The sera of 82 paralytic, 32 non-paralytic and 
3 encephalitic cases were tested in the acute stage 
of the disease, that is, within a week after the 
onset. Many of the sera were retested at inter- 
vals during convalescence. Thirty-three experi- 
ments were carried out. The following 9 were 
selected as typical protocols. 

Neutralization tests with sera obtained in the 
acute stages of the disease 

Experiment 1. The sera of 16 paralytic and 
13 non-paralytic patients ranging from 5 months 
to 28 years of age were tested. It was found 
(Table II) that the sera of 6 of 7 paralytics 5 
years and under and 2 non-paralytics in the same 
age group, failed to neutralize a 1 : 10 dilution of 
a 5 per cent virus suspension. In the group over 
5 years the sera of 8 of 9 paralytics failed to 
protect ; all these were tested with a 1 : 2 dilution 
of virus suspension. On the other hand, the 
sera of 9 of 11 non-paralytics over 5 years of age 
neutralized either a 1 ; 10 or a 1 : 2 dilution ; seven 
of them were tested against the 1 : 2 dilution of 
virus. 

Experiment 2. Certain sera of the first and 
other experiments which had given protection 
w'ith a given test dose of virus, were retested wth 
larger doses. Sera that previously had neutral- 
ized 0.13 cc. of a 1 : 10 dilution were retested with 
a 1 : 2 dilution of a 5 per cent varus suspension ; 
and those tliat had neutralized the latter amount 
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supported b}^ Kling and Levaditi (6) who found 
neutralizing substances three and five da 3 's after 
the onset of the disease, and by Flexner and 
Amoss (7) who reported a similar finding at six 
days. The latter possibility was favored by Har- 
mon and coworkers (14) who found neutralizing 
substances present in the serum of a patient before 
the onset of paralysis. 

The higher incidence of neutralizing substances 
found in the convalescent sera by the early work- 
ers might have been due to chance in dealing with 
small numbers or to differences in technique of 
performing the tests. The age of the patient and 
the virulence of the virus must also be considered. 

Very few studies have been carried out on sera 
from non-paralytic patients. Peabody, Draper 
and Dochez (4) found no neutralizing power in 
the serum of a child 7 days after the onset of the 
disease, while that of another child neutralized at 
21 days, Paul and Trask (19) reported the case 
of a 6 year old non-paralytic child whose serum 
failed to neutralize both in the acute stage and 
1 year later. Harmon and Harkins (15) demon- 
strated the presence of neutralizing substances in 
the serum from an 11 year old child obtained 5 
days and again 5 months after the onset of the 
disease. Neutralization tests have also been re- 
corded by several other investigators (1, 3, 5, 6) 
upon blood from patients about whom insufficient 
clinical data were given to determine whether 
they could be classified as non-paralytic or abor- 
tive cases of poliomyelitis. 

Neutralizing substances have frequently been 
reported in the sera of so-called normal indi- 
viduals (9, 16, 20). The incidence of these anti- 
bodies appears to increase with age (9, 16). 
Various workers (9, 16, 20) have found that the 
sera of at least 50 per cent of normal adults have 
neutralizing power. Paul and Trask (21) in a 
review of reports on neutralization tests carried 
out since 1929, pointed out that the neutralizing 
power of normal sera exceeded that of convales- 
cent sera in all age groups. 

All of the above recorded tests were performed 
with a monkey passage virus. In addition, Paul 
and Trask (19) tested 7 sera with a recently iso- 
lated human strain of virus, as well as with a 
passage strain. They found that neutralizing 
substances were present in 6 of the 7 sera tested 


with the former strain as compared to one with 
the latter. Likewise, Plowitt (22) found that 7 
convalescent sera neutralized a recently isolated 
strain, while only 4 of them neutralized a passage 
virus. 

In spite of so much contradictory evidence, the 
idea still prevails that recovery from an attack of 
poliom 3 'clitis results in the development of anti- 
bodies. It, therefore, seemed advisable to investi- 
gate the matter further by tests on a sufficiently 
large number of sera taken at frequent intervals 
following the onset of the disease. 

The purpose of this work was: (1) To test for 
the presence or absence of neutralizing substances 
in the sera of both paralytic and non-paralytic in- 
dividuals of different ages in the acute and con- 
valescent stages of the disease; (2) To determine 
whether poliomyelitis can develop in the presence 
of protective substances; (3) To determine 
whether paralytic or non-paralytic cases with no 
demonstrable protective substances in the acute 
stage of the disease developed them within 12 to 
16 months after the onset; (4) To carry out the 
above tests with the FI passage virus and with a 
strain of virus isolated during the summer of 
1935. 

METHODS 

Sera were obtained from patients who were admitted 
to the Willard Parker Hospital for poliomyelitis during 
the summer and fall of 1935, when over 2,000 cases were 
reported in New York City. In each instance the diag- 
nosis was established by clinical findings and examination 
of spinal fluids. Only those patients who had a definite 
loss of muscle function were classified as paralytic. Non- 
paralytic cases were those who had an acute onset with 
meningeal involvement and pleocytosis of the spinal fluid. 
Every case was seen by one of us and a careful follow-up 
of the non-paralytic and the paralytic patients was car- 
ried out. In this way, it was possible to eliminate from 
the non-paralytic group those patients who subsequently 
developed muscle weakness or paralysis. We also cor- 
related, in the paralytics, the degree of muscle recovery 
with the results of the neutralization tests. 

The work was begun in July 1935, and the patients 
were bled at short intervals during the following 9 
months. A number were also bled 12 to 16 months after 
the onset. The majority of the sera were tested within 
a few weeks after collection. When comparative tests 
between early and later bleedings were made, the sera, 
which had been stored for 6 to 7 months, were again 
tested. All specimens were cultured before use and were 
kept at 2° to 4° C. 

Passage virus and preparation of suspension. The pas- 
sage virus (FI strain) was ground without abrasive. 
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suspended in an equal amount of glycerine (Kahlbaum) 
by weight, and kept frozen. Small portions were re- 
moved, ground with sand, and to each gram was added 
10 cc. of distilled water to make a 10 per cent suspension. 
The suspension was centrifuged lightly, and the resulting 
supernatant was referred to as a 5 per cent cord suspen- 
sion because half of tlie gram of material mixed with the 
water was glycerine. Five different batches of infectious 
cords, each consisting of 4 or S spinal cords obtained from 
monkeys at the height of paralysis, were used. Four of 
the batches were used from July to November 1935, and 
the fifth from then until the completion of the work in 
October 1936. The virus, stored in this way, maintained 
its potency at a fairly uniform level of infectivity, as indi- 
cated by the results of repeated tests carried out with a 
batch over a period of 12 months. 

The infectivity of each batch of virus was determined 
by making serial dilutions of the 5 per cent suspension 
with distilled water. This was accomplished by the addi- 
tion of 0.5 to 1.0 cc. of virus suspension to the required 
amount of diluent, and then after being shaken for several 
minutes, 0.13 cc. was measured off with a 0.2 cc. pipette. 
Usually, 0.13 cc. of a 5 per cent suspension diluted 40 to 
80 times and added to 0,6 cc. of saline or normal monkey 
serum resulted in infection. 

Recently isolated strain. The virus was obtained from 
the nasal secretions of an acute bulbar case of poliomyeli- 
tis on the 9th day of illness. The washings were passed 
through a Seitz filter and concentrated in vacuo to ap- 
proximately S cc. This was then inoculated intracere- 
brally and intraperitoneally into a monkey. For the tests 
described in this paper a single cord from the second pas- 
sage was used, being kept in glycerine at freezing tem- 
perature. In making up the virus suspension, small pieces 
from 6 to 8 segments were used as previously described 
(23). The infectivity of the cord was sufficient to pro- 
duce a rapid and complete paralysis in the usual incuba- 
tion period when 0.13 cc. of a 5 per cent suspension diluted 
20 to 40 times was injected. The virulence of this strain 
was, therefore, comparable to that of the passage virus. 

Neutralisation test. The neutralization or protection 
test was carried out as follows : 0.13 cc. of a 1 : 10 or 1 : 2 
dilution of 5 per cent virus was added to 0.6 cc. of serum; 
the proportion was 0.1 cc. of diluted virus suspension to 
0.45 cc. of serum. The mixtures were incubated for 2 
hours at 37° C. and then kept in the ice box for approxi- 
mately 2 hours. Of this mixture 0.5 to 0.6 cc. was inocu- 
lated into the frontal lobe of a monkey. A positive con- 
trol, consisting of human serum known to have protective 
substances, was used in each experiment Likewise, a 
negative control, consisting of normal monkey serum 
without protective properties, was included. When the 
serum failed to protect, the animal became paralyzed. 
With few exceptions, once paralysis set in, the animals 
became prostrate. When the paralysis was definite but 
failed to involve all extremities, it was referred to as 
“ incomplete paralysis." 

The usual minimal dose which was used to test the 
sera in this work was 0.13 cc. of a 1 : 10 dilution of 5 per 


cent virus suspension. If the serum protected, a 1:2 
dilution of the virus suspension was used in the next test. 
Protective substances were considered present only when 
the animal survived the greater dose. A more concen- 
trated virus suspension was used to offset the irregulari- 
ties which can occur in carrying out tests with small 
amounts of virus. When irregularities occurred, several 
retests were made and the average result recorded. Some 
of the sera were tested with as many as 3 different batches 
of virus with fairly consistent results. 

Macacus rhesus monkeys weighing 2^ to 4 kilos were 
used. Those surviving were not used again within the 
month. After an animal was used 3 times, it was injected 
with 0.13 cc. of a 1 : 10 or 1 : 2 dilution of a 5 per cent 
virus suspension added to 0.6 cc. of saline or normal 
monkey serum to determine whether the protection tests 
carried out upon the monkey were valid. This was nec- 
essary because an occasional monkey is naturally resistant. 
Daily temperatures were taken for at least two weeks 
after inoculation, 

EXPERIMENTAL 

The sera of 82 paralytic, 32 non-paralytic and 
3 encephalitic cases were tested in the acute stage 
of the disease, that is, within a week after the 
onset. Many of the sera were retested at inter- 
vals during convalescence. Thirty-three experi- 
ments were carried out. The following 9 were 
selected as typical protocols. 

Neutralization tests with sera obtained in the 
acute stages of the disease 

Experiment 1. The sera of 16 paralytic and 
13 non-paralytic patients ranging from 5 months 
to 28 years of age were tested. It was found 
(Table II) that the sera of 6 of 7 paralytics 5 
years and under and 2 non-paral 3 d:ics in the same 
age group, failed to neutralize a 1 : 10 dilution of 
a 5 per cent virus suspension. In the group over 
5 years the sera of 8 of 9 paralytics failed to 
protect ; all these were tested with a 1 : 2 dilution 
of virus suspension. On the other hand, the 
sera of 9 of 11 non-paralytics over 5 years of age 
neutralized either al:10oral:2 dilution; seven 
of them were tested against the 1 : 2 dilution of 
virus. 

Experiment 2. Certain sera of the first and 
other experiments ■which had given protection 
with a given test dose of -varus, were retested with 
larger doses. Sera that previously had neutral- 
ized 0.13 cc. of a 1 : 10 dilution were retested with 
a 1 : 2 dilution of a 5 per cent -virus suspension ; 
and those that had neutralized the latter amount 
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TABLE II 


Suvmary of nculmlization tests with sera taken in the first week of the disease 


Patient's initials 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
S per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

scrum 

Number 

of 

monkey 

Results 

Negative control 

Normal n 

lonkcy serum 

j days 

1 : 10 

cc, 

0.13 

cc, 

0.60 

J 127 

Paralyzed 7 days 



Negative control 

NormnI mnnUov .*;pnim 


1 :2 

0.13 

0.60 

J 35 

Paralyzed 7 days 





Positive control 

Mnrmnl nrltilf linmnn sortim R ^ 

* 

0.20 

0.45 

J 1219 

No paralysis 






Positive control 

NormnI nrlnlt linmnn spriim R \ 

* 

0.45 

0,45 

617 

Paralyzed 11 days 






S. S 

5 mos. 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralj'tic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

7 

mn 

0.13 

0.13 

0.60 

0.60 

J 92 

J 107 

J 124 

J 108 

J 102 

J 112 

J 111 

J 122 

J 120 

J 119 

J 105 

J 121 

J 53 

J 103 
J90 

J 91 

J 97 

J 93 

J 100 

J 113 

J 114 

J 123 

J 70 

J 96 

J 115 

J 98 

J 99 
J95 

J 106 

J 128 

J 104 
J94 

Paralyzed 10 days 
Paralyzed 6 days 

No paralysis 
Paralyzed 9 days 
Paralyzed 9 days 
Paralyzed 6 days 
Paralyzed 14 days 
Paralyzed 8 days 
No paralysis 

No paralysis 
Paralyzed 7 days 
Paralyzed 15 days 
Paralyzed 8 days 
Paralyzed 16 days 
Paralyzed 6 days 
Paralyzed 6 days 
Paralyzed 6 days 
Paralyzed 6 days 
Paralyzed 7 days 
Paralyzed 4 days 
No paralysis 

No paralysis 

No paralysis 

No paralysis 

No paralysis 

No paralysis 
Paralyzed 9 days 

D. O’B 

16 mos. 

3 

1 : 10 

H. D 

years 

2 

4 

1 : 10 

0.13 

0.60 

R. M 

4 

5 

1 t in 

0.13 

0.60 

V. M 

4 

3 


0.13 

0.60 

G. C 

5 

5 

1 : io 

0.13 

0.60 

P, B 

5 

3 

1 : 10 

0.13 

0.60 

C. M 

6 

5 

1 : 2 

0.13 

0.60 

R, A 

7 

2 

1 : 10 

0.13 

0.60 

R. A 

7 

2 

1 : 2 

0.13 

0.60 

J. B 

8 

1 

1 : 2 

0.13 

0.60 

M. G 

8 


1 : 10 

0.13 

0.60 

M. G 

8 


1 : 2 

0.13 

0.60 

M. R 

9 


1 : 2 

0.13 

0.60 

T. McT 

IS 


1 : 2 

0.13 

0.60 

T. M 

16 


1 : 2 

0.13 

0.60 

E. P 

21 


1 : 2 

0.13 

0.60 

V. C. . 

28 

1 

1 : 2 

0.13 

0.60 

P. M 

3 


1 : 10 

0.13 

0.60 

H. B 

5 


1 : 10 

0.13 

0.60 

C. E 

6 


1 : 10 

0.13 

0.60 

L. W 

8 


1 : 10 

0.13 

0.60 

L. W 

8 


1 : 2 

0.13 

0.60 

M. E 

9 


1 : 2 

0.13 

0.60 

H. E 

10 


1 : 10 

0.13 

0.60 

I. B 

13 

1 

1 : 2 

0.13 

0.60 

C. S 

15 

2 

1 :2 

0.13 

0.60 

A. P 

16 

2 

1 : 2 

0.13 

0.60 

No paralysis 

No paralysis 
Paralyzed 16 days 

No paralysis 

No parali'sis 

R. T 

16 

4 

1 :2 

0.13 

0.60 

A. C 

16 

6 

1 : 2 

0.13 

0.60 

B. M 

22 

2 

1 :2 

0.13 

0.60 

M. W 

27 

4 

1 : 2 

0.13 

0.60 







— 


* Undiluted. 


were tested with 0.13 cc. or more of a 5 per cent 
suspension. The results (Table III) showed that 
the sera of 5 of 8 non-paralytics and two par- 
alytics protected when the larger quantity of 
virus was used. 

Summary of results of all tests on sera collected 
in the acute stage of the disease 

The results of all of the first- week bleedings 
(Table IV) indicated that protective substances 
were present in 14 of 82 paralytics during the 
acute stage of the disease. In the non-paralytic 
group, on the other hand, they were present in 


18 of 32 sera. When protective substances were 
present, they were detected as early as 1 and 2 
days after the onset of the disease both in par- 
alytic and non-paralytic cases. Four of the 82 
patients were tested in the preparalytic stage. 
Two of them were found to have protective sub- 
stances. 

Protective substances in normal urban individuals 

It was decided to test sera of a group of so- 
called normal residents of New York City be- 
tween 11 and 25 years of age to determine 
whether the virus and technique used in the 
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TABLE III 

Neutralization tests in the first week of the disease. (These sera had previously neutralized a smaller dose of virus) 


Patient's initials 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
5 per 
cent 
virus 

Amount 
' of 
virus 

Amount 

of 

serum 

Number 

of 

monkey 

Results 

Negative control 

years 

Normal m 

onkey serum 

days 

1 :10 

ce. 

0.13 

cc, 

0.60 

J 207 

Paralyzed 7 days 



Negative control 

Normal monkev serum 


1 :2 

0.13 

0.60 

J 126 

Paralyzed 6 days 





Positive control 

Normal adult human serum tM.B.l 

♦ 

0.20 

0.45 

J 208 

Partial paralysis 






Positive control 

Normal nHiilt human serum 

1 ; 2 

0.13 

0.60 

J 215 

No paralysis 






R. G 

3 

Non-paralytjc 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Non-paralytic 

Paralytic 

Paralytic 


* 

0.20 

0.45 

J 239 

J 234 

No paralysis 
Paralyzed 15 days 
No paralysis 

No paralysis 

No paralysis 
Paralyzed 7 days 
No paralysis 

No paralysis 

No paralysis 
Paralyzed 9 days 
No paralysis 

No paralysis 

C. E 

6 


1 :2 

0.13 

0.45 

L. W 

8 



0,20 

0.45 

L. W ' 

8 


* 

0.4S 

0.45 

j 229 
N 17 

J. B 

13 

1 

♦ 

0.20 

0.45 

R. J 

16 

4 


0.20 

0.45 

N 19 

A. P 

16 

2 


0.20 

0.45 

J 119 
J211 

J 237 
N8 

A. P 

16 

2 

* 

0.45 

0.45 

B. M 

22 

2 

4c 

0.20 

0.45 

M. W 

27 

4 

* 

0.20 

0.45 

H. D 

2 

5 

1 :2 

0.13 

0.60 

J 220 
J216 

L. E 

8 

3 

1 :2 

0.13 

0.60 




* Undiluted. 


experiments produced approximately the same 
proportion of neutralizations reported by others 
(9, 16, 21). Moreover, this would enable us also 
to compare the results of these tests with those of 
paralytic and non-paralytic patients in the acute 
stage of the disease. 


TABLE IV 

Summary of neutralization tests with sera taken in the first 
week of the disease 


Age 

group 

Paralytics 

Non-paralytics 

Encephalitic 

Num- 

ber 

tested 

Sera 

neu- 

tral- 

ized 

Sera 

failed 

to 

neu- 

tral- 

ize 

Num- 

ber 

tested 

Sera 

neu- 

tral- 

ized 

Sera 

failed 

to 

neu- 

tral- 

ize 

Num- 

ber 

tested 

Sera 

neu- 

tral- 

ized 

Sera 

failed 

to 

neu- 

tral- 

ize 

years 










1-5. ... 

26 

2 

24 

6 

1 

5 




6-10... 

25 


21 

14 

10 

4 

3 

1 

2 

11-17. . 

19 

4 

15 

10 

5 

5 




Adults . 

12 

4 

8 

2 

2 

0 




Totals . 

82 

14 

68 

32 

18 

14 

3 

1 

2 


Experiment 3. The sera of IS individuals 
from 11 to 25 years of age were tested by the 
use of 0.6 cc. of serum mixed with 0.13 cc. of a 
2)4 per cent (a 1 : 2 dilution of 5 per cent) virus 
suspension. Protection occurred with 9 of the 
18 sera. The proportion of positive neutraliza- 
tions in the group approximates that found by 


other workers for normal urban adolescents and 
adults. Protective substances were found in only 
8 of the 31 sera from paralytic patients over 10 
years of age during the acute stage (Table IV). 
In the non-paralytic patients of the same age 
group, 7 of the 12 sera protected. Thus, the 
incidence of protective substances during the 
acute stage of the disease in the paralytic group 
was lower than that in the normal urban resi- 
dents, while in the non-paralytic group it was 
approximately the same. 

Protection tests with sera secured during the first 
9 months of convalescence 

Repeated tests were carried out upon the sera 
of 44 paralytic, 13 non-paralytic and 2 enceph- 
alitic patients at various intervals from two weeks 
to nine months after the onset of the disease. 
The sera of a few of these individuals had pro- 
tected in the first week of their illness, but the 
majority had failed to do so. 

Protection tests with convalescent sera from in- 
dividuals whose sera failed to protect 
in the first week of the disease 

The follom'ng three experiments arc tj’pical 
of the results obtained. 
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Experiment 4. The sera of 2 paralytic cases 
obtained 6 weeks and 4 months, respectively, 
after the onset were tested together with those 
obtained in the acute stage of the disease. Sim- 
ilar tests were carried out with specimens of 
serum from a non-paralytic case and also with 
specimens obtained from an encephalitic case 3 


child, G. C., specimens obtained in the 1st, 3d, 
and 12th weeks were tested against graded dilu- 
tions of virus (1:10 to 1:80). At the same 
time specimens from 15 paralytics and non- 
paralytics obtained 1 to 8 months after the onset 
were tested in the usual way against 1 :10 and 
1 : 2 dilutions of 5 per cent virus. From 3 of 


T.\Dt.E v 


Neutralization tests with convalescent sera of individuals whose sera failed to neutralize in the first week 


Patient’s initials 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
5 per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

scrum 

Number 

of 

monkey 

Results 


years 


1 


cc. 

cc. 



Negative control 

Normal monkey serum 


1 : 10 

0.13 

0.60 

J 75 

Paralyzed 8 da 3 's 

Negative control 

Normal monkey serum 

1 : 5 

0.13 

0.60 

J 63 

Paral}^zed 6 days 

Negative control 

Normal monkej' serum 

1 :2 

0.13 

0.60 

J66 

Paralyzed 8 days 

Positive control 

Normal adult human serum (M.B.) 

1 : 10 

0.13 

0.60 

J 64 

No paralysis 

Positive control 

Normal adult human serum (M.B.) 

1 :5 

0.13 

0.60 

J74 

No paraij'sis 

Positive control 

Normal adult human serum (M.B.) 

1 :2 

0.13 

0.60 

145 

No paraij'sis 

G. M 

13 

Paralytic 

2 days 


0.13 

0.60 

J 79 

Paralyzed 6 days 

G. M 

13 

Paralytic 

2 days 

am 

0.13 

0.60 

J 88 

Prostrate 6 days 

G. M. 

13 

Paralytic 

2 days 


0.13 


226 

Paralyzed 8 days 

G. M 

13 

Paralytic 

4 months 

1 ; 10 

0.13 


J 87 

Paralj'zed 7 days 

G. M 

13 

Paralvtic 

4 months 

1 :5 

0.13 


J 84 

Paralyzed 7 days 

G. M 

13 

Paralj^ic 

4 months 

1 :2 

0.13 


J56 

Parah’zed 7 days 

R. H 

6 

Paralytic 

2 days 

1 : 10 

0.13 

0.60 

J 83 

Paralyzed 9 days 

R. H 

6 

Paralytic 

2 days 

1 :5 

0.13 


J 77 

Paralyzed 5 days 

R. H 

6 

Paralytic 

2 days 

1 : 2 

0.13 


J 28 

Paralj'zed 7 daj's 

R. H 

6 

Paralytic 

6 weeks 

1 : 10 

0.13 

0.60 

J 85 

Paralyzed 6 days 

R. H 

6 

Paralytic 

6 weeks 

1 :5 

0.13 

0.60 

J81 

Paralj'zed 9 days 

R. H 

6 

Paralytic 

6 weeks 

1 : 2 

0.13 

0.60 

J 1 

Paralj'zed 9 days 

T. S 

6 

Non-paralytic 

3 days 

1 : 10 

0.13 


J 80 

Paralyzed 6 daj'S 

T. S 

6 

Non-paralytic 

3 days 

1 :5 

0.13 


J 76 

Paralyzed 8 days 

T. S 

6 

Non-paralytic 

3 days 

1 :2 

0.13 

0.60 

J57 

Paralyzed 6 daj'S 

T. S 

6 

Non-paralytic 

3 weeks 

1 : 10 

0.13 

0.60 

J 69 

Paralyzed 12 days 

T. S 

6 

Non-paralytic 

3 weeks 

1 :5 

0.13 


J 78 

Paralyzed V daj'S 

T. S 

6 

Non-paralytic 

3 weeks 

1 :2 

0.13 


211 

Paralvzed 6 days 

M. F 

7 

Encephalitic 

19 days 

1 : 10 

0.13 

0.60 

J 65 

Paralyzed 7 days 

M. F 

7 

Encephalitic 

19 days 

1 :5 

0.13 


J67 

Paralyzed 12 daj'S 

M. F 

7 

Encephalitic 

19 days 

1 ;2 

0.13 


J32 

Paralyzed 7 days 

M. F 

7 

Encephalitic 

5 months 

1 ; 10 

0.13 

0.60 

J 89 

Prostrate 6 days 

M. F 

7 

Encephalitic 

5 months 

1 :5 

0.13 

0.60 

J 86 

Paralj'zed 8 daj's 

M. F 

7 

Encephalitic 

5 months 

1 : 2 

0.13 

mm 

J 18 

Paralj'zed 6 daj'S 


weeks and 5 months, respectively, after the onset. 
Each serum was tested with three different dilu- 
tions of virus. The results of these tests (Table 
V) failed to show any evidence that protective 
substances had developed in these four convales- 
cent sera. 

Experiment 5. To determine whether any evi- 
dence whatsoever of protective power could be 
detected in convalescent sera from a paralytic 


these individuals, the specimens collected during 
the first week and 3 subsequent specimens were 
tested. The results (Table VI) of this experi- 
ment agreed with those of the previous one, in 
that none of the 12 sera from paralytics had 
shown protective power when tested from 2 to 8 
months after the onset. Likewise, the 3 sera 
from non-paralytics failed to neutralize the virus. 

Unfortunately, the positive control serum failed 
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TABLE VI 

NeulraKzaiion tests with convalescent sera from individuals whose sera failed to neutralize in the first week 


Patient's initials 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
5 per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

serum 

Number 

of 

monkey 

Results 


years 




cc. 

cc. 



Negative control . 

Normal monkey serum 


1 :2 

0.13 

0.60 

J 197 

Paralyzed 6 days 

Negative control . 

Normal monkey serum 

1 :10 

0.13 

0.60 

J 199 

Paralyzed 8 days 

Negative control . 

Normal monkey serum 

1 :20 

0.13 

0.60 

J 198 

Paralyzed 6 days 

Negative control . 

Normal monkey serum 

1 :40 

0.13 

0.60 

J 196 

Paralyzed 7 days 

Negative control . 

Normal monkey serum 

1 :80 

0.13 

0.60 

J 194 

Paralyzed 6 days 

Positive control . . 

Normal adult human serum (M.B.) 

* 

0.20 

0.45 

J 178 

Paralyzed 15 days 

Positive control . . 

Normal adult human serum (M.B.) 


0.45 

0.45 

J 64 

Partial paralysis 15 days 

Positive control . . 

Normal adult human serum (M.B.) 

* 

0.45 

0.45t 

J74 

Paralyzed 10 days 

G. C 

5 

Paralytic 

5 days 

1 ;10 

0.13 

0.60 

J 186 

Paralyzed 7 days 

G. C 

5 

Paralytic 

5 days 

1 :20 

0.13 

0.60 

J 187 

Paralyzed 7 days 

G. C 

5 

Paralytic 

S days 

1 :80 

0.13 

0.60 

J 185 

Paralyzed 9 days 

G. C 

5 

Paralytic 

19 days 

1 :10 

0.13 

0.60 

J 191 

Paralyzed 7 days 

G. C 

5 

Paralytic 

19 days 

1 :20 

0.13 

0.60 

J 190 

Paralyzed 36 days 

G. C 

S 

Paralytic 

19 days 

1 :40 

0.13 

0.60 

J 189 

Paralyzed 9 days 

G. C 

5 

Paralytic 

19 days 

1 :80 

0.13 

0.60 

J 188 

Paralyzed 8 days 

G. C 

5 

Paralytic 

3 months 

1 :10 

0.13 

0.60 

J 192 

Paralyzed 7 days 

G. C 

S 

Paralytic 

3 months 

1 -.20 

0.13 

0.60 

J 193 

Paralyzed 9 days 

G. C 

5 

Paralytic 

3 months 

1 :40 

0.13 

0.60 

J 175 

Paralyzed 14 days 

G, C 

5 

Paralytic 

3 months 

1 :80 

0.13 

0.60 

B.U. 

DipH Rth flay— IntftrriirrRnt in- 



fection 

R. M 

4 



1 • 10 

n 1 .^ 

n.fjf) 

J 170 


R. M 

4 

Paralytic 

26 days 

1 :10 

o!i3 

0^60 

J 164 

Paralyzed 7 days 

R. M 

4 

Paralytic 

3 J months 

1 : 10 

0.13 

0.60 

J 163 

Paralyzed 4 days 

V. M.t 

4 

Paralytic 

2 days 

1 :10 

0.13 

0.60 

J 173 

Paralyzed 7 days 

V. M 

4 

Paralytic 

19 days 

1 :10 

0.13 

0.60 

J 174 

Paralyzed 7 days 

V. M 

4 

Paralytic 

4 months 

1 :10 

0.13 

0.60 

J 168 

Paralyzed 6 days 

V. M 

4 

Paralytic 

7 months 

1 : 10 

0.13 

0.60 

J 167 

Paralyzed 6 days 

J- s 

3 

Paralytic 

8 months 

1 ;10 

0.13 

0.60 

J 171 

Paralyzed 7 days 

J* * * § 

S 

Paralytic 

8 months 

iBQ 

0.13 

0.60 

J 172 

Paralyzed 7 days 

E. S 

s 

Paralytic 

2 months 


0.13 

0.60 

N 12 

Paralyzed 11 days 

E. S 

s 

Paralytic 

6 months 

EH 

0.13 

0.60 

J 158 

Paralyzed 7 days 

D. F 

17 

Paralytic 

7 weeks 

1 :2 

0.13 

0.60 

J 182 

Paralyzed 6 days 

D. F 

17 

Paralytic 

7i months 

1:2 

0.13 

0.60 

J 2 

Paralyzed 9 days 

K. G 

31 

Paralytic 

3 months 

1 :2 

0.13 

0.60 

J 156 

Paralyzed 8 days 

K. G 

31 

Paralytic 

3 months 

« 

0.10 

0.60 

R 68 

Paralyzed 6 days 

K. G 

31 

Paralytic 

8 months 

1 :2 

0.13 

0.60 

J 155 

Paralyzed 7 days 

K. G 

31 

Paralytic 

8 months 

* 

0.10 

0.60 

135 

Paralyzed 11 days 

S. H 


Paralytic 

6 months 

1 : 10 

0.13 

0.60 

J 160 

Paralyzed 8 days 

S. H 


Paralytic 

8 J months 

1 :2 

0.13 

0.60 

R49 

Paralyzed 8 days 

C. H 


Paralytic 

1 month 

fwvm 

0.13 

0.60 

491 

No paralysis 

C. H 


Paralytic 

7 months 

EH 

0.13 

0.60 

J 159 

Paralyzed 15 days 

A, G 

29 

Paralytic 

3 weeks 

1 :2 

0.13 

0.60 

R 62 

Paralyzed 8 days 

A, G 

29 

Paralytic 

7 months 

1 :2 

0.13 

0.60 

J 157 

Paralyzed 5 days 

S. T 

8 

Paralytic 

7 months 

1 :2 

0.13 

■I 

J 176 

Paralyzed 9 days 

J' s 

5 

Non-paralytic 

6 months 

1 :10 

0.13 

■I fliV 

J 16S§ 

No paralysis 

w. s 

11 

Non-paralytic 

6 months 

1 :10 

0.13 

■S >tSB 

J 166 

Paralyzed 6 days 

K. S 

11 

Non-paralytic 

7 months 

1 :10 

0.13 

■I SiH 

j 177 

Paralyzed IS days 

P. M 

3 

Non-paralytic 

3 weeks 

1 :10 

0.13 

■I tufl 

J 180 

Parab’zed 7 days 

P. M 

3 

Non-paralytic 

3 months 

1 :10 

0.13 

0.60 

J 181 

Paralvzed 7 days 

P. M 

3 

Non-paralytic 

6 months 

1 : 10 

0.13 

0.60 

J 183 

Paralyzed 7 days 


* Undiluted, 

t Bulbar case, 

i 1 : 6 dilution of serum. 

§ These animals were subsequently proven to be resistant to poliomyelitis virus, 
in the tabulations. 


The results have been omitted 
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to neutralize 0.2 cc. of a 5 per cent virus sus- 
pension, an amount of the same batch of virus 
that tliis serum had neutralized in Experiment 1 ; 
the injected animal contracted poliomyelitis after 
a prolonged incubation period. In several other 
experiments, this serum had neutralized 0.13 cc. 
of a 1:2 dilution of a 5 per cent suspension, the 
usual test dose. In the next experiment, the 
same serum neutralized a similar test dose of 
the same batch of virus. 

Experiment 6. Inasmuch as the positive con- 
trol serum in Experiment 5 failed to neutralize 
the virus, the same positive and negative control 


that the positive control serum in the previous 
experiment was tested against too large a dose of 
virus. 

Summary of all tests zvithin the first year with 
the convalescent sera of individuals zvhose 
sera failed to protect in the first 
zucck of the disease 

A. Paralytics. Convalescent sera from 39 per- 
sons of various ages (Table VIII) were tested 
at frequent intervals after the onset of the disease. 
At 2 or 3 weeks after the onset, only 1 of 24 


TABLE VII 


Rechcck of pari of Experiment 5 


1 

1 

1 

Patient’s initials i 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
S per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

scrum 

Number 

of 

monkey 

Results 


years I 


1 

1 


1 

cc. 

CC, 



Negative control 

INormal monke)'’ serum 


1 : 20 

0.13 

0.60 

J 260 

Paralyzed 7 days 

Negative control 

Saline 

1 :20 

0.13 

0.60 

J 274 

Paralyzed 8 da 3 's 

Positive control 

Normal adult human serum (M.B.) 

1 :2 

0.13 

0.60 

J 215 

No paralj’sis 

A. P 

16 

Non-paralytic 

2 days 

* 

0.45 


t J 211 

No paralysis 

V. M.f 

4 

Paralytic 

3 days 

1 : 20 

0.13 


1 J 273 

Paraij'zed 9 days 

V. M 

4 

Paralytic 

7 months 

1 : 20 

0.13 


J 277 

Paralyzed 8 days 

P. M 

1 3 

1 

Non-paralytic 

3 months 

1 : 20 

0.13 


J 272 

Paralyzed 9 days 


* Undiluted 
t Bulbar case. 


sera were retested. Whereas, in the previous 
experiment this positive control serum was tested 
against 0.2 cc. of a 5 per cent virus suspension, 
now 0.13 cc, of a 1:2 dilution of a 5 per cent 
suspension of the same batch of virus was used. 
As another positive control, the serum of a non- 
paralytic case (A. P.) which had previously pro- 
tected was tested against a larger dose, 0.45 cc. of 
a 5 per cent virus suspension. In addition, 3 
sera (V. M., 2 specimens, and P. M.) which had 
failed to protect were again tested with smaller 
amounts of virus than were used in the previous 
experiment. The results are shown in Table VII. 

The positive control serum protected against 
the usual test dose of virus, while the negative 
control and the 3 other negative sera which were 
retested with smaller amounts of virus failed to 
do so. The serum from the non-paralytic case 
(A. P.) again protected. It appears, therefore. 


sera protected; 7 of them were tested both at 2 
and 3 weeks. Sera of 18 of the above individuals 
as well as of 12 others that failed to protect upon 
admission were retested once or twice at intervals 
of 1 to 6 months after the onset. Protection 
occurred in only 2 of these specimens, one, K. F., 
at 7 weeks, and the other, V. C., at 2)4 mid 3)4 
months. The latter showed protective sub- 
stances for the first time on the 16th day. 

At 7 to 9 months after the onset 20 of 21 sera 
tested failed to protect. The one serum that 
protected was obtained 9 months after the onset 
of the illness from K. F. who already had shown 
protective substance at 7 weeks. The other pa- 
tient whose serum had developed protective sub- 
stance previously was not available for retesting. 
The sera from 18 of the 21 individuals had been 
tested earlier during convalescence; 4 once, 12 
two or three times and 2, four times always with 
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TABLE Vni 

Summary of ncutraliaalion tests during first year of conva- 
lescence of individuals whose sera failed to neutralize 
17! the first week 



Paralytic 

Non-paralytic 

Age groupa 

Number 

tested 

Number 

neutralized 

Number 

tested 

Number 

neutralized 

years 

1-5 

16 

1 

2 

0 

6-10 

14 

0 

6 

0 

11-17 

6 

1 

3 

0 

Adult 

3 

0 

0 

0 

Total 

39 

2 

11 

0 


negative results. The other 3 had been tested 
previously only in the acute stage of the disease. 

B. Non-paralytics. Convalescent sera from 11 
persons of various ages were tested at frequent 
intervals after the onset of the disease (Table 
VIII). Seven sera were tested 2 to 3 weeks after 
the onset and none neutralized the virus. Six 
sera, tested 1 to 3 months after the onset, showed 
no protective power; three of them had been 
tested previously during convalescence. Six sera 
tested 6 to 7 months after the onset also gave 
negative results; all but one of these had been 
tested earlier in convalescence. 

C. Cases with encephalitic symptoms. The 
sera from two of these patients were tested and 
failed to show protective substances ; one of them 
was tested 3 and 7 weeks, and 3 and 5 months 
after the onset, the other 6)4 months after the 
onset. 

Summary of tests with convalescent sera from 
individuals whose sera protected in the 
first week of the disease 

The sera of 5 paralytics and 2 non-paralytics 
which showed protective power in the acute stage, 
when retested at later intervals still protected. 
The sera from two of the paralytics were re- 
tested in the second and third week respectively; 
two others at the end of 2 months ; and the fifth 
after 6 months. One of the non-paralytics 
whose sera had protected on the Sth day, gave 
similar results in the 2d and 4th weeks, the other 
which had protected on the 4th day, also pro- 
tected 6 months later. Thus, the ability of a 
serum to protect in the acute stage of the disease 
did not appear to be temporar}', but was main- 


tained for some time at least. However, no 
evidence of an increase in protective power ivas 
demonstrated either in two paralytics or in one 
non-paralytic. Serum from one of the paralytics 
had neutralized 0.1 cc. of a' 5 per cent virus sus- 
pension in the acute stage, but failed to neutralize 
0.2 cc. after 3 months. The other did not neu- 
tralize 0.1 cc. of a 5 per cent virus after 7 weeks, 
although a specimen obtained during the first 
week neutralized half that amount, A non- 
paralytic case also failed to show an increase of 
protective antibodies after 6% months. 

Tests with a strain of virus isolated in 1935 

In order to compare the results with those ob- 
tained previously with the passage virus, two ex- 
periments were performed upon sera obtained 
in the acute and convalescent stages using the 
strain isolated from nasal washings. 

Experiment 7. Ten specimens from 7 pa- 
tients were tested ; 3 were taken both in the acute 
and convalescent stages and 4 only in convales- 
cence. None of these specimens had neutralized 
the FI virus. The results, shown in Table IX, 
indicated that 2 of the 3 sera obtained soon after 
the onset and all of the 7 convalescent specimens 
failed to protect. 

Experiment 8. Sixteen sera were tested. Six 
of these had previously protected against the pas- 
sage virus. These included 3 specimens obtained 
from non-paralytics in the acute stage and 3 from 
paralytics during convalescence. Two of the lat- 
ter (V. C. and K. F.) were from patients who 
showed protective substances both in the acute 
stage and in convalescence. Nine specimens ob- 
tained 5 to 9 months after the onset had failed 
to neutralize the FI strain. Two of these were 
from non-paralytics and 7 from paralytics. The 
16th serum was an acute-stage specimen of S. S. 
which appeared to protect against the recently 
isolated strain in Experiment 7 but had failed to 
neutralize the passage virus previously. The re- 
sults are given in Table X. All 6 specimens 
which had protected against the passage virus 
also neutralized the recently isolated strain. The 
9 convalescent sera which had failed to protect 
against the passage rirus also failed to protect 
■when the recently isolated strain was used. The 
specimen obtained from S. S. in the acute stage. 
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TABLE IX 


Ncutralkalion tests with a strain of virus isolated during the 1935 outbreak 


Patient’s initials 

Arc 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
S per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

scrum 

Number 

of 

monkey 

Results 

Negative control 

years | 

Normal monkey seru 

m 

1 :2 

cc. 

0.13 

cc, 

0,60 

J 252 

No paralysis 

Negative control 

Normal monkey serum 

1 : 10 

0.13 

0.60 

J 253 

Paralyzed 14 days 

Negative control 

Normal monkey scrum 

1 :40 

0,13 

0.60 

J 248 

Paralyzed 8 days 

Positive control 

Normal adult human 

serum (A.G.) 

1 : 2 

0.13 

0.60 

J 72 

No paralysis 

P. B.t 


Paralytic 

3 days 

1 : 10 

0.13 

0.60 

J 249 

Paralyzed 6 days 

P. B 


Paralytic 

4 months 

1 :2 

0.13 

0.60 

J 73 

Paralyzed 15 days 

P. B 


Paralytic 

4 months 

1 : 10 

0.13 

0.60 

J 241 

Paralyzed 8 days 

S. S 


Paralytic 

5 days 

1 : 10 

0.13 

0.60 

J 244 

No paralysis 

S. S 


Paralytic 

7 months 

1 : 10 

0.13 

0.60 

J 243 

Paralyzed 8 days 

R. M 


Paralytic 

S days 

1 ;2 

0.13 

0.60 

J 258 

Paralyzed 5 days 

R. M 


Paralytic 

3i months 

1 :2 

0.13 

0.60 

J 257 

Paralyzed 6 days 

G. C 


Paralytic 

3 months 

1 : 2 

0.13 

0.60 

555 

Paralyzed 13 days 

G. C 


Paralytic 

3 months 

1 : 10 

0.13 

0.60 

J 242 

Paralyzed 8 days 

G. M 

13 

Paralytic 

4 months 

1 : 2 

0.13 

0.60 

J 259 

Paralyzed 6 days 

J. c 

8 

Paralytic 

7 months 

1 : 10 

0.13 

0.60 

J 246 

Paralyzed 8 days 

J. s 

3 

Paralytic 

8 months 

1 : 10 

0.13 

0.60 

J 247 

Paralyzed 12 days 


t Bulbar case. 


TABLE X 


Neutralisation tests ivith a strain of virus isolated during the 1935 outbreak 


Patient's initials 

Age 

Type of case 

Time 

after 

onset 

Dilu- 
tion of 
S per 
cent 
virus 

Amount 

of 

virus 

Amount 

of 

serum 

Number 

of 

monkey 

Results 

Meg^ative control 

years | 

Normal monkev serum 


1 : 10 

cc. 

0.13 

cc, 

0.60 

J 250 

Paralyzed 8 days 



* 




Negative control 

Normal monkev serum 

1 ; 10 

0.13 

0.60 

J 271 

Paralyzed 12 days 








Ne.gative control 

Normal monkev serum 

1 :80 

0.13 

0.60 

J289 

No paralysis 








Positive control 

Normal adult human serum (A.G.) 

1 :2 

0.13 

0.60 

J 267 

No paralysis 

R. G 

3 

Non-paralytic 

Non-paralytic 

4 days 

1 :2 

0.13 

0.60 

J 215 

No paralysis 

L . W. 

8 

2 days 

1 :2 

0.13 

0.60 

J 256 

No paralysis 

No paralysis 

R. T 

16 

Non-paralytic 

Paralytic 

Paralytic 

Paralytic 

4 days 

1 :2 

0.13 

0.60 

J 239 

V, C - 

mm 

3^ months 

1 :2 

0.13 

0.60 

J 290 

No paralysis 

E. F 

mm 

3 months 

1 : 2 

0.13 

0.60 

J 266 

No paralysis 

K. F 

■iM 

8§ months 

1 :2 

0.13 

0.60 

J 263 

No paralysis 

D. D 


Non-paralytic 

6 months 

1 : 2 

0.13 

0.60 

J 165 1 

No paralysis 

E. B 


Non-paralytic 

5 3 months 

1 :2 

0.13 

0.60 

J 291 

Paralyzed 7 days 

K. S 

11 

Non-paralytic 

6 months 

1 : 10 

0.13 

0.60 

J 278 

Paralyzed 6 days 
Paralyzed 10 days 
Paralyzed 7 days 
Paralyzed 9 days 
Paralyzed 11 days 

A. D 

2 

Paralytic 

Paralytic 

Paralytic 

Paralytic 

8i months 

1 : 10 

0.13 

0.60 

J 284 

ST 

8 

7 months 

1 : 2 

0.13 

0.60 

J 276 

H. P 

9 

9 months 

1 : 2 

0.13 

0.60 

J 280 

D F 

17 

7§ months 

1 : 2 

0.13 

0.60 

J 264 

M S 

26 

Paralytic 

Paralytic 

7 1 months 

1 : 2 

0.13 

0.60 

J262 

Paralyzed 11 days 
Paralyzed 9 days 
Paralyzed 7 days 
Paralyzed 11 days 

A G 

29 

7 months 

1 :2 

0.13 

0.60 

J 220 

K G 

31 

Paralytic 

7^ months 

1 :2 

0.13 

0.60 

J 275 

s s 

9 

Paralytic 

5 months 

1 : 10 

0.13 

0.60 

J 286 








— 


t This animal was resistant to poliomyelitis virus. The result was not included in the tabulations. 
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now failed to neutralize, a finding in keeping with 
that obtained with the passage virus. 

These two experiments indicated that sera ob- 
tained in the acute and convalescent stages re- 
acted similarly to both strains of virus. Three 
of 6 specimens obtained in the acute stage pro- 
tected against both strains, and 3 failed to neu- 
tralize either strain. Three of 19 specimens ob- 
tained several months after the onset protected 
against both strains, whereas the other 16 neu- 
tralized neither strain of virus. The majority of 
convalescent sera thus failed to protect against a 
strain of virus obtained from the nasal washings 
of a patient in the same outbreak. 

Neutralisation tests in which passage virus and 
sera obtained from 12 to 16 months 
after the onset of the disease 

were used 

Experiment 9. Thirty sera were tested, 24 
from paralytic patients, 5 from non-paralytics and 
1 from a patient who had the encephalitic form. 
Specimens taken from these patients during the 
acute stage and at intervals during the first year 
of convalescence had failed to neutralize the 
virus. The sera from two of the paralytic cases 
and one non-paralytic case taken 12 to 16 weeks 
after the onset neutralized the virus in duplicate 
tests. Thus, 3 of 30 patients apparently devel- 
oped protective substances at the beginning of the 
second year following the illness. Two other per- 
sons whose sera protected during the acute stages 
of the disease were bled a year later in order to 
determine whether the neutralizing substances 
were still present. Both sera again protected, 

DISCUSSION 

Protective substances were found in 14 of 82 
paralytic individuals in the first week of the dis- 
ease ; several of these patients had extensive par- 
alysis. Kling and Levaditi (6), Flexner and 
Amoss (7), and Harmon and Harkins (15) also 
recorded instances in which protective substances 
were detected in the first week of illness. The 
first two authors (6, 7) thought that the de- 
tected neutralizing bodies had developed rapidly 
after the onset, while Harmon and Harkins (15) 
believed that they were present prior to infection. 
We concur with the latter opinion, for protective 


substances were found veiy early in the disease 
and did not develop readily in convalescence. 
The presence of protective substances were dem- 
onstrated in the sera of two patients in the pre- 
paralytic stage, in one patient on the day paralysis 
developed, and in several others as early as one 
and two days after the onset. In one of the 
cases tested by Harmon and Harkins (15) neu- 
tralizing substance was also found in the pre- 
paralytic stage. On the other hand, when 39 
of our 68 patients without protective substances 
in the acute stage were retested during the first 
year of convalescence, protective substances were 
found in the sera of only 2. Moreover, the sera 
of 2 individuals which had neutralizing power in 
the first week of the illness did not show a 
demonstrable increase during convalescence. 
Other observers also found that neutralizing sub- 
stances did not develop readily during convales- 
cence following paralysis (IS, 19). 

Nop-paralytic cases showed protective sub- 
stances in the acute stage of the disease more 
frequently (18 out of 32) than did paralytic cases. 
The neutralizing substances probably were pres- 
ent before the onset and did not develop rapidly 
after the disease set in. Their presence was de- 
tected as early as the first and second day of the 
illness. On the other hand, 11 of the 14 cases 
whose sera had no protective substances in the 
acute stage of the disease when retested several 
months later were still negative. This finding is 
in agreement with that of Paul and Trask (19) 
who found no neutralizing substance in a non- 
paralytic case several weeks and again one year 
after the onset. 

The failure to develop protective substances in 
convalescent sera from paralytic cases also coin- 
cided with the findings of Paul and Trask (19) 
who showed that 6 of 7 sera taken 1^4 to 10 weeks 
after the onset failed to neutralize the virus; 2 
of them when retested a year later still failed to 
neutralize. On the other hand, Jensen (24) re- 
ported the presence of antibodies in paralytic and 
non-paralytic cases within a month after the onset. 
In a recent paper, however. Eagles and coworkers 
(25) stated that a pooled serum obtained from 67 
paraljTic patients approximately 4 weeks after the 
onset failed to neutralize the virus of poliomyelitis. 

The failure of the majoritj' of patients to de- 
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velop protective substances within 6 to 9 months 
after the onset is further confirmed by the nega- 
tive results obtained with a strain of virus isolated 
from the same outbreak. Such findings differ 
from those of Howitt (22) who reported that 
convalescent serum more often neutralized a re- 
cently isolated strain than a passage virus. Like- 
wise, Paul and Trask (19) found that convales- 
cent sera from 6 of 7 paralytic cases neutralized 
a recently isolated strain, whereas only one scrum 
neutralized the passage virus. It is possible that 
the strain used in the present work was more 
closely related to the passage virus than that used 
by the above workers (19, 22), for both strains 
of virus reacted similarly to 25 sera, 6 neutraliz- 
ing and 19 failing to neutralize each strain. 
Moreover, 4 of 6 monkeys with residual paralysis 
that had recovered and were resistant to reinfec- 
tion with FI virus, were resistant also to the other 
strain. One of the 2 which failed to resist, de- 
veloped only a mild attack with a rise in tempera- 
ture and transitory weakness of the arms. On 
the other hand, the above mentioned investigators 
may have obtained neutralization more often with 
their recently isolated strains because they were 
less virulent than the passage strains. Howitt 
(22) indicated that the strain she used did not 
infect with regularity, while Paul and Trask (19) 
mentioned that their virus usually caused a less 
severe form of the disease than did the passage 
virus. 

The absence of protective bodies during the 
first few months of convalescence in 48 of 50 
paralytic and non-paralytic individuals whose sera 
failed to neutralize upon admission was demon- 
strated not only when 0.13 cc. of a 2.5 per cent 
(1:2 dilution of a 5 per cent virus suspension) 
was mixed with 0.6 cc. of serum, but also in many 
instances when tested against much smaller 
amounts of virus. Even though a number of 
sera were tested against 0.13 cc. of 5 per cent 
virus diluted 10 to 64 times, and in one instance 
80 times, they still failed to neutralize. Smaller 
amounts of virus were used in testing these sera 
than most other investigators have employed. 
However, the intracerebral inoculation of a 
virus-serum mixture may not be suitable for the 
demonstration of neutralizing antibodies. Even 


though diluted virus suspensions were used, the 
test still may be too severe. 

A higher incidence of protective substances, 
63 per cent, has been reported (Table I) in con- 
valescent sera from paralytics obtained years after 
the disease, than was found in the present work 
in which the sera were collected within a year of 
onset. Our figure was approximately '22 per cent 
and included neutralizing substances found at the 
onset of the disease (17 per cent), and those 
which developed in convalescence (5 per cent). 
There have been no significantly large number of 
sera taken by any one group of investigators 
within one year of the onset of the disease for 
comparison with the results of the present work. 
The variations in technique would hardly explain 
the different results, for other workers frequently 
obtained neutralization although larger amounts 
of virus suspension were used. Howitt (20b) re- 
ported that pooled convalescent sera from long 
standing cases had a higher titer of neutralizing 
substances than those from recently recovered 
cases. In this investigation, the sera of 24 para- 
l}d:ics which had failed to neutralize during the 
first 9 months of convalescence, were retested 12 
to 16 months after the onset. Two of these 
specimens obtained 14 months after the onset 
from children 7 and 9 years of age neutralized 
for the first time. It is also possible that more 
of these individuals may subsequently develop 
neutralizing substances. If this does occur, is it 
due to the slow development of neutralizing sub- 
stances, is it produced by further exposure to the 
virus resulting in hyperimmunization, or can it 
appear as a result of nonspecific factors as Junge- 
blut and Engle (26) have suggested? It is note- 
worthy that the sera which neutralized at the 
beginning of the second year after the onset were 
obtained in October 1936. However, there was 
practically no poliomyelitis in New York City 
during 1936. The children from whom the sera 
were obtained had not been in a locality where 
poliomyelitis was prevalent. 

Until recently the presence of neutralizing sub- 
stances in the serum was accepted as an index of 
immunity to poliomyelitis. Certain experimental 
and clinical observations, however, do not sup- 
port this view. It has been shown (27, 28) that 
sera of monkeys injected subcutaneously with a 
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subinfective dose of virus may after a few weeks 
neutralize poliomyelitis virus in vitro, even though 
the animals are not able to resist an intracerebral 
or intranasal instillation of potent virus. Further, 
convalescent monkeys which are refractory to re- 
inoculation may show no neutralizing substance in 
their sera (29, 30, 31). Evidence has been pre- 
sented previously to support the contention that 
protective substances were present in 14 of 82 
paralytic patients when the disease developed. 
There was no evidence to indicate that the paraly- 
sis was less extensive in the 14 persons whose 
serum neutralized in the acute stage than in the 
68 whose serum failed to do so. Only 2 of the 
14 had mild paralysis, that is a partial involve- 
ment of one limb, 2 had bulbar involvement, 2 
others showed extensive paralysis of one leg. The 
remaining 8 had involvement of 2 extremities or 
more. Of the 68 whose serum failed to neutral- 
ize in the acute stage, 8 had a mild paralysis, 13 
had involvement of one leg and 9 cases were 
bulbar. The remaining 38 had a muscular paraly- 
sis in at least two extremities. The majority of 
sera tested from the convalescent paralytic pa- 
tients without protective substances in the first 
week of the disease did not develop any as late 
as 12 to 16 months after the onset of the disease. 
Nevertheless, second attacks of poliomyelitis are 
rare. Although one cannot always interpret hu- 
man disease in the light of animal experimenta- 
tion, one may assume an immunity in the ma- 
jority of convalescent poliomyelitis patients in 
the absence of protective substances in the serum. 

On the other hand, the incidence of protective 
substance in non-paralytic patients is greater than 
that in paralytics and approximates that in normal 
individuals of the same age. In the acute stage 
of the disease in non-paralytic patients its pres- 
ence may help to limit the spread of the virus, 
while in the paralytics its frequent absence may 
be a factor accounting for the widespread involve- 
ment in some cases. Very noteworthy was the ab- 
sence of neutralizing substances in the specimens 
of serum taken on admission and one year later 
from a paralytic boy who had had a previous at- 
tack of poliomyelitis in 1933 with residual paraly- 
sis. 

Consequently, it appears that . there must be 
factors other than the presence or absence of pro- 
tective substances in the serum that determine 


the resistance of the host to poliomyelitis. In- 
deed, in interpreting these results, we must con- 
sider the possibility that the neutralizing sub- 
stances are not specific, that is, they may develop 
irrespective of exposure to the virus. The im- 
munity present in the absence of neutralizing 
substances may be cellular rather than humoral. 

The presence or absence of neutralizing sub- 
stances in the acute and convalescent stages was 
not related to the degree of recovery from paraly- 
sis, a finding in agreement with that of Harmon 
and Harkins (15). Howitt (12), on the other 
hand, indicated that some correlation did exist 
between these two factors. We were unable to 
find that the 14 paralytic cases who had neutraliz- 
ing substances in the acute stage improved more 
rapidly than the other 68 who had none. Indeed, 
in three of the 14, the paralysis was progressive. 
Of the two paralytic individuals (Table VIII) 
who developed demonstrable neutralizing sub- 
stances within the first 9 months of convalescence, 
one showed considerable recovery of muscular 
power in several months, while the other improved 
slowly although a progressive increase in neutral- 
izing substances was demonstrated after the 16th 
day. In 16 of 20 whose sera had failed to neu- 
tralize after 7 to 9 months, considerable clinical 
improvement occurred. One bulbar case and two 
spinal-paralytic cases made a complete recovery 
within a month after the onset. 

The protection test offers no aid in the diag- 
nosis of non-paralytic poliomyelitis. In the acute 
stage the proportion of sera from patients over the 
age of 5 that neutralized approximated that for 
normal individuals. Further, 11 of those whose 
sera showed no neutralizing power in the acute 
stage did not develop any within 6 to 7 months, 
thereby failing to give any serological evidence 
that the diagnosis was correct. Clinically, all the 
cases had the typical t 3 'pe of onset and symptoms, 
including pain and stiffness of the neck and back 
with pleocytosis of the cerebrospinal fluid. The 
lack of serological evidence does not invalidate the 
diagnosis, inasmuch as the majority of cases with 
frank paralysis also failed to develop protective 
substances. 

SUMMARY 

1. Neutralization tests carried out with the FI 
strain (monkey passage) of virus on sera ob- 
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tallied from paralytic and non-paralytic cases dur- 
ing an outbreak of epidemic proportions gave the 
following results : (a) Of 82 paralytic cases tested 
during the acute stage of the disease, the sera of 
14 neutralized the virus; (b) 4 of these patients 
were tested in the preparal^^ic stage, and the sera 
of 2 possessed protective bodies; (c) of 32 non- 
paralytic cases tested in the acute stage of the dis- 
ease, the sera o£ 18 neutralized; (d) of 3 encepha- 
litic cases tested in the acute stage, the serum of 
one neutralized; (c) during convalescence only 2 
of 39 paralytics who had no protective substances 
in the acute stage developed them within a few 
months after the onset. Two of 24 individuals 
whose sera had failed previously to neutralize in 
convalescence developed protective substances 12 
to 16 months after the onset; (/) neutralizing 
substances which had not been present in the acute 
stage in 11 non-paralytics also failed to develop in 
the sera tested several months after the onset. 
One of 5 obtained 12 to 16 months after the onset 
neutralized; (g) the sera of 2 cases with encepha- 
litic symptoms likewise failed to protect 5 to 6 
months after the onset. One which was obtained 
12 months after the onset was also negative; (/j) 
two paralytics and one non-paralytic, whose sera 
neuh-alized in the acute stage of the disease, failed 
to show a demonstrable increase of neutralizing 
substances 2 months or longer after the onset. 

2. Sera of 9 of 18 so-called normal individuals, 
over the age of 10, neutralized. 

3. A strain of virus isolated from the outbreak 
from which the bloods were collected was tested 
against the sera and gave results comparable to 
those obtained with the passage (FI) virus. 

4. No evidence of a definite relationship was 
found between the presence of protective sub- 
stances in serum and (1) resistance to poliomye- 
litis, (2) the diagnosis of the non-paralytic form 
of poliomyelitis and (3) the degree of recovery 
from paralysis. 

The authors wish to express their thanks to Dr. 
Thomas M. Rivers and to Dr. Morris Schaeffer for 
their valuable suggestions during the course of this work. 
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tained from paralytic and non-paralytic cases dur- 
ing an outbreak of epidemic proportions gave the 
following results: (a) Of 82 paralytic cases tested 
during the acute stage of the disease, the sera of 
14 neutralized the virus; (b) 4 of these patients 
were tested in the preparalytic stage, and the sera 
of 2 possessed protectwe bodies; (c) of 32 non- 
paralytic cases tested in the acute stage of the dis- 
ease, the sera o£ IS neutralized ; (d) of 3 encepha- 
litic cases tested in the acute stage, the serum of 
one neutralized; (c) during convalescence only 2 
of 39 paralytics who had no protective substances 
in the acute stage developed them within a few 
months after the onset. Two of 24 individuals 
whose sera had failed previously to neutralize in 
convalescence developed protective substances 12 
to 16 months after the onset; (/) neutralizing 
substances which had not been present in the acute 
stage in 11 non-paral34ics also failed to develop in 
the sera tested several months after the onset. 
One of 5 obtained 12 to 16 months after the onset 
neutralized; (g) the sera of 2 cases with encepha- 
litic symptoms likewise failed to protect 5 to 6 
months after the onset. One which was obtained 
12 months after the onset was also negative; (h) 
two paralytics and one non-paralytic, whose sera 
neutralized in the acute stage of the disease, failed 
to show a demonstrable increase of neutralizing 
substances 2 months or longer after the onset. 

2. Sera of 9 of 18 so-called normal individuals, 
over the age of 10, neutralized. 

3. A strain of virus isolated from the outbreak 
from which the bloods were collected was tested 
against the sera and gave results comparable to 
those obtained with the passage (FI) virus. 

4. No evidence of a definite relationship was 
found between the presence of protective sub- 
stances in serum and (1) resistance to poliomye- 
litis, (2) the diagnosis of the non-paralytic form 
of poliomyelitis and (3) the degree of recovery 
from paralysis. 

The authors wish to express their thanks to Dr. 
Thomas M. Rivers and to Dr. Morris Schaeffer for 
their valuable suggestions during the course of this work. 
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Recent observations of sprue (1), pernicious 
anemia (2), tropical macrocytic anemia (3) and 
the pernicious anemia of pregnancy (4) have led 
to the hypothesis that a dietary deficiency of vita- 
min B ^ or some closely allied substance is re- 
sponsible both for the anemia and for the clinical 
manifestations of these diseases. Animal experi- 
ments designed to test this hypothesis (5, 6, 7) 
have yielded results which vary with the species 
of animal employed. This and the fact that 
macrocytic anemia does not occur in animals as 
a spontaneous entity constitute limitations which 
made it seem desirable to study the problem in 
human beings. The occurrence in pregnancy of 
a syndrome which resembles pernicious anemia 
and the other macrocytic anemias in every im- 
portant respect except that it is temporary sug- 
gested that there may develop during that period 
a temporary deficiency of factors necessary to 
prevent macrocytic anemia. If the assumption 
is correct that vitamin B is the responsible factor 
one would expect to encounter a high percentage 
of anemia of this type in women who, by force 
of circumstances, were taking a diet during preg- 
nancy which was deficient in vitamin B. Preg- 
nant patients taking poor diets have been observed 
by Strauss and Castle (8) to develop macrocytic 
anemia late in pregnancy. The subjects of that 
investigation consumed diets deficient in many 
substances, however, and it was impossible to be 
certain whether one alone of the missing factors 
was responsible for the development of the 
anemia. It seemed desirable, therefore, to deter- 
mine whether pregnant women such as those 


1 Aided by a donation from Mr. Samuel S. Eels and 
by a grant from the Faculty Research Committee of the 
University of Pennsylvania. 

-Justice M. Thompson Fellow in Gastro-enterology. 

^ The term vitamin B as used in this paper includes all 
members of the wtamin B complex. Individual members 
are referred to as vitamin B„ B., etc. 


studied by Strauss and Castle would develop this 
form of anemia when their habitually inadequate 
diet was supplemented to bring it to the level of 
full caloric requirements and otherwise adequate 
conditions but without any attempt to supply de- 
ficiency of vitamin B. It may be noted that these 
patients admitted to an obstetrical clinic were sub- 
sisting on a diet deficient in calories as well as 
vitamins. Any resulting anemia under these cir- 
cumstances may be attributable to general nutri- 
tional deficiency or to vitamin inadequacy. It 
was the purpose of this study to determine which 
factor is significant. Every other known essen- 
tial was therefore added to the diet and such 
amounts of vitamin B as had been taken in the 
previous diet continued to be given but no at- 
tempt was made to increase this factor, the im- 
portance or unimportance of taking which was 
the object of the study. By careful clinical ob- 
servation the early signs of vitamin B deficiency 
previously described in a report from this Clinic 
(9) were sought and when detected were promptly 
relieved by the administration of brewer’s yeast 
or liver extract. The present communication is 
a report of studies made chiefly upon the blood, 
gastric secretion and clinical manifestations of 
these women from the 4th month of pregnancy 
to term. 

METHODS OF STUDY 

The subjects of the study were selected from 
among the patients attending the Outpatient Ma- 
ternity Clinics of this and the Pennsylvania Ly- 
ing-In Hospitals. Each subject was examined 
every 10 to 14 days at which time a detailed rec- 
ord was made of symptoms and physical observa- 
tions. Blood was drawn without stasis from an 
antecubital vein. 

Seven clinical phenomena, manifestations of 
vitamin B deficiency, recognizable from previous 
study (9) were watched for in particular. The 
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changes were: alterations of the tongue, gastro- 
intestinal S 3 nnptoms, paresthesias, impaired vibra- 
tor}'^ sense, susceptibility to fatigue, edema and 
tachycardia. The term “ deficiency index ” has 
been used in the text to denote the number of 
these phenomena manifested at any given time by 
each individual. The deficienc}" index ranges 
from 0 to 7. 

The acuity of perception of vibration was de- 
termined with a C tuning fork (12S vibrations 
per second). A standard of reference was ob- 
tained from normal persons who perceived a sense 
of vibration for 20 to 30 seconds when the fork, 
vibrating at maximal intensity, was placed over 


were made in duplicate from smears of blood 
stained immediately with brilliant cresyl blue, 
1000 cells being counted. Morphological changes 
in the cells were observed from smears of blood 
prepared with Wright’s stain. The infants were 
examined and erythrocyte counts and hemoglobin 
estimations were made at birth and at 1, 3 and 9 
months of age. 

RESULTS 

Dietary reqnircmoifs 

The 11 subjects of this report took diets so con- 
stant that the composition, the caloric and the 
protein values could be estimated with accuracy. 


TABLE I 


Chari showing articles composing the diets of Group I 


Vegetables 

Cereals and starches 

Pastry and desserts 

Meat 

Beans (kidney) 

Cornmeal 

Bread 

Veal 

Potatoes 

Cream of wheat 

Crackers 

Lamb 

Turnips 

Cornflakes 

Cake 

Corned beef 

Corn (canned) 

Rice 

Pie: apple 

Frankfurters 

Beets 

Macaroni 

pear 


Spinach 

Onions 

Cabbage 

Rutabaga 

Carrots 

Spaghetti 

Puddings: cornstarch ) without 
rice / milk 

gelatine 

Candies 

Jellies 


Fats 

Seasonings, etc. 

Fruit 

Beverages 

Butter 

Chocolate 

Apples 

Tea 

Mayonnaise 

Cinnamon 

Pears 

Coffee 

Lard 

Molasses 

Grapes 

Grape juice 

Syrup 

Honey, salt, etc. 

Cocoanut 

Gingerale 


any bony prominence of the lower extremities. 
Electrocardiograms and orthodiagrams were made 
several times, as were also gastric analyses in 
which the rate and the acid content of the fasting 
secretion and the acid response to 50 cc. of 7 per 
cent alcohol were determined. Titrations of acid 
were carried out in the usual way with 0.1 normal 
NaOH, using Topfer’s reagent and phenolph- 
thalein as indicators. 

Erythrocyte counts were made in triplicate, us- 
ing pipettes certified by the U. S. Bureau of 
Standards. Hemoglobin values were determined 
by the method of Stadie (10) which permits ac- 
curate determination of hemoglobin concentration 
to within 0.3 gram per 100 cc. of blood. Hemato- 
crit detenninations were made in duplicate using 
Wintrobe tubes. Mean corpuscular volume and 
mean corpuscular hemoglobin were calculated in 
the usual fashion (11). Reticulocyte counts 


Eight subjects hereafter called Group I consumed 
throughout the period of observation a diet com- 
posed of the articles shown in Table I. These 
foods were taken in amounts which supplied ap- 
proximately 50 calories and 1.5 grams of protein 
per kilogram of body weight per day. The vita- 
min B : calorie ratio of this diet was approx- 
imately 1.66. The vitamin B per calorie require- 
ment of these subjects at the beginning of the 
observation, calculated from Cowgill’s ^ formula 
(12), averaged 1.5 (Table'll). Since the caloric 
intake of these women remained essentially con- 
stant throughout observation, their theoretical re- 

yitamin_B _ _QQQQ2g4 Weight grams. 

Although the figure obtained by this formula of Cowgill s 
applies strictly to vitamin B„ it is used here as an index 
of the concentration of other vitamin B fractions since, 
as far as is known, other fractions were present in the 
diet in approximately the same concentration as B,. 
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TABLE II 

The theoretical requirement of vitamin B per calorie* the 
intake of vitamin B per caloric ** and the deficiency 
index of subjects of Group I at various times 
during pregnancy 


Sub- 

ject 

num* 

ber 

Beginning of period 
of observation 

Appearance of definite 
clinical phenomena 

Final examination after 
administration of therapyft 

Days 

of 

preg- 

nancy 

Vitamin 

calorie 

ratio 

required 

\ 

Days 

of 

preg- 

nancy 

Vitamin 

B: 

calorie 

ratio 

required 


Days 

of 

preg- 

nancy 

Vitamin 

B: 

calorie 

ratio 

required 

D. 

1.1 

Days 

01 

ther- 

apy 

1 

82 

■nmi 

1*1 

236 

2.0 

7 

271 

2.1 

2 

35 

2 

102 



264 

1.6 

4 


1.6 

2 

16 

3 

112 


III 

234 

1.7 

6 

269 

1.7 

1 

35 

4 

96 

^B 

0 

233 

1.6 

5 

277 

1,6 

1 

44 

5 

107 

^B 

0 

249 

1.9 

5 

277 


3 

28 

6 

96 

^B 

0 

249 

1.8 

3 

277 

1.8 


28 

7 

62 

1.4 

0 

232 

1.7 

7 

280 

1.8 

R 

48 

8 

138 

1.8 

Kl 

265 

2.2 

6 

279 

2.2 

11 

14 

Aver- 











age 

99 

1.5 

0 

245 

1.8 

5 

276 

1.9 

1 

31 


* From the Coivgill formula (12): ^ =.0000284 

Calories 

Weight grams. 

** Vitamin B per calorie of diet = 1.66. 

tD. I. = deficiency index. 

ft Vitamin B per calorie of diet+therapy=6.5S. 

quirement for vitamin B increased in proportion 
to the increase in weight. On the average, at 
the 24Sth day of pregnancy this theoretical re- 
quirement exceeded the vitamin B per calorie con- 
tent of the diet. At approximately this same 
time, also, definite clinical evidence of vitamin B 
deficiency was observed and the characteristic 
blood changes to be described were noticed. As 
soon as these changes became clearly recognizable 
21 grams of brewer’s yeast® were administered 
orally or 2 cc. of liver extract ® were given intra- 
muscularly daily until the termination of preg- 
nancy. These materials increased the vitamin B 
per calorie intake to 6.55, far exceeding the vita- 
min B requirement. Following this procedure all 
clinical evidence of deficiency disappeared and 
blood values returned toward normal. 

Group II includes 3 subjects who habitually 
consumed a normal varied diet, having an average 
vitamin B ; calorie ratio of 2.8 (Table III). The 
vitamin B per calorie requirement of this group 
at no time exceeded the vitamin B content of the 
diet and no definite clinical evidence of deficiency 
or characteristic alterations in the blood were 
encountered. 

®This material was kindly supplied as “Brewer’s 
Yeast-Harris ’’ through the courtesy of the Harris Lab- 
oratories, Tuckahoe, N. Y. 

® Liver extract no. 343 (Lilly) for intramuscular use. 


TABLE III 

The theoretical requirement of vitamin B per calorie, the 
intake of vitamin B per calorie and the deficiency 
index of subjects of Group II at various times 
during pregnancy 


j 

Sub- 

ject 

num- 

ber 

Vitamin . 

B;, ; 
calorie 
ratio 1 
of diet 1 

Beginning of period 
of observation 

8th to 9th 
month 

Final ^ 
examination 

Days 
of , 
preg- : 
nancy j 

Vitamin , 
B: 

calorie ' 
ratio 
required 

D. 

1. 

Dai’S 
of , 
preg- 
nancy I 

Vitamin 

B:, 

calorie 

ratio 

required 

D. 

I. 

! 

Days 

of 

preg- 
nancy j 

Vitamin , 
B:, , 
calorie ; 
ratio 1 
required 

1 

1 

3.4 

69 

1.3 


220 

1.5 


273 


ra 

2 

2.5 

125 

1.5 

0 

' 224 

1.7 


273 


III 

3 

2.3‘ 

120 

1.5 

Q 

i 246 

1.9 

3 

267 

1.9 

mm 

Aver- 











age 

2.8 

! 101 

1.4 

0 

mu 

1.7 

1 

271 

1.7 

0 


* 21 grams of brewer’s yeast administered to this subject 
from the 2S3d to the 267th day of pregnancy increased to 
10.2 the Vitamin B: calorie ratio of her diet during that 
time. 

Adequate intake of vitamins A, C and D and 
of iron, in addition to adequate protein and total 
calorie intake, was assured for both groups by 
the daily addition to the diet of 150 cc. of orange 
juice, one tablet of halibut liver oil concentrate 
with viosterol and 6 grains of ferrous sulphate.® 

Changes in the blood 

The following characteristic changes in the 
blood developed during pregnancy in all of the 
subjects of Group I : decrease in the number of 
red blood cells, increase in mean cell volume and 
in mean cell hemoglobin, macrocytosis, reticulo- 
cytosis, and the appearance of many polychro- 
matic cells, poikilocytes and young white cells. 
These changes were greatest at the time that the 
diet became theoretically inadequate in vitamin 
B and when the clinical manifestations were 
definite. The maximal changes in blood values 
of the subjects of this group are given in Table 
IV. The average number of red blood cells de- 
creased 18 per cent and the mean cell volume in- 
creased 21 per cent. There was a slight fall in 
hemoglobin early in the period of observation 
which did not equal the fall in red cells, so that 
the mean cell hemoglobin increased on the aver- 
age 14 per cent. The mean cell hemoglobin in- 
creased further in certain subjects later in the 

' Obtained from E. R. Squibb and Sons. 

® Feosol was kindlj- supplied by the Smith, Kline and 
French Co., Pliila. 
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period of observation but before vitamin B ther- 
apy was begun. This was clue to a return toward 
normal of the total hemoglobin values without in- 

TABLE IV 


Maximal change in blood values of subjects of Group I 


Sub- 

ject 

blood 

values 

Blood values at time of 
greatest anemia 

num- 

ber 

R.B. 

C. 

Hgb. 

Hema- 

tocrit 

M. C. 
V.* 

M. C.t 
Hgb. 

n. B. 
C. 

Hgb. 

Hema- 

tocrit 

M.C. 

V. 

M.C. 

Hgb. 

1 

2 

3 

5 

6 

7 

8 

mil- 

lion$ 

3.65 

4.28 

4.74 

3.33 

3.90 

3.79 

4.00 

3.76 

fframt 

po- 

rn 

cc. 

13.0 

13.1 

13.2 
10.9 
12 6 
12.8 
13.5 
13.4 

rol- 

IWIM 

po 

cent 

37.0 
40.4 

41.2 

35.0 

38.2 

39.2 
39.7 

40.1 

104 

04 

93 

107 

03 

103 

90 

107 

ffromi 

X 

lO-l! 

35.0 

30.7 

27.8 

32.0 
32.2 

33.8 
33.8 
35.5 

mil- 

lions 

3.01 

3.29 

3.67 

2.99 

3.14 

2.95 

2.81 

3.70 

cramt 

per 

too 

ce. 

11.3 
11.9 

14.0 
11.6 

12.3 

11.0 

11.3 
12.0 

rol- 

umrs 

per 

cent 

37.4 

38.9 

45.3 

35.3 

38.1 
35.0 
34.7 

42.2 

P’ 

124 

118 

117 

128 

121 

121 

124 

111 

prams 

X 

lO-u 

37.5 

36.3 

30.2 
38.7 

39.2 

37.2 

40.3 
33.9 

Aver- 

ogo 

3.93 

12.8 

39,0 

100 

32.7 

3.23 

12.0 

3S.8 

121 

37.4 

Per 

cent 

of 

ebange 
















-18.0 

-6.0 

-0.5 

-b21.0 

+14.0 


*■ M. C. V. — Mean corpuscular volume, 
f M. C. Hgb. = Mean corpuscular hemoglobin. 


crease in the number of red cells. Alterations 
in the blood first appeared 1 to 3 months after 
observations were begun, concomitant with the 
first appearance of clinical evidence of deficiency 
(Figures 1, 2 and 3). These changes Avere at 
first slight, becoming clearly recognizable only 
later at which time therapy was begun. The per- 
centage of reticulocytes gradually increased until 
the administration of vitamin B was commenced, 
the average maximum being 3.5 per cent. Dis- 
tinct variation in size of the red cells was no- 
ticeable at this time (Figures 4 and 5). Pale 
staining macrocytes were frequent, as were poi- 
kilocytes, polychromatic cells and immature white 
cells. 

CUmcal observations 

The symptoms and physical signs which ap- 
peared in the subjects of Group I during the 
period of observation were characteristic (Table 
V). Alterations in the tongue and neurological 
changes occurred in all subjects, the other char- 
acteristic signs being less constant. The intensity 



Fig. 1. Changes in Average Blood Values of 3 Subjects of Group I Who Received 
Therapy During the 8th and 9th Months of Pregnancy. 

Ret. = Reticulocytes. M. C. V. = Mean corpuscular volume. D. I. = Deficiency Index. 
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TAItl.r. V 

Clinical observations on subjects of Group I: Their incidence, 
and time of relief following vitamin B therapy 


1 

Clinical observations 

i 

Nil in- j 
her of 
sul)- 
jeets 
af- 
fected 

-AvemKo 

time 

of 

relief 

after 

tlierapy 

Tonejue clianijes 

S 

days of ttirritl>y 

14 (5-39*) 

18 (9-28) 

14 (9-25) 

I 26 (9-35) 

17 (7-25) 
n(5-14) 

24 (17-35) 

19 (9-25) 

Parestlicsias 

7 

Susceptibility to fatiijue 

6 

Edema 

5 

Gastro-intestinal s\’mptoms 

5 

Blood cliantjes 

8 

Impaired vibratorv sense 

8 

Tachycardia 

4 




* Figures in pareiUiieses represent ninxiniuni variations 
from the average. 

t This figure represents time of first definite cliange in 
reticulocyte count. 

of the manifestations varied among the individ- 
uals (for details see protocols), but once present 
each symptom or ph 3 'sical sign, at first so mild 
as to escape casual observation, persisted, usually 
increasing until therapy was begun (Figures 1, 2 
and 3). The first changes noticed were those in 
the tongue. These changes started at the edges 


of the longue and later spread over the dorsum; 
the)' varied from slight reddening, with or with- 
out loss of papillae, to ulceration. The ulcers 
were shallow, at first discrete, later coalescing, 
with smooth red bases atid white aphthoid edges. 
'I'liey were painful, and in one of the subjects 
were associated with ulcers of the lips. Changes 
in the tongue always preceded gastro-intestinal 
.s)'mploms and occurred at approximately the time 
when the women first complained of being easily 
fatigued. The earliest gastro-intestinal symptom 
was anorexia, followed b}- heartburn or a sense 
of constant fullness in the epigastrium. Dys- 
phagia was present in 2 subjects. Nausea and 
vomiting were rare. Constipation was the rule, 
hut abdominal cramps with intermittent diarrhea 
occurred twice. 

Edema, extensive in one instance, was manifest 
in most subjects as slight pitting on pressure over 
the tibiae. An average increase in the pulse rate 
of 16 per minute occurred. The cardiac rate fre- 
quently was unstable. Prominence of the pul- 
monaiy artery was seen on orthodiagraphy in 
one-third of the subjects. No characteristic 
change in resting blood pressure was observed. 



Fig. 4. Photo.micrograph of the Blood of Subject Number 7 at the Tijie of 
A'Iaximal Anemia. X 774. Wright’s Stain. 
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Fig. S. Photomicrograph of the Blood of Subject Number 1 at the Time of 
Maximal Anemia. X 774. Wright’s Stain. 


Impairment of vibratory sensation, which was 
always preceded by paresthesias, occurred to some 
degree in the lower extremities of all patients. 
Decrease in the duration of the perception was 
the first change noticed. This gradually pro- 
gressed until, in some instances, the sense of vi- 
bration was temporaril}^ lost : first in the great 
toe, and, in certain subjects, in all the toes and 
over the malleoli and tibiae. 

Gastric acidity and rate of secretion 

No characteristic change in gastric acidity de- 
veloped in either group. In 3 individuals of 
Group I it decreased, in 3 it increased and in 2 
no change occurred (for details see protocols). 
The rate of secretion was quite constant, the av- 
erage figure for all subjects being 44 cc, per 
hour both before and after therap3^ 

Response to therapy 

The administration of brewer’s 3'east or liver 
extract produced relief from all characteristic 
changes observed (Figures 1 , 2 , 3 ). No sig- 


nificant difference in the effectiveness of these 
two therapeutic agents was noticed. The per- 
centage of reticulocytes decreased promptl3’’ to a 
level below that observed at any time during the 
preceding period of observation, and other 3mung 
forms disappeared from the blood. In some sub- 
jects the decline in reticuloc3'tes was preceded b3' 
a brief rise, the maximal count observed being 
5.6 per cent. The mean corpuscular volume and 
the mean corpuscular hemoglobin declined stead- 
ih'j the red cells and the total hemoglobin in- 
creased. The blood values returned most nearl3' 
to normal in those subjects who received the 
longest course of therap3’. An independent in- 
crease in total hemoglobin occasionall3' took place 
before 3'east or liver therap3’ was begun ; this ivas 
attributed to the administration of iron with the 
diet. 

The clinical disturbances also responded 
promptl3' to therap3’ (Table V). Improvement 
in lingual changes and freedom from fatigue 
were the first effects noticed, on the average, 14 
da3’s after therapv was begun. In generrd, the 
phenomena first to appear were first to disapjiear. 
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Before delivery, all the subjects were free of sig- 
nificant symptoms and physical signs, except for 
slight impairment of vibratory sense in two sub- 
jects and for edema in one. 

All subjects were delivered of full term normal 
infants who have developed normally. 

Obscrz’atioiis on Croup II 

No striking changes were observed in the blood 
values of Group II (Table VI, Figure 6). In 
the late months of pregnancy a 7 per cent increase 
in mean corpuscular volume occurred and occa- 
sional macrocytes appeared in the blood smear 
(Figure 7). Subject 3, whose theoretical re- 
quirement of vitamin B had increased more than 


TAni-K VI 


Maximal chan/^c itt blood values of Group II 


Sii!h 

jpct 

mim- 

l>cr 

IiiilinI lilnoil 
valiir.s 

Hlnod valuer at time of 
maximal chance 

it.n. 

C. 

Ih:!.. 

Hcitin- 

tocril 

.M.C 

V. 

M. C. 

H. n. 
c. 

Hel). 

Hema- 

tocrit 

M. C. 

M.C 

Hcl). 

I 

o 

3 

mil- 

lion.1 

.1.07 

•1.17 

3.S2 

grama 

j)fr 

100 

cc. 

M..1 

11.2 

1.1.2 

Tol- 

umca 

V'r 

cent 

.1S.7 

■12.(1 

.10.0 

!•’ 

OS 

01 

ini 

grama 

X 

/0-I5 

33 

.11.7 

31..') 

mil- 

liona 

.1.S1 

■l..';f) 

3Sf) 

grama 

Vr 

100 

cc. 

13.1 

13.1 

1.1.7 

roU 

umca 

per 

cent 

■11.1 

4.5.3 

42.5 

o’ 

100 

00 

110 

grama 

X 

lO-i: 

35.1 

20.3 

35.5 

Aver- 

nfie 

i 

4.00 

I.I.fi 

■10.2 

00 

.13.2 

■l.OS 

13.,1 

43.1 

lOG 

33.3 

Pc.' 

cent 

of 

cimiicc 






-0.2 

-0.7 

-f-7.0 

-f-7.0 

-fO.3 



Fig. 6. Average Blood Values of Subjects of Group II. 


that of other members of the group, developed 
sore tongue and paresthesias, clinical disturbances 
similar to the earliest shown by the subjects of 
Group I. Both the clinical disturbances and the 
blood changes in this woman responded promptly 
to the administration of brewer’s yeast. It must 
be concluded that the diet of this individual, 
though theoretically adequate, failed in the last 
months of pregnancy to meet entirely the in- 
creased requirement of vitamin B. This suggests 
that the optimum requirement is, in some in- 


stances, greater than that indicated by the theo- 
retical calculations. 

DISCUSSION 

The changes in the blood observed in Group I 
were characteristic of those known to exist when 
the bone marrow is hyperplastic, viz., moderate 
anemia, associated with the presence of immature 
cells. A substance necessary for normal bone 
marrow activity, lacking in the habitual diet, was 
supplied by yeast or by liver extract. That the 
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retuvn toward normal blood values was dependent 
upon the administration of that substance and was 
not a spontaneous improvement, such as some- 
times occurs late in the microcytic anemia of 
pregnanc}’ (13), is shown by the fact that im- 
provement took place only after therapy was be- 
gun, regardless of tlie time in pregnancy, and that 


acteristically seen in pernicious anemia, sprue, 
tropical macrocytic anemia, pernicious anemia of 
pregnancy and the mild macrocytic anemia of 
pregnancy observed by Strauss and Castle. In 
the present observations these changes took place 
during a period when the intake of food contain- 
ing vitamin B was inadequate and were relieved 
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Fig. 7 . PHoroiricROGRArH of the Blood of Subject Number 2 of Group II. X 774. 

Wright’s Stain. 


the return toward normal was greatest in those 

subjects who received the longest course of ther- 
apy. 

The clinical disturbances in the subjects of 
Group I formed a characteristic syndrome involv- 
ing chiefly the gastro-intestinal tract and the ner- 
vous sj'stem and were similar to those observed in 
n previous study of clinical vitamin B deficiency 
(9). The individual variation in intensity of 
these manifestations was interesting and suggests 
either that minor changes in the diet or environ- 
ment or individual differences in susceptibility 
may alter considerably the manifestations of a 
given deficiency. 

Both the clinical disturbances and the altera- 
tions in blood values were analogous to those char- 


by therapeutic agents known to be rich in vitamin 
B. Further identification of the substance re- 
sponsible for the changes noticed must remain 
incomplete until various factors now grouped to- 
gether as vitamin B are identified and separately 
tested. 

It is interesting to observe that the entire s\’n- 
dronie occurred without consistent change in gas- 
tric acidity. This suggests that, while altered 
gastric secretion of acid may be a late result of 
deficiency, it is not the cause of the syndrome. 

The close correlation of a calculated deficiency 
in vitamin B with the actual deficiency suggests 
that the formula of Cowgill indicates appro.xi- 
mately the sufficiency of the diet in vitamin B. 
The vitamin B requirement apjiears to increase 
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during prcgnanq- with gain in wciglit in accord- 
ance with this formula, a fact, which as demon- 
strated !)}• tlic present stud}', has suggested the 
important inference that a diet, adecjuale in vita- 
min B at the outset of jn-egnanev. may fail P) 
meet the increased demand for that vitamin late 
in ])regnancy. 

SUM MAKY 

1. Characteristic hematological changes and 
clinical phenomena which developed in S pregnant 
women have been related to a diet aderjiiate except 
for the amount of vitamin B n'hich it contained. 

2. The blood changes were : flecrease in num- 
ber of erythrocytes, increase in mean corpuscular 
volume and mean corpuscular hemoglobin, niacro- 
evtosis, reticulocytosis. the appearance in the blood 
smear of many polychromatic cells, of j)oilciIocytes 
and of immature white ceils. 

3. The clinical disturbances encountei'cd were; 
glossitis and ulceration of the tongue, impairment 
or loss of vibrator}' sense, tacliycardia, edema, 
gastro-intestinal symptoms, easih' induced fatigue 
and paresthesias. 

4. The blood and clinical changes responded to 
brewer’s yeast orally or to liver extract intra- 
muscularly. 

5. The clinical disturbances appeared, in gen- 
eral, when calculations based on CowgilVs formula, 
indicated a deficiency in vitamin B. 

I am indebted to the members of the Obstetrical Staf¥s 
and of the Social Service Departments of the Pennsyl- 
vania Lying-In Hospital and of this hospital for their 
cooperation. I am indebted also to members of the Ed- 
ward B. Robinette Foundation for their assistance in 
taking electrocardiograms and orthodiagrams and to Dr. 
J. Harold Austin for his aid in preparation of the manu- 
script. The assistance of Miss I. M, Dworak, of the 
Dietetic Division of this hospital, in calculating the di- 
etary requirements of the subjects is gratefully acknowl- 
edged. 

BIBLIOGRAPHY 

1. Castle, W. B., Rhoads, C. P., Lawson, H. A., and 

Payne. G. C., Etiology and treatment of sprue. 
Observations on patients in Puerto Rico^and sub- 
sequent experiments on animals. Arch. Int. Med., 
1935, 56, 627. 

2. Strauss, M. B., and Castle, W. B., The nature ot 

tlm extrinsic factor of the deficiency state in per- 
nicious anemia and in related macrocytic anemias. 
New England J. Med., 1932, 207, 55. 

3. Wills. L.. Treatment of pernicious anemia of preg- 


nancy and tropical anemia, with special reference 
to yea.st extract as curative agent. Brit. M. J , 
I9.H. 1, 1059. 

•!. M'ill.s, I,., and .Mehta, .M. M„ Studies in the pernicious 
anemia of pregnanev. Indian J. M. Research, 
19.30, 17, 177. 

5. .Miller, D. K., and Rlioads. C. P.. The c.x[)crimcntal 

[nvifhicthm of loss of hematopoietic elements of the 
gastric .secretion and of the liver in swine with 
achlorhydria and anemia. J. Clin. Invest., 1935, 
14, 153. 

6. W'ills, L,. and Stewart, A., Experimental anemia in 

monkeys with special reference to macrocytic nu- 
tritional anemia. Brit. J. Exper. Path., 1935, 16, 
444, 

7. Spies, T. D.. and Dowling, A. S., I'he c.xperimental 

production of anemia in dogs by means of a black- 
tongnc-prodticing diet. .Am. J. Phvsiol., 19,35, 114, 
25. 

iS. Strauss, M, B., and Castle, W. B., Studies of anemia 
in pregnancy; etiologic relationship of gastric se- 
cretory defects and dietary deficiency to Iwpo- 
chromic and macrocytic (pernicious) anemias of 
pregnancy and treatment of these conditions. Am. 
J. .M. Sc’, 1933, 185, 539. 

9. Elsom, Iv. O'S., Experimental study of clinical vita- 
min B deficiency. J. Clin. Invest., 1935, 14, 40. 

10. Stadic, \y. C., A method for tlie determination of 

mcthemoglobin in blood. J. Biol. Chem., 1920, 41, 
237. 

11. ^\'introbe, M. M., The size and hemoglobin content 

of tite erythrocj’te. jMcthods of determination and 
clinical application, J. Lab. and Clin. Aled., 1931- 
32, 17, 899. 

12. Cowgill, G. R., The vitamin B requirement of man. 

Yale University Press, New Haven. 1934. 

13. Strauss, M. B., and Castle, W. B., Studies of anemia 

in pregnancy. II. The relationship of dietary de- 
ficienc}’ and gastric secretion to blood formation 
during pregnancy. Am. J. M. Sc,, 1932, 184, 663. 


TYPICAL PROTOCOLS OF GROUP I 


(Observations recorded in these protocols are 
those wade at the beginning- of the period of ob- 
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lows ; P = Pulse ; BP = Blood pressure; RBC = 
Red blood cells (millio- = Hemoglobin 
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Subject 7 {D. P.) : 21 years; para 0 

December 19, 1934: Original observations on 
subject 62. days pregnant. No symptoms, physi- 
cal examination normal. P 88; BP 116/72. 
Gastric analysis — ^Fasting contents: cc. of juice 
per hour 20; free HQ 56, T.A. 60; 40 minutes 
after alcohol : free HCl 48, T.A. 58. RBC 4.00; 
Hgb 1-3.5; Hemcrt 39.7; MCV 99; MCHgb 34. 

June 7 , 1935: Painful ulcers of the tongue have 
developed and several of them have coalesced into 
one which involves most of the dorsum. This 
large ulcer is shallow, the base is red, and the 
edges are white. Similar ulcers of the angles of 
the mouth are present. Vomiting occasionally, 
and intermittent diarrhea is present. Vibratory 
sensation is impaired over all the toes. Moderate 
edema over the tibiae. Complains of dysphagia, 
burning in the esophagus, epigastric distress after 
eating and abdominal cramps. Appetite is very 
poor. Tires easily. P 88; BP 110/74. EKG: 
unstable rate. Gastric analysis — Fasting con- 
tents: cc, of juice per hour 40; free HCl 54, T.A. 
60; 40 minutes after alcohol: free HCl 44, T.A. 
SO. RBC 2.81 ; Hgb 1 1.3 ; Hemcrt 34.7 ; Ret 2.1 ; 
MCV 124; MCHgb 40; macrocytosis, occasional 
megalocytes, polychromasia, occasional poikilo- 
C3^es. 

June 9: Liver extract, 2 cc., given intramuscu- 
larly, to be continued for the remainder of ob- 
servation. June 13: Ret 3.1. June 18: Ret 5.4. 
June 22: Ret 0.1. 

June 25: During the last 17 days has received 
2 cc. of liver extract intramuscularly daily. Ex- 
cept for slight continued anorexia is without 
symptoms and considers herself perfectly well. 
Ulcers of the tongue and lips are entirely healed, 
vibratory sense is normal, no edema. P 120; BP 
122/88. EKG: unstable rate. Gastric analysis 
— Fasting contents: cc. of juice per hour 52, free 
HCl 30, T.A. 36 ; 40 minutes after alcohol : free 
HQ 42, T.A. 58. RBC 3.45 ; Hgb 11.6 ; Hemcrt 
36.7; Ret 0.1; MCV 106; MCHgb 34. The 
blood is normal in appearance, except for a mod- 
erate number of macrocytes. The administration 
of liver extract is discontinued and brewer’s yeast 
is to be taken orally until delivery'. 

July 25: Delivered of a full term normal male 
infant weighing 8 pounds and 15 ounces. 


Subject 3 (E. C.): 19 years; para O 

January 27, 1935: Original observations on sub- 
ject 112 days pregnant. No symptoms; physical 
examination is negative. P 72; BP 106/76. 
Gastric analysis — ^Fasting contents: cc. of juice 
per hour 60, free HCl 0, T.A. 18; 40 minutes 
after alcohol : free HCl 12, T.A. 32. RBC 4.74 ; 
Hgb 13.2; Hemcrt 41.2; MCV 93; MCHgb 28. 

April 13: The tongue is smooth and red. Vi- 
bratory sense is normal, there is slight edema over 
the tibiae. Complains of dysphagia, of marked 
heartburn and of epigastric distress after eating. 
Appetite is very poor. Constipation is marked. 
Intermittent abdominal cramps. Severe pares- 
thesias and cramps in the legs. Tires very easily. 
P 112; BP 106/68. EKG: unstable rate. Gas- 
tric analysis — ^Fasting contents: cc. of juice per 
hour 36, free HCl 0, T.A. 6; 40 minutes after 
alcohol: free HCl 2, T.A. 8; excessive mucus in 
all specimens. RBC 3.87; Hgb 14.0; Hemcrt 
45.3; Ret 2.1; MCV 117; MCHgb 36.2; macro- 
C 3 dosis, polychromasia, occasional poikilocytes. 
The administration of 21 grams of brewer’s yeast 
daily is begun. April 20 ; Ret 2.6. May 5 : Ret 
1.9. 

May 18: Except for mild heartburn is without 
symptoms and considers herself perfectly well. 
The tongue is still redder than normal but the 
papillae have regenerated. Vibratory sense is 
normal. No edema. P 84; BP 102/78. Gas- 
tric analysis — Fasting contents: cc. of juice per 
hour 88, free HCl 8, T.A. 12; 40 minutes after 
alcohol: free HCl 32, T.A. 40; no mucus. RBC 
4.65; Hgb 15.6; Hemcrt 47.6; Ret 1.5; MCV 
102; MCHgb 34. The blood is normal in appear- 
ance except for a moderate number of macrocytes. 

May 29: Delivered of a full term normal female 
infant weighing 7 pounds and 2 ounces. 

Subject 1 (C. G.); 22 years; para II 

February 11, 1935: Original obsen'ations on 
subject 82 days pregnant. Slight dysphagia, 
physical examination negative. P 84; BP 
106/64. Gastric analysis — Fasting contents: cc. 
of juice per hour 68, free HQ 16, T.A. 44; 40 
minutes after alcohol: free HQ 4, T.A. 18. 
RBC 3.65; Hgb 13.0; Hemcrt 38.0; MCV 104; 
MCHgb 36. 

April 15: The tongue is smooth, red and pain- 
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ful. History of alternating constipation and di- 
arrhea. Vibratory sense is lost over the great 
toes and impaired elsewhere in the lower ex- 
tremities. Edema is moderate over the tibiae.- 
Complains of marked dysphagia and heartburn. 
The appetite is poor and epigastric distress occurs 
after eating. Severe paresthesias and cramps in 
the lower extremities. Tires easily. P ICXD; BP 
114/84. Gastric analysis — Fasting contents: cc. 
of juice per hour 20, free HCl 38, T.A. 58; 40 
minutes after alcohol : free PICI 26, T.A. 36. 
RBC 3.01; Hgb 11.3; Hemcrt 37.4; Ret 4.0; 
MCV 124; MCHgb 38; macroc34osis, frequent 
megalocytes, occasional poikilocytes, moderate 
polychromasia. The administration of 21 grams 


of brewer’s yeast daily is begun. April 22: Ret 
5.4. April 27; Ret 5.1. May 4: Ret 2.8, May 
15: Ret 2.5. 

May 20: Slight anorexia and occasional diar- 
rhea, otherwise free of symptoms. The tongue is 
normal in appearance. Vibratory sense is nor- 
mal. Slight edema. P 88; BP 116/78. Gastric 
anal^'si.s — Fasting contents: cc. of juice per hour 
52, free FI Cl 8, T.A. 16; 40 minutes after alcohol; 
free FI Cl 28, T.A. 38. RBC 3.36; Hgb 11.7; 
FIcmert 38.6 ; MCV 115; MCHgb 35. There are 
occasional macrocytes, poikilocytes and some poly- 
chromatic cells. 

May 29: Delivered of a full term normal female 
infant weighing 7 pounds and 3 ounces. 
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In 1929 Lewy and Weisz (1) stated that per- 
sons having contact with lead exhibited an in- 
crease in the excitability of the nerves and muscles 
which could be demonstrated chronaximetrically 
several months before clinical symptoms appeared. 
That this method might prove valuable as a 
means of detecting preclinical evidence of periph- 
eral neuritis due to vitamin B deficiency was sug- 
gested in 1934 when Lane and Lewy (2) encoun- 
tered chronaximetric changes in a group of fac- 
toiy workers taking a vitamin B deficient diet 
but in whom clinical evidence of vitamin B de- 
ficiency had not yet developed. To test further 
the value of this method in demonstrating early 
vitamin B deficiency, repeated chronaximetric ex- 
aminations were made upon the group of preg- 
nant women described by Elsom (3) in the pre- 
ceding paper. Examinations were carried out 
early in the observation of these subjects, after 
addition to the diet of yeast or of liver extract 
and following delivery. The results of these 
examinations are given in the present com- 
munication. 

METHODS OF STUDY 

Chronaximetric examinations were made at 
each visit. Unless otherwise stated the radial 
nerve was used. The tests were made indepen- 
dently of the other procedures carried out so 
that not until after the deliveiy of each subject 
was this examiner aware of the associated ob- 
servations made by Elsom (3). 

The theory and technique of chronaximetric 
measurement have been described in detail else- 
where (4) . Suffice it to state here that chronaxie 
is a measurement of the time a current of doubled 
threshold value must pass through a tissue in 
order to elicit the first muscle twitch or the first 
sensation. In the present examinations the time 
was determined with currents not only double the 
threshold \’alue, but also with five or six more 
lvalues. 


From the information so obtained, a strength 
duration curve could be constructed characteristic 
of the nerve irritability. It is believed that re- 
peated examinations of this type are necessary 
to obtain an accurate picture of the chronaxie 
for each individual. 

RESULTS 

In Table I are given the results of chronaxi- 
metric examinations in eight subjects as compared 
with clinical and blood changes observed in these 
persons at various times throughout the period 
of observation. 

Subject 1 is an example of the fact that the 
chronaxie may become abnormal before clinical 
evidence of vitamin B deficiency had been de- 
tected. This was indicated by overexcitability of 
the radial nerve. Two weeks after the adminis- 
tration of brewer’s yeast the chronaxie again be- 
came normal at the same time that clinical evi- 
dence of deficiency disappeared. Following de- 
livery, this patient failed to continue the pre- 
scribed yeast and, when examined three weeks 
later, the radial nerve was again found over- 
excitable although no clinical evidence of de- 
ficiency was as yet manifest. 

In Subject 8 likewise chronaximetric changes 
preceded the appearance of clinical evidence of 
deficiency. In this individual both clinical and 
hematological changes were more extensive than 
in Subject 1. This severity was reflected in the 
chronaximetric observations by a change from 
overexcitability of the radial nerve to a condition 
of underexcitability, a phenomenon which is 
known to occur in more advanced stages of pe- 
ripheral neuritis. Following the inauguration of 
ritamin B therapy gradual return tou’ard normal 
was noted in all types of obsen-ations so that at 
the time of delivery all examinations were 
negative. 

Obsei~vations similar to those described above 
were made in eacli of the eight women studied. 
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ful. History of alternating constipation and di- 
arrhea. Vibratory sense is lost over the great 
toes and impaired elsewhere in the lower ex- 
tremities. Edema is moderate over the tibiae. - 
Complains of marked dysphagia and heartburn. 
The appetite is poor and epigastric distress occurs 
after eating. Severe paresthesias and cramps in 
the lower extremities. Tires easily. P 1(X); BP 
114/84. Gastric analysis — Fasting contents: cc. 
of juice per hour 20, free HCl 38, T.A. 58; 40 
minutes after alcohol: free PICl 26, T.A. 36. 
RBC 3.01; Hgb 11.3; Hemcrt 37.4; Ret 4.0; 
MCV 124; MCHgb 38; macrocj'tosis, frequent 
megalocytes, occasional poikilocytes, moderate 
polychromasia. The administration of 21 grams 


of brewer’s yeast daily is begun. April 22: Ret 
5.4. April 27: Ret 5.1. May 4: Ret 2.8. May 
15: Ret 2.5. 

May 20: Slight anorexia and occasional diar- 
rhea, otherwise free of symptoms. The tongue is 
normal in appearance. Vibratory sense is nor- 
mal. Slight edema. P 88; BP 116/78. Gastric 
analysis — Fasting contents: cc. of juice per hour 
52, free HCl 8, T.A. 16; 40 minutes after alcohol: 
free HCl 28, T.A, 38. RBC 3.36; Hgb 11.7; 
I-Icmcrt 38.6 ; MCV 115; MCHgb 35. There are 
occasional macrocytes, poikilocytes and some poly- 
chromatic cells. 

May 29: Delivered of a full term normal female 
infant weighing 7 pounds and 3 ounces. 
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In 1929 Lewy and Weisz (1) stated that per- 
sons having contact with lead exhibited an in- 
crease in the excitability of the nerves and muscles 
which could be demonstrated chronaximetrically 
several months before clinical symptoms appeared. 
That this method might prove valuable as a 
means of detecting preclinical evidence of periph- 
eral neuritis due to vitamin B deficiency was sug- 
gested in 1934 when Lane and Lewy (2) encoun- 
tered chronaximetric changes in a group of fac- 
tory workers taking a vitamin B deficient diet 
but in whom clinical evidence of vitamin B de- 
ficiency had not yet developed. To test further 
the value of this method in demonstrating early 
vitamin B deficiency, repeated chronaximetric ex- 
aminations were made upon the group of preg- 
nant women described by Elsom (3) in the pre- 
ceding paper. Examinations were carried out 
early in the observation of these subjects, after 
addition to the diet of yeast or of liver extract 
and following delivery. The results of these 
examinations are given in the present com- 
munication. 

METHODS OF STUDY 

Chronaximetric examinations were made at 
each visit. Unless otherwise stated the radial 
nerve was used. The tests were made indepen- 
dently of the other procedures carried out so 
that not until after the delivery of each subject 
was this examiner aware of the associated ob- 
servations made by Elsom (3). 

The theory and technique of chronaximetric 
measurement have been described in detail else- 
where (4) . Suffice it to state here that chronaxie 
is a measurement of the time a current of doubled 
threshold value must pass through a tissue in 
order to elicit the first muscle twitch or the first 
sensation. In the present examinations the time 
was determined with currents not only double the 
threshold value, but also with five or six more 
\'alues. 


From the information so obtained, a strength 
duration curve could be constructed characteristic 
of the nerve irritability. It is believed that re- 
peated examinations of this type are necessary 
to obtain an accurate picture of the chronaxie 
for each individual, 

RESULTS 

In Table I are given the results of chronaxi- 
metric examinations in eight subjects as compared 
with clinical and blood changes observed in these 
persons at various times throughout the period 
of observation. 

Subject 1 is an example of the fact that the 
chronaxie may become abnormal before clinical 
evidence of vitamin B deficiency had been de- 
tected. This was indicated by overexcitability of 
the radial nerve. Two weeks after the adminis- 
tration of brewer’s yeast the chronaxie again be- 
came normal at the same time that clinical evi- 
dence of deficiency disappeared. Following de- 
livery, this patient failed to continue the pre- 
scribed yeast and, when examined three weeks 
later, the radial nerve was again found over- 
excitable although no clinical evidence of de- 
ficiency was as yet manifest. 

In Subject 8 likewise chronaximetric changes 
preceded the appearance of clinical evidence of 
deficiency. In this individual both clinical and 
hematological changes were more extensive than 
in Subject 1. This severity was reflected in the 
chronaximetric observations by a change from 
overexcitability of the radial nerve to a condition 
of underexcitability, a phenomenon which is 
known to occur in more advanced stages of pe- 
ripheral neuritis. Following the inauguration of 
ritamin B therapy gradual return toward normal 
was noted in all tj'pes of observations so that at 
the time of deliver}’ all examinations were 
negative. 

Obser\'ations similar to those described above 
were made in eacli of the eight women studied. 
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Correlation between clinical, hematological and 
chronaximetric studies was close in each instance. 
However, the nerve once degenerated, i.c., under- 
excitable, a longer time was required for its resti- 
tution than for the blood regeneration. 

COMMENT 

The present investigations have shown that 
electric irritability of the peripheral nerves oc- 
curred even before clinical changes were noted 
in some of eight pregnant women taking diets 
which proved to be deficient in vitamin B. Upon 
the addition of yeast or of liver extract to the diet 
the neuropathy, as detected by chronaximetric 
examination, improved concomitant with clinical 
improvement. There was correlation also be- 
tween the severity of clinical evidence of de- 
ficiency and the degree of chronaximetric change 
in the peripheral nerves examined. 

It is considered wise to emphasize the desir- 
ability of determining the whole strength duration 


curve for nerve or muscle at each examination. 
This is particularly important in detecting the 
first stages of nerve degeneration and the last 
stages of regeneration. Two further points are 
wortliy of mention. We examined the chronaxie 
of the motor system as we wished to be inde- 
pendent of the subjective statements of the pa- 
tients. There is, however, little doubt that, in 
these patients as in lead poisoning, the chronaxie 
of the sensory system should give a still earlier 
and finer indication of the beginning abnormality 
(Altcnburger (5)). And finally, although in the 
present investigation the radial system was se- 
lected as the site of examination to avoid the 
objections which might arise from a possible 
pressure on the sciatic nerve, it is believed that 
the peroneal or the sciatic systems are preferable 
sites for examination since subjective and ob- 
jective symptoms in our patients were prominent 
in the legs and very infrequent in the arms. The 


TABLE I 


Results of chronaximetric examinations 





Changes in 

Scnsori* disturbances 

Clironaxie 


Case 

num- 

ber 

Date 

Diet 

Blood 

Clini- 
' cal 
mani- 
[ festa- 
! tions 

Vibratory sense 

other signs and 
symptoms 

Volt 

B 

vet 

Exeitabilityt 

1. 

February 9 

Without added vitamin B 

1 0 

0 

Normal 

0 

80 

0.76 

7.8 



March 2 

Without added vitamin B 

0 

0 

Normal 

0 

80 

0.36 

5.4 



March 16 

Without added vitamin B 

0 

0 

Normal 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

65 

0.28 

4.5 

Increased 


March 2S 

Without added vitamin B 

+ 


Normal 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

1 

1 

1 



April 13 

Supplemented with yeast 
since April 13 ! 

+ 


Diminished 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

70 

0.40 

5.3 

Increased 


April 27 I 

Supplemented with yeast 

0 

0 

Slightly diminished 

0 

90 

0.48 


Normal 


j 

May 20 

After delivery without j 
added vitamin B 

0 

0 

Normal 

0 

100 

0.24 

4.7 

Increased 

2. 

May 4 

Without added vitamin B 

4*4" 

4~ 

+ + 

0 

110 

0.72 

8.9 

Superior limit 
of normal 


June 26 

Supplemented with yeast 

" i 

0 

0 

0 

75 

0.68 

Bi 

Normal 

3. 

April 13 

Without added vitamin B 

+ + + 

+++ 

+ + 

Hyperpathy in area of 
right 2d sacral root; 
numbness of left arm 



9.8 

Decreased 


May 27 

Supplemented with yeast 
since April 14 

0 

0 

0 

0 

Discontinu- 
ous curve 

6.5 

12.5 

Normal 

Decreased 


June 24 

After delivery without 
added vitamin B 




Numbnessand weakness 
of left arm 



14.5 

Decreased 
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TABLE 1 — Continued 


Case 

num- 

ber 

Date 

Diet 

Changes in 

Sensory disturbances 

Chronaxie 

ExcitabilityJ 

Blood 

dim- 

cal 

mani- 

festa- 

tions 

Vibratory sense 

Other signs and 
symptoms 

Volt 


vet 

4. 

April 6 

Without added vitamin B 

0 

0 

0 

0 

85 

0.40 

5.3 

Increased 

May 4 

Without added vitamin B 


++ 


0 

90 

0.40 

5.2 

Increased 


May 29 

Supplemented with yeast 
since May 5 

-h-F 

mm 

0 

Left leg sleepy. Left 
peroneal nerve tender 
to pressure 

Discontinu- 
ous curve 

8.S 

lO.O 

Top normal 
Decreased 

June 17 

Supplemented with yeast 
since May 5 

+ 

0 

0 

0 

80 

0.80 

6.6 

Normal 

s. 

April 24 

without added vitamin B 

+++ 

+++ 

++ 

0 

60 

0.60 

m 

Inferior limit of 
normal 

May 11 

Supplemented with yeast 

+ 


0 






June 12 

After delivery 




0 


0.60 

7.3 

Normal 

0. 

April 15 

Without added vitamin B 

+ + + 

+ 

F 

0 

60 

1.87 

10.5 

Decreased 


Supplemented with yeast 


0 

0 






7. 

June 6 

Without added vitamin B 


+++ 

F 

Hyperpathy in area of 
2d sacral root 

60 

■ 

17.0 

Decreased 

June 26 

Supplemented with yeast 

+ 

0 

0 

0 

Discontinu- 
ous curve 

PH 

m 

Normal 

Decreased 

8. 

February 6 

Without added vitamin B 

0 

0 

Normal 

0 

75 

0.68 

7.1 

Normal 

March 9 

TOthout added vitamin B 

Si 


Normal 

0 

80 

0.36 

S.4 

Increased 

March 20 

Without added vitamin B 

Bi 


Normal 

Hyperpathy in area of 
2d sacral root 

so 


4.9 

Increased 

April 13 

Without added vitamin B 

+ 4' + 

+ 

Normal 





April 27 

-Without added vitamin B 

+++ 

-f- 

Normal 

Plus numbness In left leg 

El 

0.84 

9.3 

Decreased 

May 4 

Supplemented with yeast 

+++ 


Slightly diminished 

Plus numbness in left leg 





May 27 

Supplemented with yeast 

++ 

m 

Normal 

1/056 discomfort 

Discontinu- 
ous curve 

7.0 

10.0 

Normal 

Decreased 

June 6 

Supplemented with yeast 

+ 

0 

Normal 

Less discomfort 

75 

0.42 

S.S 

Increased 

June 17 

Supplemented with yeast 

0 

0 

Normal 

0 

80 

0.80 

6.7 

Normal 


* O' = 1/1000 second: normal range about 0.44 to 0.8o. 

t VC = Vertex coordinate the normal of which is between 6 andj9 for the examined nerve muscle apparatus. 
I Examined at the muscularis extensor digitorum communis and on the radial nerve. 


same affinity of a noxious agent for the inferior 
extremities has been noted previously (Tietze 
(6)) in the neuritis secondary to exposure to 
carbon disulphide or to methyl bromide. 

SUMMARY 

Chronaximetric changes were observ^ed in the 
radial nerves of a group of pregnant women tak- 
ing diets which proved to be deficient in -vitamin 
B. These changes often preceded clinical and 
hematological evidence of -vitamin B deficiency. 

The degree of peripheral nerve change, as in- 
dicated by chronaximetric examination, coincided 
with the severity of clinical manifestations of 
deficiency. 

Improvement followng ritamin B therapy was 
observed chronaximetrically at the time that clin- 
ical improvement was recorded. 
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Correlation between clinical, hematological and 
chronaxinictric studies was close in each instance. 
However, the nerve once degenerated, i.c., under- 
excitable, a longer time was required for its resti- 
tution than for the blood regeneration. 

COMMENT 

The present investigations have shown that 
electric irritability of the peripheral nerves oc- 
curred even before clinical changes were noted 
in some of eight pregnant women taking diets 
which proved to be deficient in vitamin B. Upon 
the addition of yeast or of liver extract to the diet 
the neuropathy, as detected b}' chronaximetric 
examination, improved concomitant with clinical 
improvement. There was correlation also be- 
tween the severity of clinical evidence of de- 
ficiency and the degree of chronaximetric change 
in the peripheral nerves examined. 

It is considered wise to emphasize the desir- 
ability of detennining the whole strength duration 


curve for nerve or muscle at each examination. 
This is particularly important in detecting the 
first stages of nerve degeneration and the last 
stages of regeneration. Two further points are 
worthy of mention. We examined the chronaxie 
of the motor system as we wished to be inde- 
pendent of the subjective statements of the pa- 
tients. There is, however, little doubt that, in 
these patients as in lead poisoning, the chronaxie 
of the sensory system should give a still earlier 
and finer indication of the beginning abnormality 
(Altcnburgcr (5)). And finally, although in the 
present investigation the radial system was se- 
lected as the site of examination to avoid the 
objections which might arise from a possible 
pressure on the sciatic nerve, it is believed that 
the peroneal or the sciatic systems are preferable 
sites for examination since subjective and ob- 
jective symptoms in our patients were prominent 
in the legs and very infrequent in the arms. The 


TABLE I 


Results of chronaximetric examinations 





Clianges in 

Sensory disturbances 

Chrona-Tie 


Case 

num- 

ber 

Date 

Diet 

Blood 

Clini- 

cal 

mani- 

festa- 

tions 

Vibratory sense 

other SIKHS and 
symptoms 

Volt 

1 


E-xcitabilityt 

1. 

February 9 

Without added vitamin B 

0 

0 

Normal 

0 

80 

0.76 

7.8 

Normal 


March 2 

Without added vitamin B 

0 

0 

Normal 

0 

80 

0.36 

5.4 

Increased 


March 16 

Without added vitamin B 

i 

0 

1 

0 

1 

Normal 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

65 

0.28 

4.5 

Increased 


March 25 

Without added vitamin B 

+ 

+ 

Normal 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

1 

1 

1 



April 13 

Supplemented with yeast 
since April 13 

-f- 

1 

~h 

Diminished 

1 

Radial nerves tender to 
pressure. Hyperpathy 
in area of cutaneous 
femoral lateral nerve 
and of 2d sacral root 

1 



5.3 j 

Increased 


April 27 

Supplemented with yeast 

0 

0 

Slightly diminished 

0 

90 

0.48 

6.6 

Normal 

j 

May 20 

After delivery without 
added vitamin B 

0 

0 

1 

Normal 

0 

100 

0.24 

4.7 

Increased 

2. 

May 4 

Without added vitamin B 

++ 

+ 

H — h 

0 

110 

0.72 

8.9 

Superior limit 
of normal 


June 26 

Supplemented %vith yeast 

0 

0 

0 

0 

75 

0.68 

m 

Normal 

3. 

April 13 

Without added vitamin B 

+ + + 

+ + -{' 

-t-+ 

Hyperpathy in area of 
right 2d sacral root; 
numbness of left arm 

80 


9.8 

Decreased 


May 27 

Supplemented with yeast 
since April 14 

0 

0 

0 

0 i 

Discontinu- 
ous curve : 

6.5 

12.5 

Normal 

Decreased 


June 24 

After delivery without 
added vitamin B 




Numbness and weakness 
of left arm 

105 

■ 

14.5 

Decreased 
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TABLE I — Continued 


Case 

num- 

ber 

Date 

Diet 

Changes in 

I Sensory disturbances 

Chronaxie 

Excitability^ 

Blood 

Clini- 

cal 

mani- 

festa- 

tions 

Vibratory sense 

Other signs and 
symptoms 

Volt 1 


vet 

■ 

April 6 

Without added vitamin B 

0 

0 

0 

0 

; 85 


5.3 

Increased 

May 4 

Without added vitamin B 

-f-l-f 

4*+ 

+ 

0 

90 

0.40 

5.2 

Increased 

1 

May 29 

Supplemented with yeast 
since May 5 


0 

0 

Left leg sleepy. Left 
peroneal nerve tender 
to pressure 

Discontinu- 

ouscurve 

8.8 

10.0 

Top normal 
Decreased 

June 17 

Supplemented with yeast 
since May 5 

+ 

0 

0 

0 

80 

t0.80 

6.6 

Normal 

s. 

April 24 

Without added vitamin B 

+ + + 

+++ 

++ 

0 

60 

0.60 

! 

6.0 

Inferior limit of 
normal 

i May 11 

Supplemented with yeast 

■ + 


0 






June 12 

: After delivery 




1 0 

90 

0.60 

7-3 

Normal 

6. 

1 

April IS 

! Without added vitamin B 

+++ 

+ 

+ 

0 

60 

1.87 

10.5 

Decreased 


Supplemented with yeast 

0 1 

0 ! 

0 


I 




■ 

June 6 j 

Without added vitamin B 

+ + + 

+++ 

+ 

Hyperpathy in area of 
2d sacral root 

60 

■ 

!17.0 

Decreased 

June 26 

Supplemented with yeast 

+ 

0 

0 

0 

Discontinu- 
ous curve 

7.7 

14.5 

Normal 
: Decreased 


February 6 

Without added vitamin B 


0 

Normal 

0 

75 

|0.68 

7.1 

Nonnal 

March 9 

Without added vitamin B 

0 

IIEIH 

Normal 

0 

80 


S.4 

1 Increased 

Match 20 

Without added vitamin B 

0 

0 

Normal 

Hyperpathy in area of 
2d eacral root 

SO 

0.48 

4.9 

Increased 

April 13 

Without added vitamin B 

++-1' 

+ 

Norma! 





April 27 

Without added vitamin B 

+ -h-f 

-t- 

Normal 

Plus numbness In left leg 

90 

0.84 

9.3 

Decreased 

May 4 

Supplemented with yeast 

+++ 


Slightly diminished 

Plus numbness in left leg 




1 

1 

May 27 

Supplemented with yeast 

+ + 

m 

Norma! 

Less discomfort 

Discontinu- 
ous cun^e 


Normal 

Decreased 

June 6 

Supplemented with yeast 

+ 


Normal 

Less discomfort 

7S 1 

0.42 

S.5 

Increased 

June 17 

Supplemented with yeast 

0 


Normal 

0 

«0 

0.80 

6.7 

Normal 


* O’ = 1/1000 second; normal range about 0.44 to O.So, 

t VC = Vertex coordinate the normal of which is between 6 andJP for the examined nerve muscle apparatus. 
} Examined at the muscularis extensor digiiorum communis and on the radial nerve. 


same affinity of a noxious agent for the inferior 
extremities has been noted previously (Tietze 
(6)) in the neuritis secondary to exposure to 
carbon disulphide or to methyl bromide. 

SUMMARY 

Chronaximetric changes were observed in the 
radial nerves of a group of pregnant women tak- 
ing diets which proved to be deficient in vitamin 
B. These changes often preceded clinical and 
hematological evidence of vitamin B deficiency. 

The degree of peripheral nerve change, as in- 
dicated by chronaximetric examination, coincided 
with the severity of clinical manifestations of 
deficiency. 

Improvement followng vitamin B therapy was 
observed chronaxiraetrically at the time that clin- 
ical improvement was recorded. 
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THE EFFECT OF HEATING WITH ALKALI ON THE CALORIGENIC 
ACTIVITY OF DESICCATED THYROID AND OF THYROXINE ^ 
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AND LOIS F. N. DICKIE 
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Since thyroxine is usually prepared for intra- 
venous administration by heating with alkali, it 
seemed desirable, for purposes of comparison, to 
observe the effect of this procedure on desiccated 
thyroid. It became apparent at once that it de- 
stroyed most of the gland’s activity, whereas thy- 
roxine was unaffected by the same treatment (1, 
2). This finding took on added interest because 
heating with alkali is an important step in obtain- 
ing thyroxine from the gland. 

It was later noted that Roos (3), on the basis 
of reduction in the size of goiter in man, and 
Cameron and Carmichael (4), on the basis of 
the rate of growth and hypertrophy of organs in 
rats, had reported that heating with potassium and 
sodium hydroxide destroys a large part of the 
activity of iodothyrin and iodothyroglobulin, re- 
spectively. Their methods of assay were, of 
course, unreliable. Oswald (5) noted the insta- 
bility of the active thyroid protein and avoided 
heat when using alkaline hydrolysis. Kendall 
and Simonsen (6) did employ heat in extracting 
thyroxine and were sometimes unable to isolate 
any from desiccated glands which possessed physi- 
ological activity before alkaline hydrolysis. In 
contrast with these observations, Leland and Fos- 
ter (7) have found that after heating with 2 N 
sodium hydroxide for eighteen hours, eighty-five 
per cent of the iodine combined as thyroxine can 
be extracted with butyl alcohol, suggesting that 
little if any destruction has occurred. 

METHOD 

The total calorigenic response to the oral ad- 
ministration of a certain dose of desiccated thy- 
roid^ or of thyroxine^ was observed in patients 

^ Brief references to this work have been prewously 
published (1, 2). 

• Squibb Research Fellow. 

^ The desiccated thyroid, unless otherwise noted, was in 
the form of powder which had been defatted with benzene 
and was kindly supplied by Dr. Klein of the Wilson Lab- 


with myxedema. (The standard dose contained 
6.5 mgm. of iodine, the amount in 10 mgm. of 
thyroxine.) Then material from the same lot 
was heated for different lengths of time with ap- 
proximately normal sodium hydroxide ^ (Table 
I), usually in the proportion of 5 cc. of alkali to 
6.5 mgm. of iodine. The effects of the same pro- 
cedure without heating, of heating with a weaker 
solution of alkali, and of heating with distilled 
water were also observed. The heating was car- 
ried out in a small beaker on a water bath. Al- 
though the solution was brought up to volume at 
frequent intervals, some variation in the concen- 
tration of alkali occurred. After suitable prep- 
aration, the material was diluted with a total of 
from 500 to 800 cc. of distilled water and admin- 
istered slowly by mouth over a period of about 
two hours. 

In five of eight patients in whom the effect of 
heating desiccated thyroid with alkali was ob- 
served, the heated and unheated doses contained 
the same amounts of iodine; in one, the heated 
dose contained only half as much and in two, twice 
as much. In two of the patients (Mrs. M. M., 
Figure 2 and Mrs. M. K., Figure 3) in whom the 
amounts of iodine in the heated and unheated 
doses were different, data have been included on 
the effects of another lot of desiccated thyroid 
which was given in doses containing more nearly 
the same amount of iodine as the heated doses. 
These additional data have been recorded because 
it has been found essential to compare doses on 
the basis of similar amounts of iodine, owing to 
some diminution in effect per unit of iodine with 
increasing doses (2). 

oratories. Four lots were used — three lots of hog thyroid 
and one of the dried gland from a patient witii exoph- 
thalmic goiter. 

<The synthetic thyroxine of Hoffmann-La Roche. 

® The solution actually used was l.II N sodium hyd.'ox- 
ide. 
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Summary of results 
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Excess calorics were cakulalccl by a method 
previously described (8, 9). 

DATA 

Effect of heating desiccated thyroid xuith alkali 

The data arc recorded in Tables I, II and III 
and in Figures 1 to 8. The results may be sum- 
marized as follows. 

1. After heating with approximately normal 
sodium hydroxide for from one to seven hours, 
desiccated thyroid loses about three-fifths of its 
calorigenic activity, on the basis of the number of 
points increase in metabolism; and about four- 
fifths of it, on the basis of the number of extra 
calorics produced (Table II). 

2. This loss of activity appears to be about as 
great at the end of one hour as at the end of seven 
hours (Miss R. G., Figure 5, compared with Mr. 
G. H., Figure 1, and Mrs. M. J., Figure 6). 

3. The strength of the alkali appears to be im- 
portant. In the one instance in which heating 





Fig. I. Mr. G. H. Comparative Eefects of the 
Oral Administration of Desiccated Hog Thyroid 
Suspended in Distilled Water, and Mixed with 
Alkali, with and without Heating 


with alkali did not cause loss of activity (Mrs. 
M. S., Figure 8) the alkali used was 0.1 N instead 
of 1 N. 

4. Allowing the dried gland to stand in 1 N 
sodium hydroxide without heating did not cause 
a significant loss of activity (Mr. G. H., Figure 
1 ,' Mrs. M. M,, Figure 2; Mrs. M. K., Figure 3; 
Mrs. A, R,, Figure 4; Mrs. M. W., Figure 7). 

5. The relative loss of activity in the exoph- 
thalmic goiter gland as a result of heating with 
alkali appeared to be about the same as in the hog 
thyroid (Table II ; and Figures 5 to 8 compared 
with Figures 1 to 4). 

Repeated administrations of the same dose of 
desiccated thyroid or of thyroxine to the same 
patient produce about the same calorigenic re- 
sponse, Therefore, the slight response to thyroid 
which had been heated with alkali cannot be ex- 
plained on the basis of the development of a 
tolerance. 

The question arises as to whether the calori- 
genic effects of different preparations should be 
compared on the basis of the amount of increase 
in the basal metabolism or on the number of extra 
calories produced, the latter showing approxi- 
mately a twenty per cent greater loss of activity 
on the average than the former. The number of 
extra calories is calculated from a curve denoting 
the change in metabolism from the time a given 
preparation is administered until its effect has 
completely disappeared. There are reasons for 
believing that the total response is important m 
comparing the action of different compounds. 
For example, it would be unfair to compare the 
effects of dinitrophenol and thyroxine on the 
basis of the amount of increase in basal metabo- 
lism, because the effect of a single dose of dinitro- 
phenol lasts for only three or four days, while 
that of a single dose of thyroxine may last for as 
long as eighty days (2) . 

Effect of heating desiccated thyroid with distilled 

water 

In contrast with the marked loss of calorigenic 
activity produced by heating desiccated thyroid 
with alkali, it may be seen from Tables I and H 
and Figures 9 and 10 that heating 'desiccated thy- 
roid with distilled water for three hours and nine 
hours respectively produced no loss of activity. 
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Fig. S, Miss R. G. Lab. No. 2933. Comparative Effects of the Oral Administration of Desiccated 
Exophthalmic Goiter Thyroid Suspended in Distilled Water and Heated with Alkali: also of Thyroxine 
m Alkaline Solution, with and without Heating 


Although more data are desirable on this point, 
they are sufficient to show that in order to pro- 
duce the marked loss of activity reported above, 
the presence of alkali is necessary. 

Effect of heating thyroxine with alkali 

It may be seen from Tables I and II and Fig- 
ures 5 and 11 that thyroxine apparently loses no 
activity as a result of heating with nonnal sodium 
hydroxide for four and four and three-quarter 
hours respectively. 

COMMENT 

There are at least four possible explanations 
for these observations. 

1. Although only a small portion of the iodine 
in the thyroid may be present as thyroxine, the 
activity of thyroxine may be greatly enhanced by 
the form or combination in which it occurs and 
one or both of these may be altered by heating 
with alkali. 

2. Only a portion of the calorigenic activity of 


desiccated thyroid may be caused by the thyroxine 
in it and the other iodine compound or compounds 
in the gland which affect metabolism may be de- 
stroyed by heating with alkali. 

3. Thyroxine in its natural combination may be 
more susceptible to destruction by heating with 
alkali than the free amino-acid. 

4. “ Thyroxine as 'isolated ” may be formed 
“ as an artefact by the action of the rather drastic 
method of isolation of the active principle,” Har- 
ington (10). (Apparently disproved by Haring- 
ton and Salter (11).) 

Any combination of these various factors may 
be involved. Thus, heating with alkali may re- 
duce activity both by destroying the natural form 
or combination of thyroxine and by destroying or 
reducing the activity of other compounds in the 
gland which possess activity. 

In view of the recent work of Foster, Palmer 
and Leland (12) on the calorigenic potencies of 
1- and dl-thyroxine, it is necessary to consider the 
possibility that the loss of activity produced by 
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Fig. 6. Mrs. M. J. Lab. No. 3221. Comparative 
Effects of the Oral Administration of Desiccated 
Exophthalmic Goiter Thyroid Suspended in Dis- 
tilled Water and Heated with Alkali 

heating desiccated thyroid with alkali may be 
due to racemiaation of the naturally occurring 
1-thyroxine. Using 1-thyroxine obtained by the 
proteolytic digestion of fresh and desiccated thy- 
roid, they found it to be twice as potent as the 
racemic form in the guinea pig. Gaddum (13), 
using material obtained by resolution of dl-thyrox- 
ine into its two optically active isomers, found 
1-thyroxine to be from one and one-half to three 
times as potent as d-thyroxine in the rat. How- 
ever, too few data are presented to warrant quan- 
titative deductions. Salter, German and Means 
(14), using material obtained by Harington (15) 
in the same manner as that supplied to Gaddum, 
reported the two isomers to possess the same ac- 
tivity in man. 

An analysis of our results suggests that the loss 
of activity was greater than could be accounted 
for by racemization alone. Assuming that all of 
the calorigenic potency of desiccated thyroid is 
due to the thyroxine it contains, complete race- 
mization of the thyroxine should destroy half of 


the activity on the basis of the figures of Foster, 
Palmer and Leland (12). Our smallest figure 
for loss of activity, namely that based on the num- 
ber of points the metabolism changed, shows a 
reduction of 60 per cent as a result of heating 
with alkali, whereas that based on extra calories 
shows a reduction of 80 per cent. We did not 
carry out thyroxine determinations on the hydro- 
lyzed samples which were administered and, 
therefore, do not know how much was split off. 
Since the loss of activity was produced with much 
less alkali and with a much shorter period of hy- 
drolysis than Leland and Foster (7) found neces- 
sary to cause maximum separation of thyroxine, 
it would appear probable that the racemization in 
our experiments was not complete. If this de- 
duction be correct, we produced greater loss of 
activity with incomplete racemization than would 
be accounted for by complete racemization on the 
basis of the figures of Foster et al. (12). 

In considering further the work of Foster, 
Palmer and Leland, it is of interest to determine 



Fig. 7. Mrs. M. \V. Co.mfapathe Effects of the 
Oral Administration of Desiccated E.xopiitiialmic 
Goiter Thitroid Suspe.vded in Distilled M'ater, and 
Mixed with Alkau, wim and without Heahnc 
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Fig. 8. Mrs. M. S. Lab. No. 3100. Comparative 
Effects of the Oral Administration of Desiccated 
Exophthalmic Goiter Thyroid Suspended in Dis- 
tilled Water and Heated with Weak Alkali 

whether heating with alkali reduces the activity of 
thyroid to that of the thyroxine which it contains. 
The calculations which follow are based, of course, 
on the activity of racemic thyroxine. In four of 
the patients (Mrs. M. M., Mrs. M. K., Mrs. A. R. 
and Miss R. G.) the effect of administering thy- 
roxine by mouth in alkaline solution has been com- 
pared with that of giving desiccated thyroid sus- 
pended in distilled water and desiccated thyroid 
after heating with alkali (Table III). This com- 
parison in the same patients gives results almost 
the same as those in Table II, in which two of the 
oral administrations and three of the intravenous 
administrations of thyroxine in alkaline solution 
were in patients who did not receive thyroid which 
had been heated with alkali. It may be seen that, 
on the average, for every 6.5 mgm. of iodine ad- 
ministered by mouth in the form of thyroxine in 
allkaline solution the basal metabolism rose 23 
points (from minus 32 per cent to minus 9 per 
cent) and 10,340 excess calories were produced; 
whereas for every 6.5 mgm. of iodine given in the 


form of desiccated thyroid whicli had been heated 
with alkali, the basal metabolism rose 8 points 
(from minus 32 per cent to minus 24 per cent) 
and 1,210 excess calorics were produced. When 
the thyroid was given suspended in distilled water 
tho corresponding figures were 20 points and 
6,070 excess calories respectively. In other 
words, per milligram of iodine, thyroxine in alka- 
line solution produced about three times as much 
increase in basal metabolism and about eight and 
one-half times as many excess calories as desic- 
cated thyroid which had been heated with alkali. 
On the basis of the number of points increase in 
basal metabolism, heating with alkali reduces the 
calorigenic activity of desiccated thyroid nearly to 
the level that would be predicted from the Leland 
and Foster figures (7) for the percentage of 
iodine present in the form of thyroxine, assuming 
that heating with alkali reduces the activity of the 
dried gland to that of the thyroxine which it con- 





Fig. 9. Miss E. DeL. Comparative Effects of the 
Oral Administration of Desiccated Hog Thyroid 
Suspended in Distilled Water, with and without 
Heating 




EFFECT OF HEATING WITH ALKALI ON THYROID 


489 



Fig. 10. Mbs. B. L. Also Showing the Compara- 
tive Effects of the Oral Administration of Desic- 
cated Hog Thyroid Suspended in Distilled Water, 
with and without Heating 

tains. On the basis of extra calories, the activity 
is reduced to a lower level than would be pre- 
dicted. As already pointed out, this reduction oc- 
curs with much less alkali than called for by the 
Leland and Foster method for extraction of thy- 
roxine from the thyroid. They used 100 cc. of 
2 N sodium hydroxide per 1.25 grams of dried 
gland containing probably from 3 to 4 mgm. of 
iodine. These observations suggest the possibil- 
ity that the activity of thyroxine may be enhanced 
by its natural combination. 

The effect of heating desiccated thyroid with 
alkali has some bearing on the suggestion ad- 
vanced by Harington and Randall (16) and by 
Gutman, Benedict and Palmer (17) that, for 
pharmaceutic purposes, desiccated thyroid should 
be standardized in terms of thyroxine rather than 
in terms of total organic iodine. Harington and 
Randall (16), on the assumption that after four 
hours h)'drolysis with sodium hydroxide the por- 
tion of the iodine insoluble in acid represents thy- 


roxine iodine, concluded that the iodine in the 
thyroid is about equally divided between diiodo- 
tyrosine and thyroxine : while Gutman and his as- 
sociates (18), using the butyl alcohol extraction 
method of Leland and Foster (7) (which included 
a longer period of alkaline hydrolysis), found 
that about twenty-five per cent was present as 
thyroxine, although the actual percentage varied 
in different glands. Using guinea pigs for assay. 
Palmer and Leland (19) found calorigenic ac- 
tivity proportional to thyroxine rather than to 
total iodine. 

Regardless of the explanation of our observa- 
tions, it becomes apparent at once that the method 
used by all investigators for isolation of the active 
principle from the thyroid, namely hydrolysis with 
alkali, destroys most of the gland’s activity. In- 
deed, the low yield of crystalline thyroxine from 
desiccated thyroid has always been one of the 
most serious handicaps to a systematic study of 
its properties. From three tons of hog thyroid 
Kendall (20) obtained thirty-three grams of thy- 
roxine. By another method, Harington (10) was 
able at one time to obtain a total yield of 0.125 
per cent of thyroxine from a preparation of desic- 



Fig. 11. Mrs. C. F. Lab. No. 299S. CoMr.\r,ATHT. 
Effects of the Oral Administration or TiivroNiNr. 
IN Alkaline Solution, with and wttiiout Heating 
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cated thyroid gland containing 0.5 per cent of 
iodine. The low yields frequentl}'^ observed by 
these two investigators may be attributed to loss 
or destruction of thyroxine or to the presence of 
only a small quantity of iodine in the form of 
thyroxine to begin with. 

SUMMARY 

After heating with approximately normal so- 
dium hydroxide for from one to seven hours, 
desiccated thyroid loses about three-fifths of its 
calorigenic activity on the basis of the amount of 
increase in basal metabolism, and about four- 
fifths of it on the basis of the number of extra 
calories produced. The activity of racemic thy- 
roxine is not significantly afifccted b}’’ the same 
procedure. The effect of desiccated thyroid is 
not 'altered when it is heated with distilled water 
or when it is allowed to stand in normal alkali 
without heating, showing that a combination of 
both heat and alkali are necessary to produce loss 
of activity. 

When given by mouth in alkaline solution, thy- 
roxine produces, per milligram of iodine, about 
three times as much increase in basal metabolism 
and about eight and one-half times as many extra 
calories as desiccated thyroid which has been 
heated with alkali. 

These observations show that the procedure 
common to all methods for isolation of thyroxine 
from the thyroid (namely, heating with alkali) 
destroys most of the gland’s activity. They have 
an important bearing on the form in which iodine 
occurs in the gland and on the methods of stand- 
ardizing desiccated thyroid. 
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n/ Much attention has been paid in recent years to 
inorganic salt metabolism. Great advances in our 
knowledge have been made in regard to the ex- 
change of calcium and sodium, but a surprising 
ignorance remains in respect to the magnesium ex- 
change. Magnesium is obviously an important 
constituent of the body for it appears to be uni- 
versally present, and physiological changes result 
from magnesium starvation (1). In spite of the 
fairly close chemical relationship between calcium 
and magnesium, their relative distribution in body 
tissues is widely divergent. Roughly, one may 
state that under normal conditions magnesium 
tends to be higher than calcium in the cells of soft 
tissues, while calcium is higher than magnesium in 
extracellular fluids and in bones. This distribu- 
tion would make one anticipate that their physio- 
logical actions were of different nature, and there 
is, of course, physiological evidence that some- 
times at least their effects are antagonistic. It is, 
therefore, of interest to see whether the influences 
which affect calcium metabolism have analogous 
effects upon magnesium exchange. This is the 
purpose of the following papers. >/ 

From the literature one finds that the concentra- 
tion of magnesium in body tissues has been stud- 
ied but little. A good summarizing table of re- 
corded data is given in the recent review by 
Schmidt and Greenberg (2). The most complete 
study in man was done by Magnus-Levy in 1910 
(3). He studied the inorganic salt content of 
most of the tissues obtained from a suicide. In 
the muscles he found magnesium in far greater 
amounts than calcium, the ratio being approxi- 
mately 3 : 1, but in the internal organs there was 
considerable TOriation in the ratio, and he found 
more calcium than magnesium in the skin, th3moid, 
and lungs. More recent analj'ses of muscle with 
improved technic have been reported by Cullen, 


Wilkins and Harrison (4), showing variations in 
calcium and magnesium concentrations in different 
parts of heart muscle but with the magnesium al- 
ways two or three times the weight of calcium. 
Sherman (5) states that in meat 100 grams of 
muscle protein averages 58 mgm. of calcium and 
118 mgm. of magnesium. Expressed in milli- 
equivalents (Ca = 29, Mg = 97), this would 
make the difference in concentration even more 
pronounced. Recent work by Greenberg, Lucia, 
Mackey and Ttifts (6) on the magnesium content 
of the red corpuscles in human blood showed that 
they contain an average of 6.6 ± 0.5 mgm. of 
magnesium per 100 ml. of corpuscles. The con- 
centration of calcium in blood cells, on the other 
hand, is extremely small. 

In blood serum and in bones this high con- 
centration of magnesium is not found. In the 
serum of normal individuals the average value of 
magnesium in our experience is between 2.4 and 
2.8 mgm. per 100 cc. of serum. This agrees 
quite well with the values from other laboratories. 
The calcium : magnesium ratio of bone is vari- 
ously given. In normal dried bone McCrudden 
(7) found this ratio to be essentially 1 : 0.005 
with a much higher relative magnesium concentra- 
tion in osteomalacia. Euler and Rydbom (8) 
give the calcium : magnesium ratio of normal bone 
ash as 24 parts of calcium to 0.1 part of magne- 
sium and that of rachitic bone as about 21 parts' 
of calcium to 0.6 part of magnesium, klorgulis 
(9), analyzing the bone ash of various animals, 
found that the relative concentration of calcium 
and magnesium differed with the species. The 
ash of bones of the dog and rabbit he reports as 
36 per cent calcium to 0.5 per cent magnesium. 

From these concentration ratios of magnesium 
and calcium, which raiiy so much in different bod\’ 
tissues, one may obtain approximate evidence of 
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catcd thyroid gland containing 0.5 per cent of 
iodine. The low yields frequently observed by 
these two investigators may be attributed to loss 
or destruction of thyroxine or to the presence of 
only a small quantity of iodine in the form of 
thyroxine to begin with. 

SUMMARY 

After heating with approximately normal so- 
dium hydroxide for from one to seven hours, 
desiccated thyroid loses about three-fifths of its 
calorigenic activity on the basis of the amount of 
increase in basal metabolism, and about four- 
fifths of it on the basis of the number of extra 
calories produced. The activity of racemic thy- 
roxine is not significantly affected by the same 
procedure. The effect of desiccated thyroid is 
not 'altered when it is heated with distilled water 
or when it is allowed to stand in normal alkali 
without heating, showing that a combination of 
both heat and alkali are necessary to produce loss 
of activity. 

When given by mouth in alkaline solution, thy- 
roxine produces, per milligram of iodine, about 
three times as much increase in basal metabolism 
and about eight and one-half times as many extra 
calories as desiccated thyroid which has been 
heated with alkali. 

These observations show that the procedure 
common to all methods for isolation of thyroxine 
from the thyroid (namely, heating with alkali) 
destroys most of the gland’s activity. They have 
an important bearing on the form in which iodine 
occurs in the gland and on the methods of stand- 
ardizing desiccated thyroid. 
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v/ Much attention has been paid in recent years to 
inorganic salt metabolism. Great advances in our 
knowledge have been made in regard to the ex- 
change of calcium and sodium, but a surprising 
ignorance remains in respect to the magnesium ex- 
change. Magnesium is obviously an important 
constituent of the body for it appears to be uni- 
versally present, and physiological changes result 
from magnesium starvation (1). In spite of the 
fairly close chemical relationship between calcium 
and magnesium, their relative distribution in body 
tissues is widely divergent. Roughly, one may 
state that under normal conditions magnesium 
tends to be higher than calcium in the cells of soft 
tissues, while calcium is higher than magnesium in 
extracellular fluids and in bones. This distribu- 
tion would make one anticipate that their physio- 
logical actions were of different nature, and there 
is, of course, physiological evidence that some- 
times at least their effects are antagonistic. It is, 
therefore, of interest to see whether the influences 
which affect calcium metabolism have analogous 
effects upon magnesium exchange. This is the 
purpose of the following papers. 

From the literature one finds that the concentra- 
tion of magnesium in body tissues has been stud- 
ied but little. A good summarizing table of re- 
corded data is given in the recent review by 
Schmidt and Greenberg (2). The most complete 
study in man was done by Magnus-Levy in 1910 
(3). He studied the inorganic salt content of 
most of the tissues obtained from a suicide. In 
the muscles he found magnesium in far greater 
amounts than calcium, the ratio being approxi- 
mately 3:1, but in the internal organs there was 
considerable variation in the ratio, and he found 
more calcium than magnesium in the skin, thyroid, 
and lungs. More recent analyses of muscle with 
improved technic have been reported by Cullen, 


Wilkins and Harrison (4), showing variations in 
calcium and magnesium concentrations in different 
parts of heart muscle but with the magnesium al- 
ways two or three times the weight of calcium. 
Sherman (5) states that in meat 100 grams of 
muscle protein averages 58 mgm, of calcium and 
118 mgm. of magnesium. Expressed in milli- 
equivalents (Ca — 29, Mg — 97), this would 
make the difference in concentration even more 
pronounced. Recent work by Greenberg, Lucia, 
Mackey and Tufts (6) on the magnesium content 
of the red corpuscles in human blood showed that 
they contain an average of 6.6 ± 0.5 mgm. of 
magnesium per 100 ml. of corpuscles. The con- 
centration of calcium in blood cells, on the other 
hand, is extremely small. 

In blood serum and in bones this high con- 
centration of magnesium is not found. In the 
serum of normal individuals the average value of 
magnesium in our experience is between 2.4 and 
2.8 mgm. per 100 cc. of serum. This agrees 
quite well with the values from other laboratories. 
The calcium : magnesium ratio of bone is vari- 
ously given. In normal dried bone McCrudden 
(7) found this ratio to be essentially 1 : 0.005 
with a much higher relative magnesium concentra- 
tion in osteomalacia. Euler and Rydbom (8) 
give the calcium .-magnesium ratio of normal bone 
ash as 24 parts of calcium to 0.1 part of magne- 
sium and that of rachitic bone as about 21 parts’ 
of calcium to 0.6 part of magnesium. Jlorgulis 
(9), analyzing the bone ash of various animals, 
found that the relative concentration of calcium 
and magnesium differed with the species. Tiie 
ash of bones of the dog and rabbit he reports as 
36 per cent calcium to 0.5 per cent magnesium. 

From these concentration ratios of magnesium 
and calcium, which -^-ary so much in different body 
tissues, one may obtain approximate c%-idence of 
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the source of these bases wlicn they arc cliitiinatcd 
by the body. If the loss comes entirely from the 
bone, then the magnesium excretion will be negli- 
gible compared with that of calcium ; if from the 
tissues, the magnesium elimination will be the 
larger. As an example, it was shown by Benedict 

(10) , that in starvation the calcium elimination 
was approximately four times that of magnesium 
by weight. Tins is a ratio unlike that found in 
the analysis of cither bone or tissue. The amount 
of magnesium would indicate a destruction of the 
soft tissues but the relativel}'’ large amount of cal- 
cium eliminated could not be accounted for in this 
way. In fact, on the basis of the calcium: mag- 
nesium ratio, 90 per cent of the calcium must 
come from the catabolism of bone. 

Therefore, it would seem reasonable to assume 
that changes in magnesium excretion ivould be 
slight in cases of bone growth or destruction, but 
that processes involving tissue catabolism would 
show more change in magnesium than in calcium 
excretion. 

EXPERIMENTAL METHODS AND PROCEDURES 

The normal requirements of man for magne- 
sium have not been thoi'oughly studied. An ed- 
ible diet which is low in magnesium would have to 
be high in calcium because the foodstuffs involved 
would consist largely of milk products and eggs. 
In most of our observations, we have used a low 
calcium diet such as we have employed in the past 

(11) . It has a moderate magnesium content of 
about 220 mgm. per day. This is two or three 
times the amount excreted during the prolonged 
starvation in Benedict’s study (10), but is below 
the average (340 mgm.) found by Sherman (5) 
in 150 American dietaries. We may, therefore, 
assume that our diets are adequate in their mag- 
nesium content though inadequate in calcium. In 
some observations on the effect of magnesium 
feeding, we have used ample magnesium and cal- 
cium in the diet in order to observe effects on 
positive as well as on negative balances. All of 
the diets were potentially neutral and were ana- 
lyzed in the laboratory for calcium and magne- 
sium. 

Our usual metabolic regime as described in a 
former paper (11) was followed throughout, and 
the methods of analyses were essentially the 
same. Calcium determinations were made by the 


method of Fiskc and Logan as described by Folin 

(12) . In the samples which contained large 
amounts of magnesium in proportion to the cal- 
cium, the determinations were repeated, using the 
double precipitation method of the same authors 

(13) . As the results were practically identical 
with those obtained by the former method, we felt 
satisfied that none of the magnesium was being 
precipitated with the calcium even though a large 
amount was present in the sample. 

The magnesium detenninations were also made 
by the methods of Fiskc and Logan (12). We 
have used both the colorimetric and the alkalimet- 
ric titration methods in these studies, and deter- 
minations made on the same sample by the two 
methods agreed within 3 per cent. When the 
sample contained a large amount of calcium in 
proportion to the niagnesium, most of the calcium 
was precipitated as its oxalate salt in a solution 
acid to methyl red. After removal of this pre- 
cipitate, the solution was brought to pH 4.8 to 5,0 
and the remainder of the calcium oxalate filtered 
off and the filtrate analyzed for magnesium in the 
usual way. 

Whenever calcium or magnesium was present in 
large excess, the determinations were carried out 
independently of each other. 

EXPERIMENTS 

From Table I and the control periods of Tables 
II and III, it is clear that the magnesium excre- 
tion on our t3'pe of neutral diet, on the whole, is 
the same by weight as that of calcium, and that 
approximately one-third of the total excretion of 
either base is to be found in the urine. Magne- 
sium is more constant in this regard than is cal- 
cium. 

Table I also demonstrates that on an intake of 
220 mgm. of magnesium daily, some individuals 
living in the hospital ward will be in negative, 
some in positive balance. Thus, in 15 periods m 
five individuals, the average magnesium balance 
was 50 mgm. per three-day period and in only 
one case in five was the magnesium balance nega- 
tive. There were in addition four other normal 
controls who were medical students pursuing them 
normal activities, except that all their meals were 
carefully prepared in the research diet kitchen 
(A. D. and C. W., Table I ; M. L., Table II ; and 
R. L., Table III). They were given a constant 
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TABLE I 


Normal subjects * 

(Intake and output in 3-day periods) 


Subject* 

Period 

Magnesium 

Calcium 

Excretion 

In- 

take 

Excretion 

In- 

take 

Urine 

Feces 

Total 

Urine 

Feces 

Total 



srams 

grams 

grams 

grams 

grams 

grams 

grams 


A. N 

III 

.35 

.45 

.80 

.66 

.18 

.15 

.33 

■KnH 

Paper XII (20) 

IV 

.25 

.47 

.72 

.66 

.19 

.18 

.37 


Table I 

V 

.27 

.49 

.76 

.66 

.16 

.16 

.32 

.31 

B. E 

II 

.27 

.49 

.76 

.74 

■■ 

.47 

.57 

.37 

Paper XII (20) 

III 

.24 

.20 

.44 

.72 


.16 

.29 

.34 

Table IV 

IV 

.24 

.34 

.58 

.72 


.24 

.39 

.33 


V 

.25 

.34 

.59 

.72 

.18 

.25 

.43 

.33 

D. A 

XXI 

.29 

.31 

.60 

.68 

.10 

.50 

.60 

.34 

Paper XII (20) 

XXII 

.21 

.34 

.55 

.68 

.07 

.48 

.55 

.35 

Table II 

XXIII 

.30 

.31 

.61 

.68 

.07 

.45 

.52 

.35 

E. M 

I 

.24 

.44 

.68 

.65 

.03 

.55 

.58 

.30 

Paper XXII (25) Table I 

II 

.26 

.35 

.61 

.65 

.08 

.43 

.51 . 

.30 

W. N 

I 

.12 

.31 

.43 

.59 

.24 

.39 

.63 

.29 

Paper XIII (22) 

II 

.19 

.29 

.48 

.59 

.33 

.46 

.79 

.28 

Table I 

III 

.21 

.31 

.52 

.60 

.38 

.54 

.92 

.28 

Average for 5 subjects ... 


.25 

.36 

.61 

.66 

.16 

.36 

.52 

.32 

A. D 

IX 

.30 

.47 

.77 

.95 

.49 

.44 

.93 

.31 

Paper XXII (25) 

X 

.28 

.45 

.73 

.80 

.43 

.37 

.80 

.27 

Table IV 

XI 

.34 

.51 

.85 

.95 

.52 

.44 

.96 

.31 

C. W 

VIII 

.34 

.51 

.85 

.95 

.44 

.65 

m 

.32 

Paper XXII (25) 

IX 

.29 

.60 

.89 

.95 

.38 

.52 


.32 

Table V 

X 

.23 

.44 

.67 

.95 

.35 

.69 

mm 

.32 

Average 


.29 

.50 

.79 

.93 

.44 

.52 

.96 

.31 


* Some of the data on these patients have been previously reported. In order to avoid repetition, references are given 
to the proper paper in the “Studies of Calcium and Phosphorus Metabolism" series (20, 22, 25, 26) where figures on 
titratable acidity, ammonia, nitrogen, calcium, phosphorus, total base, chloride, and sulphate are recorded. The initials 
used for each subject are the same as in the previous publications. In these observations on magnesium, transitional 
periods have not been studied. The period numbers in this and in the previous texts correspond with each other. 


diet higher in ma^esium content, and ttvo of 
them (M. L. and R. L.) also had double the usual 
amount of calcium in the food. On these diets, 
each of the four subjects showed a positive mag- 
nesium balance in the control periods. These ob- 
servations indicate that an essential magnesium 
balance with hospital patients is obtained with ap- 
proximately 220 mgm. intake per day, and that 
magnesium storage in active subjects may be ob- 
tained with 300 mgm. per day. These may not 
be minimal values. This adequacy of magnesium 
in the food may obscure positive findings in con- 
trol periods, but should not interfere until inter- 
pretations during the shifting conditions of a pro- 
longed experiment. 


The addition of magnesium to the diet 
While on this adequate magnesium diet, two of 
our normal subjects (M. L. and R. L.) were given 
8 to 10 grams of magnesium lactate a day for 
twelve days. During this time the excretion of 
magnesium was naturally increased as may be 
seen in Tables II and III. This increase is found 
in both urine and feces though, as with calcium, 
the greater amount of the increase is in the feces, 
except that in R. L. (Table III) tlie usual 
urine : feces ratio is fairly closely maintained. It 
is clear then that magnesium lactate can be ab- 
sorbed. Its excretion, like that of calcium, is not 
rapid for the levels remain elerated in the first 
control periods following ingestion. It is inter- 
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esting, however, that in one of these young men 
(R. L.) the increased ingestion of magnesium re- 
sulted in a negative balance, while in the case of 
the other subject an average of over 200 mgm. per 
period was retained. Carswell and Winter (14) 
on feeding magnesium lactate to two normal men 
found a greater retention of magnesium in one 
case than in the other, but both stored more than 
did our subjects. From clinical experience with 
magnesium sulphate, one might expect some such 
variation in the absorption of magnesium from 
the gastro-intestinal tract. 

Mendel and Benedict (15) first linked together 
magnesium and calcium excretion. They showed 
that parenteral injections of salts of either base 
increased the urinary excretion of both bases. 
The effect of oral administration has not been so 
clearly demonstrated, and the literature on the 
subject gives conflicting data (16, 17, 18). Cars- 
well and Winter (14) and Barbour and Winter 
(19) report that the oral administration of mag- 
nesium lactate causes a retention of calcium in the 
presence of an adequate amount of phosphorus. 

Evidence in regard to this problem can be seen 
clearly in the first part of the observations on the 
two normal medical students (Tables II and III). 
The addition of the potentially alkaline magne- 
sium lactate, taken by mouth, was accompanied by 
an increased calcium as well as magnesium excre- 
tion in the urine. This is particularly interesting 
for in our previous studies ( 20 ) an alkaline in- 
take has been associated with only an occasional 
slight urinary increase in calcium output. The 
stimulating effect of magnesium ingestion on cal- 
cium metabolism is even more marked in the sub- 
sequent experiment (Periods XXIII to XXVI) 
when calcium elimination had already been stimu- 
lated by the ingestion of ammonium chloride. 
The addition of magnesium lactate, plus enough 
added NH 4 CI to maintain approximately the same 
dietary acidity as in the preceding periods greatly 
increased both the calcium and magnesium in the 
urine. It is clear, therefore, that the increased 
calcium excretion following magnesium lactate 
here, and following magnesium gluconate in F. G. 
(see Paper II of this series (21)) is due to the 
effect of the magnesium ion. (The interrelation- 
ship of phosphate is discussed later in this paper.) 


The effect of acid ingestion 

The effect of acid ingestion on calcium metabo- 
lism is well known. Phosphoric acid ions have 
little effect ( 22 ) but other anions and acid-produc- 
ing salts, like ammonium chloride, elevate the cal- 
cium elimination distinctly ( 20 ). Physiologi- 
cally, the problem is facilitated by the storehouse 
of readily available calcium in the trabeculae of 
bone (23). The calcium, which is excreted be- 
cause of acid ingestion, we have shown comes 
largely from these bone trabeculae, but little mag- 
nesium is stored 'there. It is, therefore, of in- 
terest to see whether the effects of acids on mag- 
nesium and calcium are the same; whether bases 
can be drawn from soft tissues as well as bone to 
buffer acid ingestion. From the chemical point of 
view one might expect magnesium to be so influ- 
enced. The effect of these anions 'on magnesium 
metabolism has, therefore, been investigated. 

Table IV shows the effect of acid ingestion on 
the magnesium elimination of four subjects. 
Other studies on these patients have been pre- 
viously reported, and in order to avoid repetition, 
references are given in the tables to the papers 
where additional data may be found. 

Patient A. V., aged 16, weighing 34 kilos, had 
a marked structural scoliosis and was first studied 
previous to operation. After being on a control 
neutral low calcium diet for 21 days he was given 
a diet with a potential acidity of about 700 cc. 
N/10 per day. After nine days he was given the 
original control diet to which was added 6 grams 
NH 4 CI daily. Both the acid diet and the poten- 
tially acid salt raised the urinary calcium to a 
marked degree but the effect upon the magnesium 
excretion was slight. During his second admis- 
sion, six months after a spinal fusion, his normal 
calcium output was greatly reduced, and he was 
in positive rather than negative balance in respect 
to magnesium. On the ingestion of NH 4 CI his 
urinary excretion of calcium was again raised 
fourfold and there was an increase in urinary 
magnesium, though not in the total magnesium 
excretion. 

Patient D. A., aged 37, weighing 58 kilos, was 
studied while recovering from lead poisoning. 
He was given 8 grams of NH4CI daily for six 
days, followed by two periods with 12 grams per 
day. As the acid effect of this salt as indicated by 
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TABLE IV ♦ 

Effect of acid ingestion 
(Intake and output in 3-day periods) 


Subject * 

Period 

Diet and 
medication per 
period 

Magnesium 

Calcium 

Excretion 

In- 

take 

Excretion 

In- 

take 

Urine 

Feces 

Total 

Urine 

Feces 

Total 





grams 

grams 

grams 

grams 


grams 

grams 

A. N. 

IV 

Control, neutral low 


.47 

.72 

.66 

.19 

■s 

.37 

.31 

First admission 

V 

calcium 


.49 

.76 

.66 

.16 


.32 

.32 

Portor VTT . 








■M ■■ 














Table I 

IX 

Potentially acid — ap- 

.33 

.38 

.71 

.52 

.71 

.14 

.85 

.30 


X 

proximately 2100 cc. 

.26 

.33 

.59 

.52 

.71 

.16 

.87 

.30 



N/10 










XI 

Control plus 18 crams 

.47 




1.13 

.19 

1.32 

.31 


XII 

NH^Cl 

.39 

.44 

.83 

.66 

1.16 

.21 

1.37 

.31 

4 


XIII 

Control 

.26 

.26 

.52 

.66 

.66 

.21 

.87 

m 


XIV 


.30 

.44 

.74 

.66 

.38 

.17 

.55 

HI 


SECOND ADMISSION 


XVIII 

Control 

.15 

.31 

.46 

.61 

.04 

.15 

.19 

.29 


XIX 


.29 

.35 

.64 

.61 

.05 

.15 

.20 

.30 


XX 

Control plus 18 grama 

.43 

.25 

.68 

.61 

.20 

.14 

.34 

.30 


XXI 

1 NH4CI 

.32 

.18 

.50 

.61 

.25 

.12 

.37 

.30 

D. A. 

XIII 

Control plus 24 to 36 

.39 

.60 

.99 

.68 

.18 

.48 

.66 

,33 

Paper XII (20) 

XIV 

grams NH<C1 

.49 

.75 

1.24 

.68 

.50 

.61 

1.11 

.33 

Table II 

XV 


.12 

.78 

.90 

.68 

.73 

.53 

1.26 

.33 


XXII 

Control 

.21 

.34 

.55 

.68 

■■ 

.48 

.55 

.35 


XXIII 


.30 

.31 

.61 

.68 

mm 

.45 

.52 

.35 

B. E. 

III 

Control, neutral low 

.24 

.20 

.44 

.68 

.13 

.16 

.29 

.32 

Paper XII (20) 

IV 

calcium 

.24 

.34 

.58 

.68 

.15 

.24 

.39 

.32 

Table IV 

V 


.25 

.34 

.59 

.68 

.18 

.25 

.43 

.32 


VII 

Control plus 12 grams 

.25 

.64 

.89 

.72 

.38 

.39 

.77 

.32 


VIII 

NH.Cl 

.21 

.64 

.85 

.80 

.48 

.39 

.87 

.32 


IX 


.21 

.52 

.73 

.80 

.46 

.22 

.68 

.32 


X 


.24 

.61 

.85 

.80 

.42 

.32 

.74 

.32 


XIII 

18 grams NHiCl 

.29 

.68 

.97 

.80 

.65 

.33 

.98 

.32 



Control, high calcium 

.23 

.50 

.73 

.55 

1.02 

1.08 

2.10 

2.11 


HBl 

plus 18 grams NH^Cl 

.24 

.49 

.73 

.55 

1 

1.03 

1.01 

2.04 

2.11 


XIX 

Control, neutral high 

.14 

.36 

.50 

.55 

.53 

.79 

1.32 

2.11 


XX 

calcium 

.16 

.40 

.56 

.55 

.38 

.97 

1.35 

2.11 

DeLaB. 

X 

Control, high calcium 

.15 

.25 

.40 

.55 

.009 

1.160 

1.169 

1.570 

Paper VI (26) 
Table III 

XI 


.15 

.40 

.55 

.55 

.008 

2.010 

2.018 

1 1.563 


XIII 

Control plus 12 grams 

m 

.25 

.42 

.55 

.013 

WE'i'B 

1.583 



XIV 

NH.Cl 


.35 

.53 

.55 

.022 


2.042 

1.SS3 


XV 


■1 

.35 

.53 

.55 

.016 

1.660 

1.676 



XVII 

Control plus IS grams 

.17 

.33 

.50 

.54 

.023 

2.010 

2.033 

1.617 


XVIII 

NH.Cl 

.16 

.28 

.44 

.54 

.014 

1.830 

1.844 

1.644 


* See footnote to Table I. 
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the urinary output of ammonia (24) persisted on 
into the following periods, these have been omit- 
ted in our study on magnesium excretion and two 
later ones used as control periods. As will he 
seen from Table IV, the magnesium excretion 
during NH^Cl ingestion is greater in both urine 
and feces than during the two periods on diet 
alone. The elevation, however, is not so great as 
that of calcium which was limited to the urinary 
excretion. 

Patient B. E., aged 58, weighing 55 kilos, suf- 
fering from chronic sciatic neuritis, was studied 
while on both a low and a high calcium diet. The 
addition of NH 4 CI to either diet caused a marked 
elevation of urinary calcium excretion. The high 
calcium diet, however, stopped the negative cal- 
cium balance, and calcium was actively stored dur- 
ing the control high calcium periods. The mag- 
nesium metabolism was also affected in these ob- 
servations. In spite of a slight increase in the 
' intake of magnesium during the periods of NH 4 CI 
ingestion, the patient showed a negative magne- 
sium balance in contrast to the control periods 
when magnesium was stored. In the second ob- 
servation, made during a high calcium and a lower 
magnesium intake, the excretion of magnesium is 
on a distinctly lower level, but still shows the 
stimulating effect of acid ingestion in spite of the 
fact that the patient was in calcium balance. The 
interesting point of this experiment is that when 
the loss of body fixed base was practically stopped 
by additions of calcium to the diet, the excretion 
of magnesium could still be stimulated. 

In DeLaB., a patient with steatorrhea and tet- 
any, the ingestion of ammonium chloride resulted 
in no pronounced elevation of either calcium or 
magnesium excretion. 

The two medical students (M. L., Table II, 
and R. L., Table III), were also given ammonium 
chloride. While the urinary calcium excretion 
of both was increased, the excretion of magne- 
sium was elevated in only one case, R. L., that of 
M. L. remaining unaffected. 

These observations on the effect of the acid- 
producing salt, ammonium chloride, indicate that 
magnesium may be used in the body as base, the 
excess usually appearing in the urine. The 
amount used is of a smaller magnitude than that 
of calcium. The amount, however, is too large 


to ascribe the source of magnesium to bone alone, 
and therefore some of it must come from soft 
tissues. Several of our observations, however, 
showed that their reaction is not always parallel 
and that calcium alone could be elevated without 
influencing magnesium. Likewise, magnesium 
may be used as base in processes of excretion even 
if an adequate amount of calcium to produce a 
positive calcium balance is given in the diet. 

The effect of ingestion of phosphate 

In a previous paper (22) it was shown that 
sodium acid phosphate differed from other acid- 
producing substances in that it did not increase 
the excretion of ammonia or calcium in the urine. 
It was also shown that the ingestion of large 
amounts of phosphorus either as inorganic salts 
or as protein had no appreciable effect upon the 
calcium balance, when the acid effect of the pro- 
tein was controlled by sodium bicarbonate. Since 
phosphorus and magnesium are present in fairly 
large quantities in all body tissues, it would seem 
not unlikely that the metabolism of one might af- 
fect that of the other. It was, therefore, of in- 
terest to study the effect of the ingestion and 
storage of phosphorus upon the metabolism of 
magnesium. The results of these observations 
may be seen in Table V. 

Patient W. N., aged 34, was suffering from 
chronic atrophic arthritis. After three control 
periods, 15 grams of sodium acid phosphate were 
added to her potentially neutral low calcium diet 
daily for seven days. No effect on magnesium 
excretion in urine or feces was obvious. 

In Patient D. A., the ingestion of 15 grams of 
sodium acid phosphate daily for six days resulted 
in a slightly lower urinary excretion of magne- 
sium than was present in the following control 
periods though the total excretion of magnesium 
was practically the same in all periods. 

From these two observations, it would seem 
that the ingestion of acid sodium phosphate has 
no more effect upon magnesium excretion than 
upon that of calcium. 

Patient L. Z., aged 18, recovering from chronic 
multiple neuritis, was studied while on a higher 
calcium intake than most of our other patients. 
The effect of a high meat diet, the acidity of 
which was buffered by means of NaHCOs, was 
first studied. On this diet, urinary calcium was 
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TABLE V* 

Effect of phosphate ingestion 
(Intake and output in 3-day periods) 





Magnesium 

Calcium 

Phosphorus 



Diet And 











Subject • 

Period 

medication per 

Excretion 



Excretion 


To- 



period 




In- 




In- 

tal 

In- 







take 




take 

excre- 

take 




Urine 

Feces 

Total 


Urine 

Feces 

Total 


tion 





grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

W. N. 

I 

Control 

.12 

.31 

.43 

.59 

.24 

.39 

.63 

.29 

1.66 

1.85 

Paper XIII (22) 

II 


.19 

.29 

.48 

.59 

.33 

.46 

.79 

.28 

1.82 

1.87 

Table I 

III 


.21 

.31 

.52 

.60 

.38 

.54 

.92 

.28 

1.99 

1.86 


IV 

Control plus 10 to 45 

.21 

.26 

.47 

.60 

.36 

.49 

.85 

.28 

2.80 

3.85 


V 

grams NaHjPOr-HjO 

.30 

.28 

.58 

.60 

.26 

.55 

.81 

.28 

8.46 

10.84 


VI 

.11 

.31 

.42 

.60 

.33 

.41 

.74 

.28 

8.83 

10.84 


VIII 

Control 

.07 

.38 

.45 

.59 

.20 

.61 

.81 

.27 

1.48 

1.85 


IX 


.09 

.39 

.48 

.60 

.33 

.67 

1.00 

.28 

2.02 

1.87 

D. A. 

XIX 

Control plus 12 grams 

.14 

.37 

.51 

.68 

.07 

.33 

.40 

.33 

7.58 

10.14 

Paper XIII (22) 
Table III 

XX 

NaHjPO^-H-O 

.18 

.43 

.61 

.68 

.06 

.56 

.62 

.34 

9.73 

10.14 

XXI 

Control 

.29 

.31 

.60 

.68 

■a 

.50 

.60 

.34 

3.88 

3.04 



XXII 


.21 

.34 

.55 

.68 


.48 

.55 

.35 

1.91 

2.15 


XXIII 


.30 

.31 

.61 

.68 

m 

.45 

.52 

.35 

1.69 

2.15 

L. Z. 

I 

Control 

.37 

.31 

.68 

.58 

1.04 

IS 

2.27 


2.41 

2.09 

Paper XIII (22) 
Table V 

II 


.42 

.23 

.65 

.58 

1.01 


1.68 

m 

2.44 

2.09 

IV 

High protein plus 

.30 

1.08 


1.14 

1.20 

1.59 

2.79 

1.55 

7.09 

6.15 


V 

NaHCOj 

.28 

.93 

1.21 

1.12 

.80 

1.38 

2.18 

1.55 

5.84 

5.66 


VI 


.28 

1.05 

1.33 

1.12 

.98 

1.40 

2.38 

1.55 

6.38 

5.65 


VII 


.19 

1.31 

1.50 

.82 

.99 

1.73 

2.72 

1.19 

5.93 

4.83 


VIII 


.34 

.90 

1.24 

.98 

1.11 

1.13 

2.24 

1.41 

6.28 

5.29 


X 

Control 

.40 

.35 

.75 

.58 

1.12 

.87 

1.99 

1.48 

3.21 

2.05 


XI 


.38 

.63 

1.01 

.58 

.91 

1.46 

2.37 

1.55 

3.11 

2.09 


XII 

Control plus 

.31 

.26 

.57 

.58 

.86 

.56 

1.42 

1.52 

3.95 

5.39 


XIII 

NaH^POrHrO and 

.22 

.52 

.74 

.55 

.63 

2.15 

2.78 

1.49 

5.24 

5.36 


XIV 

Na2HPOr-12HjO 

.17 

.48 

.65 

.53 

.42 

1.09 

1.51 

1.53 

4.69 

5.39 


XV 

Control 

.28 



.53 

.76 

1.00 

1.76 


2.10 

2.09 


XVI 


.34 

.39 

.73 

.57 

.85 

.97 

1.82 

m 

1.73 

2.09 


* See footnote to Table 1. 


unaffected, but fecal calcium was increased. The 
effect on the magnesium excretion is more diffi- 
cult to evaluate because of the increased ingestion 
involved in its high concentration in meat. In 
spite of this, the negative magnesium balance was 
increased in the feces sufficiently to make a more 
negative balance than in the control. In Periods 
XII to XIV the phosphorus intake of this patient 
was raised to approximately that of the high pro- 
tein diet by the addition to the control diet of an 
equimolecular mixture of acid and basic sodium 
phosphates. During these periods, when phos- 
phorus was being stored, the loss of calcium and 
magnesium continued as in the control periods 


although the excretion shifted slightly from the 
urinary to the fecal route. 

From the above observations, it is clear that 
magnesium exchange is not greatly affected by the 
ingestion of large amounts of phosphate and that 
storage of phosphorus is not necessarily accom- 
panied by retention of magnesium or calcium. 

However, a different situation arises when in- 
organic phosphates are added to a diet already 
very high in magnesium. This can be seen in 
the observations on the two medical students 
(M. L. and R. L., Tables II and III). As has 
already been noted, the addition of magnesium 
lactate to their adequate phosphate diet definitely 
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increased the excretion of calcium in their urines. 
When enough acid phosphate 'to buffer the large 
magnesium intake was added to tlie diet, there 
was an immediate change from a negative to a 
positive balance of calcium. This calcium storage 
was promptly lost after stopping the excess phos- 
phorus and magnesium ingestion. In regard to 
the magnesium balance there is no such consist- 
ency, for in R. L. (Table III) the magnesium and 
calcium are similarly influenced, but the addition 
of phosphates to the diet of M. L. (Table II) 
caused no significant alteration in magnesium re- 
tention. 

It is, therefore, clear that the addition of phos- 
phates to the diet does not increase magnesium or 
calcium excretion; in fact, phosphate ingestion 
prevents the stimulation of calcium excretion 
which is produced by large magnesium ingestion. 

v/sUMMARY 

1. Magnesium balance was obtained with hos- 
pital patients on an intake of 220 mgm. per day 
and magnesium storage in active subjects on 300 
mgm. per day. These may not be minimal values. 

2. There is parallelism of calcium and magne- 
sium metabolism in response to the ingestion of 
NH4CI and both inorganic and organic phosphates. 

3. The changes, however, in magnesium metab- 
olism are of much less magnitude than those of 
calcium, but they are larger than can be accounted 
for by the amount of magnesium in bone. From 
this it is apparent that an intracellular kation can 
be used for neutralizing excess acid ions in urine. 

4. Increased' magnesium lactate ingestion re- 
sulted in an increase in the urinary excretion of 
calcium, a response which was checked by large 
intake of sodium acid phosphate. 

Magnesium .lactate accentuated the effect of 
ammonium chloride in elevating urinary calcium 
excretion. It is, therefore, clear that magnesium 
ingestion increases calcium elimination. ^ 
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In this series of studies of the relationship be- 
tween calcium, magnesium, and phosphorus ex- 
change, the effect of the parathyroid hormone is 
obviously of primary interest. With the dramatic 
changes which occur in calcium metabolism, it 
might be anticipated that similar effects would be 
found in magnesium exchange, and that this might 
be evident in soft tissue as well as bone metabo- 
lism. 

Greenwald and Gross (1) found that thyro- 
parathyroidectomy in dogs had practically no 
effect on magnesium excretion. A potent para- 
thyroid extract, however, increased fecal magne- 
sium but had no effect on the urinaiy excretion 
(2). After most of the data here recorded had 
been accumulated, there appeared a publication 
by Bulger and Gausmann (3), who stated that a 
loss of calcium is accompanied by a loss of mag- 
nesium in hyperparathyroidism and that retention 
of both accompanies postoperative recovery. 

Our data differ somewhat from these observa- 
tions in untreated hyperparathyroidism. The to- 
tal magnesium excretion in our three cases of 
parathyroid adenoma showed no great loss of 
magnesium. The balances varied; in only one 
case (G. M.) was there a negative balance, the 
other two showing a greater storage of magne- 
sium than did our normal controls on a similar 
intake (4). 

However, when comparing the excretion in the 
same individual before and after parathyroidec- 
tomy we find that variations in magnesium do 
occur, as reported by Bulger and Gausmann (3). 
These variations are in the same direction though 
not of the same magnitude as the large changes in 
calcium excretion. 

The observations here reported were all made 
on patients on the same regime and approximately 
the same diets as our normal controls described 
in Paper I of this series (4). The same methods 


of analysis were also used. The case histories are 
appended.^ 

Patient G. M. (Table I), a boy of 13, was in a 
serious toxic state because of an intensely over- 
active parathyroid adenoma. This condition was 
entirely relieved by operation. Very careful 
metabolic observations were made upon him be- 
fore and promptly after the complete removal of 
his 11.8 gram parathyroid adenoma. A third ob- 
servation on exactly the same routine was obtained 
three months after the operation. These studies 
were made with both high and low calcium diets 
in order to observe variations in absorption and 
excretion which these changes might produce, but 
no clear cut variation in magnesium metabolism 
was obvious. The slight changes in excretion 
were those to be anticipated from the increased 
magnesium ingestion necessitated by the change in 
diet. 

It is readily seen that immediately after opera- 
tion there is a marked fall in urinary magnesium 
excretion and a less dramatic drop in the fecal 
magnesium. These changes, however, had partly 
disappeared three months after the operation, 
though the storage of calcium was then most dra- 
matic. The variations of magnesium metabolism 
must be interpreted with due regard to changes in 
weight. Thus, during the pre-operative periods 
(I to V) and in the observation three months 
after his operation (XI to XV) his weight was 
stationary, while he was gaining much weight dur- 
ing the periods immediately after operation. The 
amount of soft tissue magnesium involved, as well 
as that which should accompany calcium storage 
in bone can be roughly calculated. The definite 
diminution of magnesium excretion in the first 
postoperative periods is not comparable to the dra- 
matic total change in the calcium balance but is 
more than ten times as great as the amount to be 
expected from tlie calcium balance if the ratio in 

^ These patients are also discussed in another paper 
(5). 
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TABLE I 

Patient G. M., No. 32—599. Parathyroid adenoma 
(Intake and output in 3-day periods) 


Date 

Period 

Diet 

Body 

wt. 

Vol- 

ume 

of 

urine 

1 

Magnesium 

Calcium 

Phosphorus 

Nitrogen 

Scrum 

values 

Plas- 

ma 

phos- 

pha- 

tase 

1 

Excretion | 

1 

In- 1 
take 

Excretion I 

! 

In- ! 
take ; 

Excretion 

In- 

take 

1 

1 

Excre- 

tion 

In- 

take 

1 

Ca 

P 

Urine ! 



Urine 

Fcccfl 

Tol.il 

Urine 

Fcccs 

Total 

Urine 

ioss 



kgm. 

CC. 1 

oramB | 

CramB 

fframB 

crams 

0ram« | 

1 

crams ; 

prom* 

cramt 

crams 

crams 

crams 

crams 

crams j 

crams 

mcm. per 
fnn rr. 

until 

May 




1 






i 

1 







1 





18-20 

I 

Low ! 

32.5 

7020 

.34 

.44 

.78 

.61 

1.05 

.48 , 

2.43 

.29 

2.55 

.41 

2.00 

7.05 

21.0 1 

218 

j 10.4 

UJ 

.09 

21-23 1 

II 

colclum 1 

32.5 

00201 

.31 1 

.40 

.77 

.51 

2.15 

.60 

2.05 

.20 

2.52 

.40 

2.0S 

1.05 

21.5 1 

21.8 




24-20 1 

III 

High 

32.4 i 

0230 

.35 j 

.48 

.83 

.83 


isi 

G.07 


3.00 

1.77 

4.77 


29.8 

38.8 




27-20 

IV 1 

calcium 

32.0, 

OOSOi 

.44 

.45 

.80 

.82 



6.42 


3.30 

1.01 

4.97 

ExiM 


: 38. 1 

18.0 

4.1 


30-Junc 1. 

V 


32.2 


.44 

.43 

.87 

.82 

1 


m 

6.20 

1 


3.44 

1.03 

5.07 

4.00 


36.9 





rAnATninoiDECTOirr — jtjot 4, 1032 


Juno 












1 

1 



1 

1 

1 



■ 

12-14 

VI 

High 

33.1 


.13 

.54 

.07 

.83 

Ha 

3.59 

3.03 

4.70 I 

1.50 

1.77 

3.27 

KXHifl 








calcium 

















8.5 f 


15-17 

ni 


33.8 


■UIB 

.04 

.74 

.83 


3.20 

3.22 

4.70 

■m 

2.18 

4.00 

4.00 

21.3 

38.7 

7.1 

4.0 


18-20 

VIII 


34.3 


.11 

.34 

.45 

.83 


3.12 

3.14 

El^ 

2.21 

.98 

3.19 



38.7 

7.5 



21-23 

IX 


34.7 

5230 

.14 

.34 

.48 

.83 


2.32 

2.34 

4.70 


.08 

3.47 



38.7 

7.5 

4.0 

2.90 


BECOKD ADMISSION— SEnEUBER 8, 1032 


September 

14-16 

17-19 

1 

XI 1 

XII 

1 

High 1 
calcium 

1 

m 

1 

5300 1 
4980 

.30 1 
.35 

.42 1 
.44 

.78 

.79 

.83 

.83 

.02 1 
.02 

1 

1.00 1 
1.67 

1.02 

1.09 

4.70 1 
4.70 

2.00 

2.74 

.01 

.05 

3.21 

3.39 


30.8 

30.8 

38.7 

38.7 

10.4 

10.4 

5.2 

6.1 

1.51 

20-22 1 

XIII 

Low 

40.1 

mi 

.23 

.21 

.44 

.51 

.02 

,10 

.121 

.29 

in 

.25 

1.94 

1.65 

10.2 

21.8 




23-25 1 

XIV 

calcium 

40.0 


.22 

.20 

.42 

.51 

.01 

.11 

.12 

.29 

■fa 

.33 

2.00 

1.65 

1.5.7 

21.8 




26-28 

XV 


40.0 

4040 

.22 

.30 

.52 

.61 

.01 

.09 

.10 

.29 

lil 

.30 

1.51 

1.65 

15.9 

21.8 

9.7 




29-31 

XVI 

High 



.28 

.40 

.08 

.83 


1.42 

1.43 


1.93 


2.63 


26.4 

38.7 




October 


calcium 


I 








1 




1 






1-3 

XVII 

plus 



, .32 

i .30 

.08 

, .83 


1.62 

1.00 

4.70 

2.02 


3.33 

4.00 

31.6 

38.7 

■UXjB 

liSJ: 

.92 

4-0 

XVIII 

viosterol 


■ 


.33 

.03 

.83 


1.08 


4.70 

2.20 


2.90 


27.0 

38.7 


1 

.83 


bones is taken to be Ca ; Mg = 100 : 1. It seems, 
therefore, justifiable to assume that soft tissue 
magnesium is involved in the phenomenon. If 
one assumes a concentration of 20 mgm. per cent 
of magnesium in soft tissues, the average gain of 
400 grams in weight in the first postoperative pe- 
riods represents 80 mgm. of magnesium which 
should be stored in each of these four periods. 
The amount of calcium stored during this time 
averages 1.68 grams per period, or, at the bone 
ratio of 100:1, 17 mgm. of magnesium. The 
sum of these rough approximations — about 100 
mgm. — is still less than half the actual average 
gain in magnesium (245 mgm. per period). 
Therefore, there was a striking storage of magne- 
sium immediately after correction of this hyper- 
parathyroidism. The observation suggests that 
much of this reduction is dependent upon soft 
tissue rather than bone exchange. Three months 
later, when calcium retention was increased in 


intensity, the magnesium excretion still showed 
a lower level than before operation, though not 
of great magnitude. This influence is more ob- 
vious during the periods of low calcium and mag- 
nesium diet, where both urinary and fecal excre- 
tion are still reduced. Part of this retention still 
appears to involve soft tissue magnesium. Here, 
then, the metabolic exchanges do run parallel, but 
the calcium retention is of greater intensity and 
of longer duration. 

Patient A. R. (Table II), was a woman of ^ 
years, who had mild symptoms from a parathyroid 
adenoma, relieved by operation. At her first ad- 
mission, following x-ray-induced menopause, she 
showed a nearly normal serum calcium level. 
During the second observation, six months later, 
the metabolic evidence definitely indicated para- 
thyroid overactivity. The third study was made 
six weeks following a successful removal of a 
small parathyroid adenoma. 
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TABLE II 

Patient A. R., No. 32-291. Parathyroid adenoma 
(Intake and output in 3-day periods) 


Date 

Period 

Diet 

Body 

wt. 

j Magnesium 

Calcium 1 

Phosphorus 

Nitrogen 

Serum values 
(fasting) 

Plas- 

ma 

phos. 

pha- 

tase 

Excretion 

In- 

take 

Excretion 

In- 

take 

Excretion 

In- ; 
take 

Excre- 

tion 

In- 

take 

Mg 

Ca 

p j 

Urine 

FcCC3 

Total 

Urine 

Fecca 

Total 

1 

Urine 

Feces 

Total 

Urine 

ms 



kgm.[ 

gramt 

gramt 

gramt 

gramt 

gramt 

gramt 

gramt 

gramt 

grams 

grams 

grams 


grams 

grams 


units 

April 



















1 1 



6-7 

II 

High 

83.2 

.25 


.65 

.93 

.99 

2.38 

3.37 

5.84 

3.90 

1.21 

5.11 

6.43 




■RM 

1.7 


8-10 

■ul 

calcium 

83.2 

.27 

.45 

.72 

.93 

mMm 

reiTil 

Elnl 

5.84 

4.10 

1.17 

5.27 

! 6.43 







11-13 

H 


83.7 

.25 

.61 

.76 

.93 

1 .92 

■IgJ 

2.82 

5.84 

4.16 

1.08 

5.24 

6.43 




11.2 




BECOHD ADMISSION— OCTOBER 17, 1932 


October 
21-23 

VI 


W.l 

.25 

.20 

.45 

.51 

.62 

.12 

.74 

.29 

1.93 

.41 

2.34 

1.65 

20.6 

21.8 

I 

13.6 

1 

2.5 

1.36 

24-26 

VII 

calcium 

81.1 

.20 

.23 

.49 

.51 

.75 

.13 

.88 

.29 

1.74 

.49 

2.23 

1.65 

20.5 

21.8 











30-Novem- 

IX 

High 

calcium 

84.4 

.32 

.29 

.61 

.93 

1.93 


2.59 

5.84 

3.71 

.58 

4.29 

6.44 

51.5 

58.5 



i 


2-i 

X 

84.2 

.38 

.44 

.82 

.93 

2.10 

1.06 

3.16 

S.frl 

3.78 

.74 

4.52 

6.44 

49.6 

58.5 

3.1 

13.0 

Efl 

1.080 

5-7 

XI 

83.6 

.37 

.43 

.80 

.93 

2.08 

1 

1.08 

3.16 

5.84 

4.20 

.70 

4.90 

6.44 

51.0 

58.5 

2.8 

13.6 


.9 



■ 



PARATHTROIDECTOUI— DECEMBER 2, 1932 
THIRD ADMISSION— lANDART 18, 1933 


ms 

January 

26-28 

29-31 

February 

6-7 

8-10 

XIII 

XIV 

Low 

calcium 

83.9 

83.4 

.16 

.21 

.36 

.22 

.61 

.43 

.51 

.61 

.02 

.02 

.30 

.19 

.32 

.21 

.29 

.29 

1.65 

1.69 

.69 

.43 

2.24 

2.02 

1.65 

1.65 

19.6 

19.0 

21.8 

21.8 


9.8 

9.0 

3.9 


High 

calcium 

83.2 

83.0 

.25 

.34 

.39 

,46 

.64 

.80 

.93 

.93 

.13 

,19 

2.08 

2.92 

2.21 

3.11 

5.84 

6.84 

3.44 

3.60 

.91 

1.20 

4.35 

4.70 

6.44 

6.44 

57.4 

48.7 

68.5 

58.5 


0.8 

4.2 


The data accumulated during the second ob- 
servation, therefore, represents the period of 
parathyroid overactivity. The urinary figures in- 
dicate a somewhat larger magnesium excretion 
than in either the first or the third study, just as 
occurred with the urinary calcium, but the total 
output of magnesium in the three observations 
remained the same. In this patient there was a 
definite storage of magnesium during and after 
the hyperparathyroid state and the change from a 
low calcium and phosphorus diet to one very high 
in both of these constituents had little if any ef- 
fect on the magnesium metabolism. If the re- 
moval of the parathyroid adenoma had any ef- 
fect upon the magnesium balance, it was not ob- 
vious two months after the operation except in 
regard to the proportion excreted in the urine. 

E. M. was a normal male control of 64 years, 
who had had a severe lead colic three months be- 
fore the observation. Kept on a constant diet 
(except for a slight change after the fourth pe- 


riod), he received parathyroid extract - (Lilly) as 
indicated in Table III. 

The effect on the calcium metabolism was typi- 
cal and of large proportions. The effect on mag- 
nesium exchange certainly was not large, although 
there was an increase in urinary excretion in Pe- 
riods IV and V which is more than can be ac- 
counted for by the increased calcium excretion 
from the bones. This elevation was not constant, 
however, and returned to the control level in the 
last period, while calcium elimination remained 
high. 

Can magnesium substitute for calcium in the 
body? 

Inasmuch as magnesium has apparently often 
mimicked in small degree the calcium changes 
which follow acidosis (4) and parathyroid stimu- 

- We are indebted to Eli Lilly Co. for this parathyroid 
extract. 


























































































































TABLE III 

E. M., No. 33-1159. The effect of parathyroid extract 
(Intake and output in 3-day periods) 


DOROTHY M. TIBBETTS AND JOSEPH C, AUB 


Scrum 

values 

fL 

— < 00 
Sv5 rdrd 

^ Vi 

3.8 

CO CM 

to to 

3.5 

rt 

U 

m?m. 

100 

9.8 

10.0 

11.9 

16.4 

17.1 

15.3 

i 

9.8 

Nitrogen 

Intake 

E 'C'O 

o 00 00 
fc C'l CM 

28.6 

28.6 

28.8 

28.8 

00 

00 

CM 

Excre- 

tion 

Urine 

grams 

26.8 

25.2 

27.7 

26.4 

22.8 

27.2 

26.6 

Phosphorus | 

Intake 

O • • 

k, C'lCM 

2.14 

2.14 

2.23 

2.23 


i 

Excretion 

1 

5 

o 

R r}< 

§ ^ CO 

3.11 

|3.59 

3.06 

2.53 

1 


01 

o 

u 

•0 

5 Cl 

5 Os t- 

1C to 

CO 

^ to 

VO 


o 

B 

grams 

1.20 

1.05 

2.26 

[2.86 

! 

2.32 

1.88 


Calcium 

1 

Intake 

grams 

.30 

.30 

O O 
to to 

to to 

to 

Excretion 

2 

o 

t- 

grams 

.58 

.51 

.60 

1.32 

1.95 

1.57 

.57 

or) 

O 

U 

o 

(Z4 

E lO ro 

? lO 

to 

CM 00 
to 

vq 

.48 

<y 

.E 

D 

B ro 00 
o O O 

00 

O 00 

1.34 

1.13 

cq 

Magnesium 

Intake 

B loio 

5 vo 'o 

miio 

xovo 

oo 

.70 

Excretion 

o 

n 

S oo-H 
o so O 

So 

ro O 
so 00 

00 sq 


0) 

o 

o 

o 

U* 

grams 

.44 

.35 

J>. so 
ro to 

^ t}< 

iq to 


o 

C 

*c 

H VO 

2 ^ ^ 

so 

to so 
to CS 

CM 

Titrat- 
able 
acidity 
plus 
ammo- 
nia in 
urine 

S’ 

i 

1973 

1194 

1 

1 

1410 

Vol- 

ume 

of 

urine 

cc. 

7750 

8520 

8440 

8490 

7450 

7870 

6790 

Body 

weight 

1 

kgm. 

57.8 

57.5 

56.8 

57.0 

56.5 

56.7 


Diet and 
medication 

Control, low cal- 
cium 

Same, plus 1500 
units parathyroid 
extract 

Same, plus 750 
units parathyroid 
extract 

Control 

Period 

HH I-H 
►— » 


V 

VI 

XIII 

Date 

1933 

September 

14-16 

17-19 

20-22 

23-25 

26-28 

29-October 1 . 

20-22 
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TABLE IV 

Patient F. G., No. 35-69. Parathyroid adenoma. The effect of magnesium ingestion 
(Intake and output in 3-day periods) 


Dato 

Pc- 

Hod 

1 

Diet and 
dedication 

Body 

wt. 

i 

Vol- 

ume 

of 

urine 

Wet 

weight 

of 

stools 

, Calcu- 
! lat^ 
i acid- 
; Ity 
of 

intake 

I Magnesium 

Calcium I 

1 

i 

Phosphorus 

Serum values 
(fasting) 

Excretion 

In- 

take 

Eicretion 

i 

In- i 
take 1 

Excretion 

In- 

take 

' i 
Mgi 

j 

Ca 

P 

Vrlne 

Feces 

Total 

‘Drine 

Feces 

Total 

Urine 

Feces 

Total 

iSS5 

January 

20-22.... 

23-25.... 

li 

Moderate cal- 
cium 

hgm. 

12A 

! cc. 

6120 

5850 

gramt 

215 

210 

cc. 

mto 

-10 

-10 

gramt 

.27 

.33 

{rrami 

.30 

.29 

grams 

.57 

.62 

grams 

.91 

.91 

gram$ 

1,36 

1.45 

grama 

1.13 

.99 

1 

grama 

2.20 

2,20 

grama 

2.92 

3.06 

grams 

.57 
.58 1 

grams 

3.49 

3.64 

grams 

3.74 

3.74 

171 

2.9 

2.6 

gm. Pi 
100 cc. 

15,5 

14.3 

T 

2.9 

26-28.... 

in 

Same plus 17 



400 

-2482 i 

.23 

1.25 

1.48 

3.91 

1.24 

1.39 

2.63 

2.20 

2.78 

.76 

3.52 

3.74 




29-31,... 

IV 

grains magne- 



1030 

-2482 : 

.45 

3.12 

3.57 

3.91 

1.17 

2.10 

3.27 

2.20 

2.67 

1.08 

3.75 

3.74 

2,5 

14.2 

! 3.0 

February 


dam gluconate 




i 















1 

1-3 





835 

-24S2 : 

.44 

1.98 

2.42 

3.91 

1.14 

1.25 

2.40 

2.20 

2.72 

.73 

3.45 

3.74 

2.4 


1 2.8 

4-6 

i 


n.ti 


985 

-2482 i 

.60 

2.52 

3.12 

3.91 

1.16 

1.72 

2,88 

2,20 

2.67 

.88 

3.55 

3.74 

2.5 

1 

f2.7 

t 
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February 



















1 



11 














1 





2,5 

9.5 

4.0 

18 














j 





1.4 

7,7 


19 













i 

i 


1 



1.7 i 

8,3 
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lation, it is of interest to see whether magnesium 
can be substituted for the great drain of calcium 
imposed on the bones by an overactive parathyroid 
adenoma. 

Patient F, G., a woman of 41 years, was a typi- 
cal case of markedly overactive parathyroid ade- 
noma, with large, multiple bone cysts, a renal 
stone, and a quiescent duodenal ulcer. In the 
metabolic research routine she was purposely 
given a moderately high calcium diet, large enough 
to produce only a relatively slight calcium loss 
from the body. After the control periods, mag- 
nesium gluconate was added to the regime. If 
magnesium could substitute for calcium in the 
body metabolism, then the calcium excretion 
should be reduced by this addition. The data are 
collected in Table IV. 

The calcium exchange in the control periods, 
with the very high values for urinary excretion, is 
characteristic of the disease. The addition of 
magnesium gluconate to the diet increased the to- 
tal calcium output in three out of four periods. 
This increase was entirely due to fecal excretion, 
as there was a definite decrease in urinary elimina- 
tion. The average increase in the feces of 560 
mgm. of calcium per period might be attributed to 
the cathartic effect of magnesium gluconate. 
However, two normal controls studied during 
three periods of constipation and four periods of 


diarrhea induced by cascara showed an average 
increase in weight of wet feces of 700 grams per 
period while the increase in fecal calcium excre- 
tion averaged but 50 mgm. per period (5). The 
increase in this case of hyperparathyroidism on 
magnesium ingestion is, therefore, ten times that 
found in these controls. 

Magnesium was dramatically stored in this 
whole observation. Even in the control periods it 
was stored in amounts we have never observed 
elsewhere. 

The phosphorus balance remained essentially 
unchanged. If the large magnesium retention 
had been stored 'as phosphate, a greater retention 
of phosphorus should have been present in the 
periods of magnesium ingestion. We are unable 
to explain this. 

From these observations it is obvious that mag- 
nesium cannot be substituted for calcium excre- 
tion in the hyperparathyroid state. In fact, it 
increases the loss of calcium (average of 340 
mgm. per period). It is possible, however, that 
the magnesium retention may be substituting for 
the great loss of calcium from the bones. Eri- 
dence for increased relative amounts of magne- 
sium in bones in osteomalacia, rickets, etc., docs 
exist in the literature, though the evidence is by 
no means unanimous (6, 7). The fact that in 
this case, with severe decaldfication and large 
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multiple bone cysts, tliere was a constant large 
positive magnesium balance; that there was a 
similar storage even on a very low magnesium in- 
take in a case of steatorrhea with tetany (8) ; and 
that in two normal controls on a low calcium in- 
take (4) there was a slight reaction of the same 
nature, suggests that the calcium lost from the 
bones may be replaced by magnesium. Direct 
bone analyses are needed to investigate this. 

CONCLUSIONS 

From these observations several conclusions 
can be stated. 

1. The magnesium excretion in the hyperpara- 
thyroid state is essentially at a normal level, and 
two of our three cases stored more magnesium 
than did the normal controls. 

2. Correcting the hyperparathyroid condition is 
followed, however, by a temporary fall in magne- 
sium excretion, particularly in the urine. This 
reduction is slight in comparison with total cal- 
cium reduction, but is greater than is to be ex- 
pected from the ratio Mg : Ca in the bones. 

3. A few months after parathyroidectomy, the 
magnesium excretion returns toward the preop- 
erative level, while calcium retention remains in- 
tense. 

4. The administration of parathyroid extract 
temporarily raises urinary magnesium excretion to 
a degree which indicates that some is derived from 
soft tissue. 

5. Magnesium excretion appears to be inde- 
pendent of changes in calcium intake in hyper- 
parathyroidism. 

6. The addition of magnesium gluconate to the 
diet does not relieve the drain upon body calcium 
due to hyperparathyroidism, as would the admin- 
istration of calcium. The reverse is true, for in- 
creased magnesium ingestion increased calcium 
excretion. 

7. Although magnesium is not substituted for 
calcium in the excretion during hyperparathy- 
roidism, the storage of magnesium suggests that 
it may possibly substitute for calcium in the bones. 

CASE HISTORIES 

G. M. (C. P. Huntington Hosp. No. 32-599, P. B. B. 

H. No. 78536), male, was 13 years of age. Never a 
strong child, he had frequent “ bilious ” attacks. Three 
years before entrance he had severe erysipelas. He has 


never walked well since, and usually pulls himself up- 
stairs with the aid of his hands. He has always had 
polydipsia, polyuria, and enuresis, particularly for the 
last eight months. He complained of pain in his back 
and increasing weakness and dyspnea. Two months be- 
fore the present studies he went to the Harvard Dental 
School where a giant-cell tumor of the jaw was twice re- 
moved. The x-ray disclosed a generalized osteoporosis 
without cysts and without renal calculi. 

Physical examination reveals a very emaciated, poorly 
muscled, 'tall boy, with moderate beading of costo- 
chondral junctions. There is a palpable, soft, walnut- 
sized mass above the left clavicle over which no bruit 
could be heard. The left clavicle is disarticulated, muscu- 
lar development and coordination of movements are very 
poor. There is a nightly enuresis, unless he is awakened 
hourly. Laboratory data (not presented in the tables) 
include : 

Basal metabolic rate: -f- 10 per cent (Aub-DuBois). 
Blood: Red blood cells — 3,600,000; hemoglobin — 65 per 
cent (Sahli standard 10.1 grams of hemoglobin per 
100 cc.). 

Urine: Specific gravity never above 1.011. Albumin- 
trace. Sediment showed few granular casts and a 
moderate number of pus cells. Phenolsulphonphtha- 
lein test 35 per cent. Nonprotein nitrogen 39 mgra. 
per cent. 

After a period of metabolic study the patient was 
transferred to the Peter Bent Brigham Hospital and on 
June 4, 1932, Dr. Homans removed a large parathyroid 
adenoma. This weighed 11.8 grams and histologically 
was composed predominantly of “ Wasserhelle ” cells. 
On June 6 the blood calcium had fallen to 9.0 mgm. per 
cent. On the sixth postoperative day the patient re- 
turned to the Huntington Hospital for continuation of his 
metabolic studies. 

In the four subsequent years the patient has been essen- 
tially well. 

A. R. (C. P. Huntington Hosp. No. 32-291; M. G. H. 
series. Case No. 8; path. No. 32-4330), female, was 44 
years of age. She felt perfectly well except that for 
the last five months she had pain in her right hip. At 
that time (March 1932), x-ray examination showed an 
extensive destructive process in the right ilium without 
evident decalcification of other bones. A right kidney 
stone was visible. At this time, before she had a medica 
consultation (March 7 to 16, 1932), she w^ given 
1,000 r units of x-ray therapy over her pelvis. This 
resulted in permanent amenorrhea. On March 16 her 
serum calcium was 14.8 mgm. per cent, and her serum 
phosphorus was 1.7 mgm. per 'cent. On March 18 d 
calcium was 14.0 mgm. per cent, and her phosphorus was 

1.5 mgm. per cent. She was admitted to the ColHs 
Huntington Memorial Hospital on March 28, 1932, or 
metabolic studies. These were repeated in October an 
November, 1932. On December 2, 1932, she was operated 
upon at the Massachusetts General Hospital by 
Churchill and Dr. Cope, and a parathyroid adenoma ot 
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transition " Wasserhelle ” type was removed. Between 
January 18 and February 17, 1933, she had further meta- 
bolic studies at the Huntington Hospital. 

Subsequent course: she has been seen repeatedly and 
has felt perfectly well, though she has gained too much 
weight. She has had hot flashes and has not menstruated 
since the x-ray treatment. 

F. G. (C. P. Huntington Mem. Hosp. No. 35-69; P. B. 
B. H. No. 89994) was a married woman of 41 years of 
age. She had been operated upon for a ruptured gastric 
ulcer eight years ago and for the removal of a kidney 
stone four years ago. Since then she has had difficulty 
in walking because of pain in the legs and lower back. 
Nine months ago she fell on her back, and x-rays dis- 
closed a generalized severe osteitis fibrosa cj'stica. 

Physical examination showed nothing remarkable ex- 
cept marked pyorrhea, some tenderness over the tips of 
both tibiae, and abdominal scars. 

Extensive laboratory studies showed normal results 
except that x-ray showed many multilocular cysts, gen- 
eralized osteoporosis, and a kidney stone. The urine 
showed consistent low specific gravity. The feces fre- 
quently had evidence of occult blood. Serum calcium 
level was repeatedly above 14 mgra. per cent, and phos- 
phorus level below 2.2 mgm. per cent. 

On February 8, 1935, an oxyphil type of parathyroid 
adenoma was removed by Dr. Zollinger and Dr. Cutler at 
the Peter Bent Brigham Hospital.' This was promptly 
followed by a drop of serum calcium to 7.0 mgm. per 
cent, and serum phosphorus rose to 3.7 mgm. per cent. 
Since then there has been great improvement. X-ray 
shows the bone cysts are filling in, and except for an 
• increase in weight and a lowered basal metabolic rate the 
patient finds herself very 'well. 
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In an effort to study the relation of magnesium 
to other inorganic salt metabolism, three diseases 
other than hyperparathyroidism come to mind. 
The thyroid gland has been shown to exert an 
enormous influence on calcium metabolism, and in 
exophthalmic goiter, even though the blood cal- 
cium level is normal, there is the largest calcium 
excretion found in any disease (1). In steator- 
rhea is found a very high fecal calcium excretion 
and often, as a result of deficient calcium absorp- 
tion, a low blood calcium level with resultant tet- 
any (2, 3, 4) . Obviously, it is of interest to study 
the magnesium excretion in these two diseases. 

Addison’s disease represents a different prob- 
lem. It has been shown by Loeb (5) and by 
Harrop et al. (6) that this disease represents a 
primary disturbance in sodium chloride metabo- 
lism. Whether the calcium or magnesium excre- 
tion were abnormal in this disease had not been 
investigated. A large variation from normal me- 
tabolism of either of these bases would not be 
obvious when total base analyses alone were made, 
because of their relatively small magnitude in re- 
lation to that of sodium. If any close relationship 


exists between extracellular sodium and magne- 
sium or calcium metabolism it should be obvious 
in a study of Addison’s disease. Therefore, these 
three problems have been investigated and are 
here reported, using the same ward routine and 
analytical methods as described in Paper I of this 
series (7). 

The magnesium metabolism in exophthalmic 
goiter is reported in Table I. 

The remainder of the metabolic data on these 
patients can be found in a previous publication 
(8) and are, therefore, not repeated here. In 
these two patients with enormously high calcium 
and phosphorus excretions, the magnesium output 
is no higher than in our normal controls (7) — in 
fact, the fecal excretion is somewhat lower and 
both subjects stored magnesium. Too much 
stress may not be laid upon the low excretions, 
however, because these women were small and 
emaciated, compared to our normal male controls. 
However, it must be concluded that exophthabiiic 
goiter does not stimulate magnesium elimination, 
inasmuch as it is so obviously stored on only a 
moderately high intake. In this disease, fhere- 


TABLE I 


Magnesium metabolism in exophthalmic goiter 
(Output and intake in three-day periods) 


Patient 

Period 

Basal 

meta- 

bolic 

rate 

Wt. 

Magnesium 

Calcium 

Phosphorus i 

Nitrogen 
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values 

Excretion 

; In- 
take 

[ Excretion 

In- 

take 
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take 

Urine 
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Ca 
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Urine 
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TABLE II 

Alice D. {11. II. No. 32-451). Basophilic adenoma 


Period 

Macncsiiim j 

Calcium 

Phosphorus 

Serum 

Excretion 

Intake 

Excretion 

Intake 

Excretion 

Intake 

Mg 

Ca 

P 







Urine 



loss 

I 

April 13-15 

Crotns 

.16 

grams 

.20 

grams 

.36 

grams 

.55 

grams 

.65 

grams 

.27 

grams 

.92 

grams 

.30 

grams 

.87 

grams 

.47 

grams 

1.34 i 

grams 

1.86 

mgm, 
Per cent 

mgm» 
per cent 

9.8 

mgm. 

Percent 

2.7 

II 


1 














April 16-18 

.12 

.41 

.53 

.55 

.84 

00 

1.32 

.30 

.75 

1.08 

1.83 

1.86 




1035 
















III 
















September 20-22 

.11 

.27 

.38 

,56 

.08 

.31 

.39 

.30 

1.16 

.49 

1.65 

1.94 

2.4 

10.0 

3.4 

IV 
















September 23-25 

.12 

.25 

.37 

.56 

.08 

.29 

.37 

.30 

1.37 



1.94 

2.5 

10.2 

3.8 


fore, magnesium excretion does not parallel that 
of calchtm. 

We have also studied an extraordinary case (9) 
of basophilic adenoma (Cushing’s Disease), which 
is being fully reported elsewhere. The subject 
(Alice D., Table II) had a remarkable return to a 
completely normal state following x-ray treatment 
to the pituitary gland. Metabolic studies before 
and after treatment disclose dramatic changes in 
the calcium excretion which are not manifest in 
the elimination of magnesium. This is another 
example of the possible independence of excretion 
of these two kations. 

Mrs. DeLaB. (Table III) had steatorrhea with 
tetany (the history and metabolic findings have 
been reported in a previous paper (2), as well as 
by Bauer and Marble (3)). Associated with the 
low blood calcium there was an extremely low cal- 
cium excretion in the urine but a relatively high 
calcium output in the feces, so that the total cal- 
cium output was greater than in our normal con- 
trols. In contradistinction to our normal con- 
trols, the effect of ammonium chloride ingestion 
had no effect upon urinary calcium. Ingestion of 
calcium chloride in large amounts resulted in a 
large storage of calcium and some elevation of her 
blood calcium. 

The new metabolic data here reported show 
that the magnesium excretion in the control pe- 
riods does not appear abnormal. The urinary 
excretion, while lower than that of some of the 
male controls, is not different from that of W. N. 


(Paper I of this series. Table I) nor of that of 
the other women in this paper. The fecal excre- 
tion is lower than usual, again the reverse of the 
calcium picture; so that in the control periods 
there is no parallelism between calcium and mag- 
nesium excretion. 

In the periods of ammonium chloride inges- 
tion, there is no response either of calcium or of 
magnesium, so that, obviously, in this patient at 
least, magnesium could not substitute for a defi- 
cient calcium in buffering acid ions in the excreta. 
Neither did a great shift in the direction of the 
calcium stream, obtained by giving large amounts 
of calcium chloride, change the rate of magnesium 
excretion. It is interesting that on this relatively 
low magnesium diet, this patient stored magne- 
sium, In the twenty-two periods analyzed during 
her thirty periods of study, she stored 1.74 grams 
of magnesium, or 2.6 grams (approximated) for 
the total time during which she gained 1.7 kgm. 
in weight. Here, again, is the suggestion that 
when calcium is lost to the body magnesium is 
stored. 

Therefore, it seems justifiable to summarize this 
study by the following observations. 

1. Steatorrhea, with its high fecal output of cal- 
chirn, has a low excretion of magnesium, normally 
distributed between urine and feces. 

2. In such a case of calcium deficiency with tet- 
any, magnesium does not replace calcium as a 
buffer base. 

3. Calcium may be very actively stored by t le 
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TABLE IV 

J. F. (II, II,, No. 35-720). Addison’s disease 


(Output and intake in three-day periods) 


Medication 

Pe- 

riod 

Vol- 

ume 

of 

urine 

MnRncsium 

Calcium 

Pliosphorus 

Scrum values 

Excretion 

In- 

take 

Excretion 

In- 

take 

Excretion 

In- 

take 

Mb 

Ca 

Na 

H 

P 

Cl 

Urine 



Urine 

I'CCCS 1 

Total 



Total 

Eschatin 
+ NaCi 

I 

cc^ 

4520 

grants 

.25 

crams 

.19 

crams 

.44 

crams 

.45 

crams 

.14 

crams 

.48 

crams 

.62 

crams 

.29 

crams 

1.01 

crams 

.40 


crams 

1.50 

m. 

eq. 

1.7 

m. 

eq. 

5.1 

m. 

eq. 

136 

m. 

eq. 

4.2 

m. 

eq. 

2.7 

m. 

eq. 

112 

II 

4940 

.20 

.18 

.38 

.45 

.14 

.49 

.63 

.29 

.95 

.42 

1.37 

1.50 

2.0 

4.9 

135 

4.5 

2.4 

104 

No medi- 
cation 

III 


.20 

.23 

.43 

.45 

.06 

.72 

.78 

.29 

1.01 

.62 

1.63 

1.50 

2.3 

5.2 

128 

4.2 

2.7 

98 

IV 

5530 

.22 

.13 

.35 

.42 

.04 

.41 

.45 

.28 

1.12 

.33 

1.45 

1.39 

2.1 

5.5 

116 

4.4 

2.9 

94 

Eschatin 
+ NaCl 

1 

V 

3750 

.20 

.06 

.26 

.32 

.09 

.54 

.63 

.28 

1.24 

.41 

1.65 

.95 


4.9 

128 

1 

4.5 

m 

102 

VI 

5720 

.19 

.18 



.15 

.67 

.82 

.29 

1.26 

.49 

1.75 

1.50 

1.7 

4.9 

132 

4.5 

2.4 

104 


in this patient. This diminution in excretion was 
associated with a significant elevation of the se- 
rum calcium. There is a possibility that the ele- 
vated serum- calcium might be due to an elevated 
serum protein, which was not determined because 
of a desire to use a minimal amount of blood. 
Such an elevated serum protein has been pre- 
viously described (10). 

The article of Rubin and Krick (11) appeared 
as this article was going to press. They found a 
reduction of positive 'calcium and magnesium bal- 
ances in adrenalectomized rats, which they par- 
tially associate with diminished food intake. This 
relationship in their observations appears to be 
correct, as our patient who did not suffer from 
diminished food intake does not show the change 
in balances which they describe. 

This lack of effect on 'inorganic salts other than 
sodium chloride is very interesting. With the 
dramatic fall in serum sodium, and with the large 
diuresis from body fluids (water intake remained 
constant) one 'might well expect an increased ex- 
cretion of an intracellular base such as magne- 
sium; but the excretion was unaffected and the 
blood serum level remained within normal limits, 
and barely changed beyond 'the limits of error of 
the determination. The same is true of the blood 
findings for potassium,^ the other intracellular 

1 The blood analyses of sodium, potassium, and chlo- 
rides were very kindly done by Dr. Alan Butler of the 
Children’s Hospital, Boston. 


base, but because of this normal blood level we did 
not study its excretion. 

SUMMARY 

These observations record the study of four 
diseases which markedly influence the metabolism 
of several inorganic elements. Exophthalmic 
goiter has a marked elevation of calcium excretion 
without change in blood level. A case of Cush- 
ing’s syndrome also showed a great loss of cal- 
cium before treatment, which changed to an excre- 
tion below normal after disappearance of the dis- 
ease. Addison’s disease has a 'high excretion of 
sodium chloride which is so large it is accompa- 
nied by an extensive fall of these ions in the blood 
serum. However, none of these abnormalities, m 
which a fundamental change in inorganic salt 
metabolism is involved, have much effect on mag- 
nesium metabolism. In all of these conditions, 
the magnesium excretion is ‘a little lower than in 
normal controls, and in pituitary basophilism it 
remains unchanged in the two observations m 
spite of the marked changes in calcium excretion. 
Also, in an individual with steatorrhea, where cal- 
cium is absorbed with sufficient difficulty so that a 
low blood calcium and tetany results, one finds no 
fundamental abnormality of magnesium excretion. 

The extreme specificity -of these effects is inter- 
esting. One would expect some reciprocal rela- 
tionship in an organism in which electrolyte leve s 
are so closely guarded. No such influence, how 
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ever, is obvious in these observations. Thus, we 
have a situation of two kations, closely related 
chemically, which may behave quite independently 
in the body. Magnesium, essentially a constitu- 
ent of cells, may 'be but little influenced by the 
factors which affect calcium excretion. Indeed, 
its rate of excretion is remarkably constant in all 
the subjects we have studied. Therefore, one 
must conclude that the usual assumption that cal- 
cium, magnesium, and phosphorus necessarily re- 
spond as a group is unjustified. 

CASE HISTORY 

/. F. (H. H. No. 35 : 720) is a 20 year old American 
telephone operator. For four years she had observed a 
loss of energy and a gradual loss of nine pounds in 
weight. Although she had had a fair complexion, for 
one year she had noticed a progressive increase in uni- 
versal pigmentation. Four months previous to her entry 
she had nausea, vomiting, loss of appetite, and such great 
weakness that she became bedridden. She also had a lit- 
tle diarrhea. She was given 10 grams of salt a day and 
bi-weekly intramuscular injections of eschatin. A pro- 
gressive improvement followed this regime so that she 
felt better than she had for the past year. Physical ex- 
amination showed a well developed, fairly well nourished 
girl with no obvious physical abnormalities except a dif- 
fuse 'pigmentation of the entire body which was most 
marked over the abdomen, the phalangeal joints, and in 
the creases of the palms. Several patches of brownish 
pigmentation were present on the gums, as well as in the 
mucous membrane of the cheeks. Numerous laboratory 
analyses disclosed normal values. She had a mild second- 
ary anemia of 3,900,000 red cells. The sugar tolerance 
test showed a slightly elevated blood sugar curve. Dur- 
ing medication the blood pressure level varied between 
96/45 and 84/40. Her blood plasma volume was 39.5 cc. 
per kilo — approximately 10 per cent below normal. Bi- 
opsy of abdominal skin disclosed hyperpigmentation of 
skin consistent with Addison’s disease. X-ray of adre- 
nals disclosed no clacification. 

July 2, 1935 — Metabolic routine started. 

July 5, 1935 — 3 cc. eschatin given intramuscularly. 

July 6, 1935 — First metabolic period started. 

July 8, 1935 — 3 cc. eschatin intramuscularly. 

July 12, 1935 — Beginning of third metabolic period. Salt 
intake was lowered from 12 grams to 1 gram daily. 
July IS to 18, 1935 — Bedridden, nauseated, very fatigued. 
July 17, 1935 — Could not eat all the diet. 

July 18, 1935 — Received 6 cc. eschatin and 20 grams of 
salt. Fifth metabolic period begun. 

July 19, 1935 — Bade on routine diet with 12 grams of 
salt 
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STUDIES IN TEMPERATURE SENSATION. I. A COMPARISON OF 
■ THE SENSATION PRODUCED BY INFRA-RED AND 
VISIBLE RADIATION 
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Few of the studies of temperature sensation from the stimulation produced by a change of en- 
have emphasized the importance of the perception vironmental convection or radiation. These lat- 
of thermal change on the regulation of internal ter changes are experienced much more frequently 
body temperature. Not only does the recognition than those due to contact with warm or cold 
of such changes make it possible for a man to pro- bodies. 

vide a more comfortable environment for himself, There are many reasons why radiant heat is the 
but the automatic regulation of heat production most suitable stimulus for a study of temperature 
and heat loss is dependent primarily upon it. The perception. It is the only thermal stimulus which 
separate channels through which the human body can be applied without simultaneously provoking 
dissipates its heat have been extensively studied another sensation. The magnitude of the stimu- 
and each of them has been shown to be important lus is readily controlled and measured, and the ac- 
under certain environmental conditions. The heat companying skin temperature elevation can be 
exchange between man and objects in his environ- determined. The duration of the radiation and 
ment can be altered by increasing or decreasing the size of the area to which it is applied are un- 
the rate of blood flow to the skin. The resulting limited. The use of penetrating radiation has 
alteration of skin temperature varies the heat ex- made it possible to produce different types of 
change by conduction, convection, vaporization, thermal gradient change during heating and has 
and radiation; and so balances the external heat proved useful in establishing the mechanism by 
loss against the heat produced by metabolism that which the end organs in the skin are stimulated 
a constant internal temperature is maintained, by heat. Using radiant heat we have investi- 
The recognition by the organism of the tempera- gated several aspects of temperature perception 
ture of environmental objects is thus important and have discussed them in the following three 
for the regulation of body temperature. parts : Part I considers the absorption of radia- 

The temperature receptors in the skin which are tion by the skin and the relative effectiveness of 
responsible for the sensation of warmth and cold radiations of different wavelength on the stimula- 
have been identified (1), and although these end tion of warm sensation. Part II deals with the 
organs are doubtless concerned in the autonomic thermal changes in the skin which are responsible 
control of skin temperature, there is no proof that for the sensation of warmth. Part III discusses 
other end organs may not be equally important, the minimum sensitivity of the body to tempera- 
However, the study of temperature sensation is ture change and the effect of the size of the ir- 
the most convenient way of investigating the per- radiated area on the sensation produced, as it is 
ception of environmental temperature change. influenced by the number of end organs stimu- 
The knowledge of temperature sensation as it lated and by spatial summation of the separate end 
is ordinarily experienced is meagre because almost organ responses. 

all experiments have been performed by placing Of all forms of thermal stimuli, radiation is 
hot or cold objects on the skin so that only the the most frequent and physiologically the most 
effect of conducted heat or cold has been deter- important. Changes in enwronmental radiation 
mined. Such thermal stimulation is always com- are constantly taking place and a radiation stimu- 
bined with tactile sensation and is quite different lus always precedes a conduction stimulus when- 
ever there is a marked difference of temperature. 
Furthermore, recent studies (4) have shown that 
517 
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the exchange of radiation between the hod}'- sur- 
face and objects in the environment is tlie most 
important mechanism of licat loss under ordinary 
conditions. Under conditions of comfort about 
60 per cent of the heat produced by tlie body is 
lost by radiation, and this amount varies consid- 
erably under extremes of environmental radiation. 
In zero weather a man loses twice as ■much heat 
by radiation as he produces under basal condi- 
tions; and on exposure to the sun on a clear, hot 
day he absorbs more than three times as many 
calories as his basal heat production (12). The 
response to changes of environmental radiation is 
in itself, therefore, one of the most important 
mechanisms of heat regulation. 

The radiation to which man is exposed in his 
natural environment comprises a spectral range 
from 0.29 jx in the ultraviolet to 20 /x in the infra- 
red. Physiologically, this range nia}’’ he divided 
into four regions, the ultraviolet (A < .36 /x), the 
visible (0.36 /x < A < 0.8 ;Lt), the penetrating 
infra-red (0.8 /x < A < 3 /x), and the non-pene- 
trating infra-red (A > 3 /x). The infra-red spec- 
trum is so divided 'because of the intense absorp- 
tion at the skin surface of radiation longer than 
3 ii. This absorption is due to ' the presence of 
water and organic compounds in the skin (8). 
The action of ultraviolet light upon the skin is 
largely photochemical, and this type of radiation 
does not occur naturally in sufficient amounts to 
affect the thermal mechanism of the body. The 
effect of the longer waved radiation, in so far as 
is known, is entirely thermal. The sun, which is 
the most important radiator in man’s environment, 
has an energy distribution at the 'earth’s surface 
on a clear day about as follows (11, 13) ; 5 per 
cent ultraviolet, 40 per cent visible light, 54 per 
cent penetrating 'infra-red, and 1 per cent non- 
penetrating infra-red. All other bodies in man’s 
surroundings radiate penetrating infra-red or non- 
penetrating infra-red. 

The degree of heating of the skin by radiation 
depends on the quantity of energy absorbed and 
therefore is influenced by the reflecting power and 
penetrability of the skin. These physical prop- 
erties of the skin have been studied for various 
spectral regions. Hardy and Muschenheim (9) 
found that white human skin reflected less than 5 
per cent of the non-penetrating infra-red radia- 


tion, and that 90 per cent of the energy was ab- 
sorbed within 0.05 mm. of the skin surface. The 
reflection of penetrating infra-red was greater, as 
much as 25 per cent of tlie sliort wave near infra- 
red being reflected and nearly 50 per cent of the 
remaining energy penetrating to a depth of 0.5 
mm. For both regions, the properties of the ne- 
gro skin for reflection and penetration were found 
to be the same as those for the white skin. From 
white skin, more visible than penetrating infra- 
red radiation was reflected, and visible radiation 
has been shown to penetrate deeper than penetrat- 
ing infra-red (2). Negro skin reflects about half 
as much visible radiation as white skin; the pene- 
tration of negro skin has not been satisfactorily 
measured, but it is probably more opaque than 
white skin to visible radiation. 

A sensory effect of far infra-red, near infra- 
red, and visible radiation was studied by Sonne 
(14). He exposed an area on the forearm of 
white subjects to the maximum amount of radia- 
tion from these sources which the subject could 
bear, and measured the intensity in gm. 
cal/cnr/min. The values were for visible '3.11, 
for penetrating infra-red 1.79, and for non-pene- 
trating red 1.33. He found that the skin re- 
flected 35 per cent of the visible and penetrating 
infra-red radiation and none of the longer waved 
infra-red radiation. 

Keller (10) determined the effect of artificial 
pigment on the heating resulting from irradiation 
by these sources. He found that painting the 
skin Avith.india ink had no effect on the heating 
due to non-penetrating infra-red radiation. How- 
ever, the same quantity of visible radiation prO" 
duced a much greater rise in the surface tempera- 
ture after the pigment was applied than before. 
The effect of india ink on the heating due to pene- 
trating infra-red radiation was similar to, but less 
marked than that due to visible radiation. 

The present experiments differ from those of 
Sonne and Keller in several ways. The minimum 
perceptible sensation has been studied because we 
believe that it is a more delicate test of warmth 
perception than the maximum bearable sensation 
which is essentially painful. Instead of 
pigment to white subjects, negro subjects haie 
been used as a more direct approach to the pro 
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lem of pigment function. In addition to the arti- 
ficial sources of radiation sunlight has been used. 

METHODS 

The sources of artificial radiation which we employed 
were chosen after careful spectrometric analysis and their 
emission curves are shown in Figure 1. Non-penetrating 
infra-red radiation of longer wavelength than 3/* was 
obtained from a 250 watt electric hot plate, 12 cm. in 
diameter. A thousand watt tungsten filament flood light 
furnished a penetrating infra-red band between 0,8 M and 
3 /“ after the visible and long wave infra-red had been 
filtered out by a Corning heat transmitting glass. This 
lamp also supplied the visible radiation from 0.4 to 0.7 it 
after the light'had passed through 9 cm. of an 0.8 per cent 
aqueous solution of copper sulphate. This filter did not 
completely absorb a small band of infra-red at 1 but it 
furnished the most complete source of pure visible light 
we were able to obtain. The near infra-red constituted 


head of the subject H was held behind a small screen in 
which a circular aperture, 14.5 cm.^ limited an area on 
the forehead to irradiation. A large screen separated the 
subject from the operator and allowed the settings for the 
stimuli to be made without the subject’s knowledge. A 
cardboard shutter was held between the source and a hole 
in this screen so that rays could pass to the subject only 
when this shutter was removed. During experiments 
with ‘visible radiation, special care was taken that the 
subject did not see the light. 

A test for the minimum intensity of radiation which 
would produce sensation was made in the following way. 
The subject sat behind the screen with his head in posi- 
tion for some minutes before these experiments began, to 
accustom himself to the thermal sensation of his fore- 
head. The shutter was then removed and a stimulating 
amount of radiation allowed to fall on the exposed skin 
surface for 3 seconds. This length of time was arbi- 
trarily chosen because it was found that if any sensation 
were produced it would be evoked by irradiation for this 


I 



Fig. 1. Spectral Distributions of the Energies of the Artificial 
Sources of Rabiation; (1) Visible Light, (2) Penetrating Infra-Red, 
(3) Non-Penetrating Infra-Red 


about 24 per cent of the transmitted energy, and attempts 
to decrease the relative amount of near infra-red by alter- 
ing the thickness or concentration of the filter resulted in 
absorption of the visible red rays. To obtain a sufficient 
intensity of visible, and in ■ some cases of penetrating 
infra-red, the radiation had to be concentrated by a lens. 
Precautions were taken to keep the focused radiation as 
uniform as possible over ’the exposed skin surface. The 
intensity of various parts of the field was measured, and 
the maximum variation of intensity was 10 per cent. 

The sunlight used for stimulation was directed into the 
laboratory by a heliostat. The radiation was reflected 
from two second surface silvered mirrors, and its in- 
tensity was regulated by controlling the size of the ef- 
fective aperture. 

A diagram of the apparatus used to measure the stimu- 
lating effect of radiation is shown in Figure 2. The 
source of the radiation, S, was mounted on a roll table so 
that the strength of the stimulus could be altered by mov- 
ing the source toward or away from the subject. The 


time. The subject signalled his perception by calling 
“ on.” The intensity of radiation was then decreased by 
steps, and the test repeated until the smallest intensity of 
radiation was found to which the subject responded with 
accuracy. The forehead was then removed, and the 
radiometer, R, placed in the aperture in the screen to 
measure the strength of the radiation. This strength 
was designated the minimum stimulus. 

False sensations of warmth were largely eliminated by 
noting the time after the onset of irradiation at which the 
subject called “on.” With radiation of the minimum 
perceptible strength, the sensation was always noted about 
3 seconds after the exposure began. By this means the 
operator evaluated the perception of sensation reported 
b}' the subject The test was considered satisfactory 
when the minimum radiation was found to which the 
subject responded in the characteristic time intciral each 
time he was exposed to radiation. Fatigue and I.id: of 
concentration caused a great decrease in the sensitivity of 
subjects, but when these factors were controlled similar 
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The ratio of the amounts of these radiations 
wliich Sonne found when he produced tlie maxi- 
mum bearable sensation in white subjects, is prac- 
tically the same as that for the barely percejitible 
warmth. It thus appears likely that this ratio is 
valid for all degrees of sensation produced hy 
radiation. The sensation which Sonne (14) pro- 
duced was essentially that of pain and not of heat, 
a fact which suggests that strong stimulation of 
the heat receptors results in pain. 


negro’s pigment influences the absorption of radi- 
ation and the sensitivity to radiation. Studies 
with carbon black arc not applicable to an under- 
standing of the functions of the human skin pig- 
ment as related to radiation (5, 10). 

TJic relationship between the absorption of ra- 
flialion by the skin and the sensitivity of both 
white and negro subjects to it is shown diagram- 
matically on Figure 3. The basis for the com- 
parison is the sensitivity of white subjects to 



Fig. 3. Cojiparative Study of Response of White and Negro Subjects to Various Radiation Bands. 
Solid Line: White Subjects. Interrupted Line: Negro Subjects 


Minimum stimuli for negroes (Table II), as 
for white subjects, depend on the reflecting and 
penetrating properties of the skin. Negro skin 
is more opaque than white skin to visible radiation 
and to it the negroes were 55 per cent more sensi- 
tive than the white subjects. For both types of 
infra-red radiation white and negro skin have the 
same absorbing properties, and the minimum stim- 
uli for these two radiation bands show the same 
ratio on the two groups of subjects. The fact 
that the negroes required about 25 per cent more 
of both infra-red radiations than the white sub- 
jects is best accounted for by a difference in the 
individual sensitivity of the subjects to heat. It 
is only for the visible spectral region that the 


non-penetrating infra-red ; it is' assumed that 100 
units of this radiation are required for stimulation 
of sensation. For each tj^pe of radiation the min- 
imum stimulating quantity has been divided into 
the amount reflected and the amount absorbed, 
and the latter has been subdivided into that ab- 
sorbed at the skin surface (superficial 0.2 mm.) 
and that which penetrates into the skin. In the 
lower part of the figure minimum stimuli have 
been plotted' as solid curves for the white subjects 
and as interrupted curves for the negroes. The 
only marked difference in these two curves is for 
visible light and this is associated with a striking 
difference in the corresponding part of the table. 
That visible radiation does not penetrate into 
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negro skin as it does into white skin is shown by 
this diagram. The absorption by the negroes of 
only 125 'units of visible radiation is required to 
produce sensation; this is the same as the stimu- 
lating amount of non-penetrating infra-red radia- 
tion. Since non-penetrating infra-red is com- 
pletely absorbed within the superficial 0.2 mm. of 
the skin it is assumed that the visible radiation is 
similarly absorbed. Because the penetration of 
visible light into negro skin has not been measured 
directly, these values on Figure 3 for the energy 
absorbed at the skin surface and below, are en- 
closed in parentheses. 

In the experiments with sunlight, the white sub- 
jects were stimulated by the absorption of about 
10 per cent less radiation than the negroes. If 
allowance is made for the fact that the white sub- 
jects were individually about 25 per cent more 
sensitive to heat than the negroes, the negroes are 
shown to be about 15 per cent more sensitive to 
solar radiation than the whites. The 40 per cent 
visible radiation in sunlight is responsible for this 
difference in the sensitivity of the two groups. 
Thus only in sunlight can pigment be considered 
to play a significant role in the exchange of body 
heat by radiation. It was previously shown that 
pigment has no effect on the loss of heat from the 
skin surface (7). 

The fact that the least penetrating radiation is 
the' most stimulating, indicates that the production 
of sensation by radiation results from the activa- 
tion of the temperature receptors in the skin. It 
has been suggested by Bazett and McGIone (1) 
that the sensory response to radiation is due to the 
stimulation of end organs other than those which 
usually respond to thermal change. No real evi- 
dence has been offered for this theory, and the re- 
sults of the present study exclude such a possi- 
bility. The non-penetrating infra-red which is 
the most stimulating type of radiation is com- 
pletely absorbed at the skin surface (within 0.1 
mm.) and none of it penetrates to the depths at 
which the end organs are found. The sensory re- 
sponse to this radiation is necessarily due to heat 
conducted from the surface. 

SUMMARY AND CONCLUSIONS 

1. Measurement of the thermal sensitivify of 
the skin to radiation by a new technique is 


described. The method provides for an objective 
determination of the smallest rate of irradiation 
which will produce sensation. The response of 
the skin to sunlight, visible light, and infra-red 
radiation was studied. The infra-red spectrum 
was studied in two portions, that of wavelength 
shorter than 3 [i designated as penetrating infra- 
red, and that of longer wavelength designated as 
non-penetrating infra-red. Artificial sources of 
visible' light, penetrating, and non-penetrating 
infra-red, were obtained by use of proper filters 
and light sources. The purity of the spectral 
bands was determined by a spectrometer. The 
reflecting power of the skin and the intensity of 
the stimulating energy were measured by a radi- 
ometer. 

2. The specific stimulating qualities of the vari- 
ous radiations were measured for white and negro 
subjects. The results with white subjects showed 
that the minimum amounts of incident radiation 
required to evoke sensation were in the ratio of 
3:2:1 respectively, for the visible, penetrating 
infra-red, and non-penetrating infra-red radiation. 
Allowing for the reflected energy the ratio be- 
came 2.2 : 1.5 : 1. This last difference is attributed 
entirely to the penetrating power of the radia- 
tions ; the more penetrating the rays, the less sensi- 
tive is the subject to them. 

The study of negro subjects gave 1.5 : 2.5 : 1.3 
as the ratios of the minimum stimulating energies 
on the same basis as the white subjects. Correct- 
ing for reflection 1.3: 2.0: 1.3 was the ratio. In 
this study also the difference in the stimulating 
abilities of the radiation bands can be explained by 
the difference in the opacity of the skin for the 
radiation. 

3. Comparative studies of white and negro sub- 
jects showed that the negro subjects were approx- 
imately 76 per cent as sensitive to infra-red radia- 
tion as the white subjects. The white subjects 
were 15 per cent less sensitive than dark negroes 
to the thermal effects of sunlight. 

4. The effect of natural pigment upon the re- 
sponse to thermal radiation is significant only in 
the visible portion of the spectrum. The effect 
of natural pigment upon the thermal response to 
sunlight is found to be small. Therefore, pig- 
ment plays onl}' a small role in the thermal ex- 
change of man and his enwronment. 
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5. The sensory response to radiation is the re- 
sult of the stimulation of the temperature recep- 
tors in the skin. 
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In the first paper of this series (10) it was 
shown that the sensation produced by radiation 
depends on the absorption of the radiant energy 
by the skin and is the result of stimulation of the 
heat end organs. Although many workers have 
studied temperature sensation there is still no uni- 
form opinion as to what thermal changes activate 
these end organs. The sensation has been thought 
to depend on the degree of temperature change 
(7), the rate of temperature change (12), or on 
alteration of the normal temperature relation- 
ships in the different layers of the skin (4). 
Bazett (1) and his associates have made the most 
extensive recent study. They identified the 
Krause end organs which lie 0.1 mm. deep in the 
skin, as the warm receptors, and the Ruifini or- 
gans at 0.3 mm. as the cold receptors (2), and 
with small thermocouples placed in the skin at- 
tempted to correlate the temperature changes at 
the end organs with sensation (3). The data did 
not support any of the common theories of 
thermal end organ response and could not be ex- 
plained satisfactorily by any other hypothesis. 

An adaptation of the technique that we used in 
the study of the radiation of heat from the human 
body provides a new approach to the study of tem- 
perature sensation. Without touching the skin, 
we heated it and measured its surface temperature. 
The measurements were made by a radiometer de- 
signed to determine the skin temperature by meas- 
uring the radiation from its surface. This instru- 
ment has been found to be more accurate than any 
others used to measure skin temperature (6). By 
using radiation to heat the skin, the number of 
calories applied per second could be readily meas- 
ured. Furthermore, different types of radiation 
produce different combinations of deep and sur- 
face heating. The penetrating radiation is partly 
absorbed below the surface so that the deep tem- 


perature is elevated at the same time as the 
surface temperature. Non-penetrating radiation 
heats only the skin surface. The thermal gradi- 
ents in the skin could thus be altered by the use of 
the various types of radiation. While such gra- 
dient changes cannot be measured, they can be 
roughly estimated on the basis of the penetrating 
properties of the several types of radiant energy. 
The penetrating properties of visible radiation, 
penetrating infra-red radiation, and non-penetrat- 
ing infra-red radiation for human skin were re- 
viewed in the first paper of this series and shown 
to be quite different. The skin temperature ele- 
vations which occurred when minimal sensation is 
produced by these types of radiation were com- 
pared in the present study. 

METHODS 

The sources of radiation and the methods of meas- 
uring the minimum stimulus and the reflecting power of 
the skin have been described in Part I of the series (10). 
The experimental arrangement for measuring the skin 
temperature is shown in Figure 1, and the parts of the 



Fig. 1. Apparatus Used to Measure Stimulation and 
Heating of the Skin 'by Radiation 

S’ — source of radiation, H — head of subject, R, — 
radiometer for measuring skin surface temperatures, LC 
— Leslie Cube maintained at 33.5° C., /?: — radiometer 
for measuring rate of radiation. 
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apparatus used to measure tlie miiiimuni stimulus arc 
described in the first paper of Ibis series. The radiome- 
ter, Ri, was mounted on a pendulum-like arm so that it 
could be swung rapidly from its resting position facing 
the Leslie Cube, to a position facing the skin surface. 
The construction of this radiometer and its use in meas- 
uring skin temperature have been previously described 
(5). In the present experiments the cone of a Leslie 
Cube served as a constant temperature reference body, 
and its temperature was maintained at about 33.5° C. by 
a thermostatically controlled heater. Before each skin 
temperature measurement the temperature of the cube 
was read, and the difference between the cube and skin 
temperature measured directly from a galvanometer scale, 
calibrated so that a difference of 1° C. caused a deflection 
of 56 mm. 

Skin temperature elevations produced bj' minimum 
stimulating amounts of radiation were so small that they 
were extremely difficult to measure, and such measure- 
ments were complicated by the fact that under ordinary 
environmental conditions the temperature of the skin is 
always slightly changing. To minimize this difficulty a 
thermal equilibrium was established between the skin and 
the air, walls, and other objects in the room before each 
experiment. When a satisfactory equilibrium had been 
established, measurements of skin temperature changes 
could be made with the assurance that whatever changes 
occurred were due to the experimentally applied radia- 
tion. A difference of 4° C. in room temperature on dif- 
ferent da 3 "s did not appreciably effect the rise of skin 
temperature caused by radiation. Measurements were 
made on the forehead because it had been previously 
found to maintain a more constant temperature than any 
other part of the body. One other difficulty which inter- 
fered with the measurement of skin temperature was en- 
countered, namely, visible and near infra-red radiation 
were reflected from the skin into the radiometer so that 
skin temperature could not be measured during irradia- 
tion. 

To measure the rise of skin temperature due to radia- 
tion, the subject sat quietly in a room free from draughts 
for 10 to 30 minutes before the experiment began and 
during this interval skin temperature measurements were 
frequently made. After several successive readings gave 
the same temperature, the radiometer was returned to the 
Leslie Cube and the skin surface irradiated for the de- 
sired time. Immediately at the end of irradiation, the 
radiometer was moved back to the skin surface and meas- 
urements of skin temperature were made at 5 second 
intervals, for 60 seconds. From these data the curve for 
the cooling of the skin after irradiation was plotted. 
Four curves in Figure 2 show the cooling of the skin 
after it was irradiated for periods of IS, 30, 45 and 60 
seconds. By extrapolating these cooling curves- back 8 
seconds the skin temperature elevation due to the radia- 
tion can be read from the ordinate. 

With this method, the results obtained on two sub- 
jects for the heating due to radiation were similar and 
could be repeated consistently. A large number of meas- 



Fic. 2. Cooling of Skin Surface after Radiation 
15 Sf.coxds (Lower Cur\t.) ; 20 Seconds (2nd Curie) ; 
45 Seconds (3rd Curie) ; 60 Seconds (Upper Curve). 


urements with radiation of various intensities were made 
on these two subjects and the data have been considered 
together. The values have been recorded in Figure 3 for 
visible radiation, penetrating infra-red radiation, and non- 
penetrating infra-red radiation. On this chart the in- 
tensity of radiation has been corrected for reflection and 
is plotted as the abscissa. The skin temperature eleva- 
tion is recorded as the ordinate. Lines have been drawn 
between all the points plotted, and these lines indicate the 
average relationship between the strength of the radia- 
tion and the skin temperature elevation produced. The 
straight lines thus formed show that the temperature 
elevations are directly proportional to the radiant energy 
absorbed and demonstrate that the temperature elevations 
measured are due to the radiation and not to vasomotor 
or environmental influences. 

We have called these charts " constant time charts ” 
and have used them to plot the curves of the heating of 
the skin produced by any intensity of radiation in the 
experimental range. Such heating curves are shown in 
Figures 4, S and 6 in which a comparison has been made 
of the heating of the skin surface by visible, penetrating 
infra-red, and non-penetrating infra-red radiation. 

RESULTS 

In considering the heating of the skin by radia- 
tion it is necessary to distinguish between the 
amount of radiation received by the skin and the 
amount absorbed by the skin, a difference due to 
the reflection of visible and penetrating infra-red 
rays. White skin reflects about 35 per cent of the 
visible, 20 per cent of the penetrating infra-red, 
and practically none of the non-penetrating infra- 
red radiation. Figure 4 shows the heating at the 
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Fig. 4. Skin Surface Temperature Eixvation Pro- 
duced BY THE Same Incident Rate of Non-penetrating 
(Far) Infra-red, Penetrating (Near) Infra-red, and 
Visible Radiation 

surface when the skin receives the same number 
of gm. cal/cm“/sec, of radiation of the three 
types. The temperature is raised least by the 
visible radiation and most by the non-penetrating 
infra-red radiation. When the skin absorbs the 
same number of gm. cal/cmVsec. of these radia- 
tions the difference between the heating curves is, 
as shown in Figure 5, less marked. 

From the constant time charts we determined 
the number of gm. cal/cmVsec. of the three types 
of radiation which must be absorbed to produce 
the same curve for the heating of the skin. The 
rates of radiation were : visible .0035, penetrating 
infra-red .0031, and non-penetrating infra-red 
.0026. When the sources were adjusted so that 
the skin of the subjects absorbed these amounts of 
radiation there was a striking difference in the 
sensation evoked. The non-penetrating infra-red 
felt much warmer than the penetrating infra-red, 
and the penetrating infra-red produced a defi- 
nitely warmer sensation than the visible radiation. 

The minimum rates of radiation necessary to 
produce sensation were determined on the same 
two white subjects on whom the heating measure- 
ments for the constant time charts were made. 
An area of 7.5 sq. cm. on the forehead was ex- 
posed to the radiation. The results of a series of 



Fig. 5. Skin Surface Temperature Elevations 
Produced by the Absorption of the Same Rate of 
Non-penetrating (Far) Infra-red, Penetrating 
(Near) Infra-red, and Visible Radiation 

tests are shown in Table I. The average values 
for the two subjects are: visible radiation .0035 
gm. cal/cmVsec., penetrating infra-red .0025 gm. 
cal/cmVsec., and non-penetrating infra-red .0017 


table i 

Minimum sthnuli in gm. callc7n"fsec. of radiation — corrected 
for reflection 



Visible 

Near infra-red 

Far infra-red 

Subject 

I 

II 

I 

II 

I 

II 


.0032 

.0034 

.0023 

.0027 

.0017 

,0019 


.0035 

.0036 

.0023 

.0026 

.0016 

,0016 


.0036 

.0035 

.0026 

.0025 

.0020 

,0016 


.0035 

.0035 

.0026 

.0024 

.0014 

,0016 


.0037 

.0036 

.0026 

,0024 

.0017 

.0016 

Average 

.0035 

.0035 

.0025 

.0025 

.0016 

.0017 


gm. cal/cmVsec. of radiation. The heating prO' 
duced by these amounts af radiation is shown m 
Figure 6. The temperature is raised most by the 
visible radiation and least by the non-penetrating 
infra-red. In the following section an hypothesis 
is suggested to account for the results. 

COMMENT 

There is a difference between the surface and 
deep temperature changes produced by various 
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types of radiation because rays of certain wave- 
length are reflected more or allowed to penetrate 
deeper than others. Correction for energy loss 
by reflection shows that there is an important dif- 
ference in surface heating dependent on the de- 
gree of penetration. When all of the energy is 
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Frc. 7. Relative Temperature Changes Produced in 
THE Skin by Radiation 

Interrupted lines indicate normal thermal gradient; 
solid lines, changes produced by the absorption of radia- 
tion. Horizontal columns indicate calories of radiant 
energy. White area is reflected calories; solid area, 
calories absorbed at skin surface; ruled area, calories 
absorbed below skin surface. 


Fig. 6. Skin Surface Temperature Elevations 
Produced by the Minimum Stimulating Rates of 
Visible (Upper Curve), Penetrating Infra-red (Mid- 
dle Curve), and Non-penetrating Infra-red Radia- 
tion (Lower Curve) 

absorbed at the skin surface a high surface tem- 
perature elevation occurs, and the greater the pen- 
etration, the less the surface temperature is ele- 
vated. In the deep layers of the skin the tem- 
perature is raised higher by the penetrating than 
by the non-penetrating radiations, a fact illus- 
trated by the experiments of Sonne (11), Keller 
(8), and Loewy and Dorno (9) who measured the 
surface and deep temperature during visible, pene- 
trating infra-red, and non-penetrating infra-red 
radiation. Knowing the penetrability of a radia- 
tion it is thus possible to estimate the deep tem- 
perature elevation from the surface temperature 
rise, assuming that there is little or no change in 
conduction of heat during a short interval of time. 

The skin of white subjects reflects 35 per cent 
of visible radiation and over half of the incident 
energy penetrates more than 0.2 mm. into the skin. 
Twenty per cent of the penetrating infra-red radi- 
ation is reflected, and less than half of the ind- 
dent energy penetrates beyond 0.2 mm. Non- 
penetrating infra-red is not reflected and is com- 
pletely absorbed at the skin surface. The thermal 


changes produced in the skin by visible, penetrat- 
ing infra-red, and non-penetrating infra-red radi- 
ation are shown diagrammatically in Figure 7. 
The strength of the radiant energy is represented 
by horizontal columns in which the energy re- 
flected is the white part, that absorbed at the skin 
surface is the solid part, and that which penetrates 
into the skin is the ruled part. The normal tem- 
perature gradient in the skin is indicated by the 
interrupted lines, and the estimated changes due to 
the absorption of radiation are shown by the solid 
lines. 

On the left side of this diagram the changes 
produced by the same incident strength of these 
three types of radiation are shown. With visible 
radiation, a small surface temperature elevation is 
associated with a relatively large deep temperature 
rise; with penetrating infra-red radiation there is 
a larger surface temperature elevation and a rela- 
tively smaller deep temperature rise; witli non- 
penetrating infra-red radiation the surface tem- 
perature elevation is greatest and the deep tem- 
perature elevation is relatively smallest. 

The right side of this diagram shows the ther- 
mal changes produced in the skin by the minimum 
strength of these three tj'pes of radiation which is 
capable of producing a sensation of warmth. A 
large amount of visible radiation is needed to 
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stimulate sensation and higli surface and deep 
temperature elevations are produced. With the 
penetrating infra-red stimulus the surface and 
deep temperature elevations are smaller than with 
the visible stimulus. The non-penetrating infra- 
red stimulus produces the smallest deep and sur- 
face temperature elevations. 

The temperature changes 'produced in the skin 
by these types of radiation have been considered 
in detail because a thorough understanding of 
them is necessary to determine what thermal 
change is responsible for the stimulation of the 
heat end organs. Warm sensation depends on 
one of three possible thermal changes in the skin : 
the degree of temperature rise, the rate of tem- 
perature rise, or a change (or rate of change) of 
the nonnal temperature gradient in the skin. The 
sensation resulting from radiation is due to the 
warming produced by the absorption of the en- 
ergy. The same sensation produced by these 
three types of radiation should therefore be asso- 
ciated with a common thermal change in the skin. 
It is evident from Figure 7 that minimal sensa- 
tion resulting from these three types of radiation 
is associated with a markedly different degree of 
surface and deep temperature rise. It is also as- 
sociated with a different rate of temperature rise. 
The temperature changes shown on Figure 7 are 
those which occur when the sensation is recog- 
nized, that is, after three seconds of radiation. 
Since the duration of radiation was the same, a 
difference of actual temperature rise must be ac- 
companied by a difference of rate of temperature 
rise. Thus, neither the degree of temperature 
change in the skin nor the rate of temperature 
change is constant when the same sensation is 
evoked by these three types of radiation, and nei- 
ther of these thermal changes can be that which 
activates the heat end organs. 

The only other thermal alteration which could 
activate the end organs is a change of the normal 
temperature gradient in the skin. A constant de- 
crease of the temperature gradient in the skin 
would be shown in Figure 7 by a parallel direction 
of the solid lines. These three types of radiation 
are absorbed by the skin in such a way that we 
would expect them to cause such a constant de- 
crease of the normal thermal gradient with mini- 
mal sensation. Our results thus support the hy- 


pothesis that a decrease of the normal temperature 
gradient in the skin is responsible for the sensa- 
tion of warmth. 

This interpretation is open to the criticism that 
no actual measurements were made of the tem- 
perature below the skin surface. We do not be- 
lieve that it is technically possible to measure the 
small changes of the thermal gradient which ac- 
company the minimal sensation of wannth. The 
histological structure of the skin with its vascular 
and avascular layers docs not permit the assump- 
tion that the normal thermal gradient is uni- 
formly distributed within the depth of the tissue. 
Therefore, no calculation of the temperature gra- 
dient between two widely separated thermocouples 
in the tissue is warranted. Local temperature dif- 
ferences can be measured by thermocouples but 
the only temperature receptors which have been 
identified lie at the depths of 0.1 mm. and 0.3 mm., 
and it is not possible to place small wires accu- 
rately at these levels. Furthermore, the presence 
of thermocouples in the skin interferes with the 
normal temperature relationship. For these rea- 
sons we feel that a study of the gradient hypothe- 
sis must be indirectly approached and that our 
experiments have been performed under more 
natural conditions than those previously reported. 

The application to our results of Imown facts 
about the heating below the skin surface by these 
three types of radiation has lead us to support the 1 
hypothesis that the stimulation of warm sensation 
depends on a change in the normal temperature 
difference between deep and superficial tempera- 
ture receptors in the skin. 

SUMMARY AND CONCLUSIONS 

The heating of the surface of the skin of white 
subjects by visible radiation, penetrating infra-red 
radiation, and non-penetrating infra-red radiation 
has been measured by a radiometer. It was found 
that: 

1. With the same incident strength of these 
three types of radiation the skin surface tempera- 
ture is elevated highest by the non-penetratmg 
infra-red, and least by the visible radiation. Part 
of this difference is due to the reflection of visible 
and penetrating infra-red rays from the skin. 
After correction for reflected radiation there is a 
smaller difference between the heating of the skin 
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surface by visible, penetrating infra-red, and non- 
penetrating infra-red radiation. 

2. When minimum perceptible sensation is pro- 
duced by these three types of radiation the skin 
surface temperature is elevated higher by the vis- 
ible stimulus than by the penetrating infra-red 
stimulus, and higher by the penetrating infra-red 
stimulus than by the non-penetrating infra-red 
stimulus. 

The application to our results of known facts 
about the heating below the skin surface by these 
three types of radiation has led us to conclude that 
the stimulation of warm sensation depends on a 
decrease of the normal thermal gradient in the 
skin and not on the degree or rate of temperature 
change in the skin. 
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Stimulate sensation and high surface and deep 
temperature elevations arc produced. With the 
penetrating infra-red stimulus the surface and 
deep temperature elevations arc smaller than with 
the visible stimulus. The non-penetrating infra- 
red stimulus produces the smallest deep and sur- 
face temperature elevations. 

The temperature changes 'produced in the skin 
by these types of radiation have been considered 
in detail because a thorough understanding of 
them is necessary to determine what thermal 
change is responsible for the stimulation of the 
heat end organs. Warm sensation depends on 
one of three possible thermal changes in the skin : 
the degree of temperature rise, the rate of tem- 
perature rise, or a change (or rate of change) of 
the normal temperature gradient in the skin. The 
sensation resulting from radiation is due to the 
warming produced by the absorption of the en- 
ergy. The same sensation produced by these 
three types of radiation should therefore be asso- 
ciated with a common thermal change in the skin. 
It is evident from Figure 7 that minimal sensa- 
tion resulting from these three types of radiation 
is associated with a markedly different degree of 
surface and deep temperature rise. It is also as- 
sociated with a different rate of temperature rise. 
The temperature changes shown on Figure 7 are 
those which occur when the sensation is recog- 
nized, that is, after three seconds of radiation. 
Since the duration of radiation was the same, a 
difference of actual temperature rise must be ac- 
companied by a difference of rate of temperature 
rise. Thus, neither the degree of temperature 
change in the skin nor the rate of temperature 
change is constant when the same sensation is 
evoked by these three types of radiation, and nei- 
ther of these thermal changes can be that which 
activates the heat end organs. 

The only other thermal alteration which could 
activate the end organs is a change of the normal 
temperature gradient in the skin. A constant de- 
crease of the temperature gradient in the skin 
would be shown in Figure 7 by a parallel direction 
of the solid lines. These three types of radiation 
are absorbed by the skin in such a way that we 
would expect them to cause such a constant de- 
crease of the normal thermal gradient with mini- 
mal sensation. Our results thus support the hy- 


pothesis that a decrease of the normal temperature 
gradient in the skin is responsible for the sensa- 
tion of warmth. 

This interpretation is open to the criticism that 
no actual measurements were made of the tem- 
perature below the skin surface. We do not be- 
lieve that it is technically possible to measure the 
small changes of the thermal gradient which ac- 
company the minimal sensation of warmth. The 
histological structure of the skin with its vascular 
and avascular layers does not permit the assump- 
tion that the normal thermal gradient is uni- 
formly distributed within the depth of the tissue. 
Therefore, no calculation of the temperature gra- 
dient between two widely separated thermocouples 
in the tissue is warranted. Local temperature dif- 
ferences can be measured by thermocouples but 
the only teinperature receptors which have been 
identified lie at the depths of 0.1 mm. and 0.3 mm., 
and it is not possible to place small wires accu- 
rately at these levels. Furthermore, the presence 
of thermocouples in the skin interferes with the 
normal temperature relationship. For these rea- 
sons we feel that a study of the gradient hypothe- 
sis must be indirectly approached and that our 
experiments have been performed under more 
natural conditions than those previously reported. 

The application to our results of known facts 
about the heating below the skin surface by these 
three types of radiation has lead us to support the i 
hypothesis that the stimulation of warm sensation 
depends on a change in the normal temperature 
difference between deep and superficial tempera- 
ture receptors in the skin. 

SUMMARY AND CONCLUSIONS 

The heating of the surface of the skin of white 
subjects by visible radiation, penetrating infra-red 
radiation, and non-penetrating infra-red radiation 
has been measured by a radiometer. It was found 
that: 

1. With the same incident strength of these 
three types of radiation the skin surface temper^" 
ture is elevated highest by the non-penetrating 
infra-red, and least by the visible radiation. 
of this difference is due to the reflection of visible 
and penetrating infra-red rays from the skm. 
After correction for reflected radiation there is a 
smaller difference between the heating of the skin 
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It has long been known that the sensation pro- 
duced by a heat stimulus of fixed intensity in- 
creases with the size of the area stimulated. The 
observations which have been made on this phe- 
nomenon are largely qualitative both as to the 
magnitude of the stimulus and the size of the 
stimulated area. Recent investigation of this sub- 
ject has been made by Bazett and McGlone (3), 
and Bohnenkarap and Pasquay (4) . The former 
measured the threshold stimulus of sensation for 
a single heat receptor as a rise in skin temperature 
of 0.3° C. produced at a rate of 0,2° C. per sec- 
ond, whereas, the threshold for the whole arm 
was estimated to be a rise of 0.1° C. produced at 
the rate of 0,005° C. per second. Bohnenkamp 
and Pasquay found a skin temperature rise of 
1.8° C. as the threshold of a single end organ and 
a rise of 0,4° C. as that for a group of six end- 
ings. They discussed their results in terms of 
spatial summation and expressed their data in an 
exponential formula of the type of Mach’s law of 
visual intensity discrimination. The nature of 
these experiments is such that the data are inade- 
quate for a quantitative investigation of the rela- 
tionship of heat sensation to the size and location 
of the stimulated area. The purpose of the pres- 
ent experiments is to obtain such data and further, 
to determine the smallest amount of radiation 
which can be perceived by the body as warmth. 

EXPERIMENTAL RESULTS 

In the present study three variables are consid- 
ered, namely, the magnitude of the sensation, the 
strength of the stimulus, and the size and location 
of the area exposed. The variability of the first 
of these was eliminated by keeping the sensation 
constant, i.e., at the minimum value, thereby the 
relationship between the stimulus strength and the 
area stimulated could be investigated. The meth- 


ods of measuring the minimal stimulus and of ob- 
taining the proper sources of radiation have been 
described (7). Non-penetrating infra-red radia- 
tion was used throughout these experiments be- 
cause it is invisible, it is more easily obtained in 
intensities uniform over large surfaces, and it is 
the radiation for which no corrections for reflec- 
tion, etc., are necessary. The visible and the 
penetrating infra-red radiations were used for 
comparison on the forehead. 

A comparison of the sensitivity of forehead 
areas of different size to visible, penetrating infra- 
red, and non-penetrating infra-red radiation was 
first made. Starting with an area of 0.2 cm.", the 
area exposed to the radiation was increased by 
steps using circular apertures of larger diameters. 
The screens containing the apertures were ar- 
ranged close to but not touching the skin surface 
so that normal heat loss from the skin was not af- 
fected ; the largest circular aperture that could be 
used on the forehead was one with an area of 
40 cm.^. No care was taken to mark the particu- 
lar skin area tested to insure the testing of the 
same spot each time, and it was not uncommon for 
the subject to move his head during an experi- 
ment. Thereby many locations on the forehead 
were tested with the same size area, and the re- 
sults showed that the sensitivity of the forehead is 
effectively uniform over its surface. It was not 
possible to make observations with visible radia- 
tion over the whole range of areas because suffi- 
cient energy was not a\'ailab!e for the small areas 
and with large areas it was practically impossible 
to prevent the subject’s seeing the light. The 
sensation results from thermal changes in the skin 
and these changes are directly proportional to the 
intensity of the radiation (8). Therefore, in this 
discussion, the radiation rate is used as a quanti- 
tative estimate of stimulus strength. The \'alues 
given are those for absorbed energ}'; that is, the 
incident energy has been corrected for reflection. 
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TABLE II 


Minimum stimuli for various sized areas on the body for 
non-penetrating infra-red radiation 


Area 

Minimum stimulus in 
gm. cal/cmVsec. 

Skin temperature 
elevation 

Location 

Size 

Sub- 
ject I 

Sub- 
ject II 

1 Aver- 
age 

Rate 

3 seconds 

Forehead 

cmA 

.20 

.95 

3.46 

7.08 

10.0 

14.5 

23.8 

40.0 


! 

! 

.0192 

1 .0082 
.0028 

1 .0017 
.0013 
.00095 
.0006 
.0004 

® Cfsec. 
0.16 
0.060 
0.021 
0.012 
0.009 
0.007 
0.004 
0.003 

®C. 

0.48 

0,18 

0.063 

0.036 

0.027 

0,0021 

0.013 

0,009 

Entire face 

197 

.00016 

.00024 

.00024 

.00020 

.00021 

0.001 + 

0,004 

Face and 
chest 

1680 (I) 
1940 (II) 

.00019 

.00016 

.00022 

.00025 

.00019 

.00019 

0.001 + 

0.004 

Back to 
waist 

1690 (I) 
1940 (11) 

.00016 

.00016 

.00022 

.00019 

.0002 

0.001 + 

0.004 

Anterior 

body 

surface 

S440 (I) 
SS90 (II) 

.00013 

.00016 

.00013 

,00019 

.00016 j 

.00016 

0.001- 

0.003- 

Posterior 

body 

siirface 

5440 (I) 
5590 (II) 

.00013 ' 
.00016 

.00013 

.00016 

.00015 

0.001- 

0.003- 

Forearm 
and hand 

(360 (I) 
1420 (II) 

,00019 

.00019 

,00028 

.00022 

0.002- 

0.005 


parts exposed which were to be irradiated. For 
the largest areas the subjects stood nude before 
the source of radiation. In these experiments a 
battery of eight hot plates (12 cm. in diameter) 
mounted vertically 1 cm. apart was used in order 
to obtain a more uniform distribution of radiation. 
The radiation varied about 5 per cent over the sur- 
face exposed. The results of the tests on two 
white subjects are given in Table II. The aver- 
age data for the forehead are included in the 
table in order to give the entire range of areas 
studied. The last two columns give the tempera- 
ture changes occurring at the skin surface during 
the irradiation. These temperature values are 
taken from the results of studies reported in Part 
II of this series (8). The sensation is always 
perceived after 3 seconds of irradiation and the 
total change in skin temperature is given in the 
last column. It is evident that Bazett’s value of 
0.1° C. as the threshold temperature change for 
the entire arm is about twenty times too great and 
the value for the rate of rise about three times 
too great. 

Table II reveals three facts in regard to the 
area-stimulus relationship. First, after a mini- 
mum stimulating energy as small as 0.0002 


cal/cmVsec. (or 0.001° C. per second) has been 
reached, additional area affords no significant in- 
crease in sensitivity. This sensitivity is reached 
when relatively small areas of the body have been 
exposed such as the head, or the arms, or the 
chest, etc. Therefore, in ordinary circumstances 
of life when the body is fully clothed, the radia- 
tion sensitivity of the body is as high as it would 
be if the body were completely exposed. Second, 
the temperature sensitivity of the body is such that 
a sensation is evoked by a change in skin tempera- 
ture of less than 0.003° C., comparing favorably 
with the most delicate thermometers. The radia- 
tion sensitivity is not high compared to a high 
sensitivity, modern, vacuum thermopile which is 
sensitive to 10"^* cal/cmVsec., but compares well 
with the usual Rubens thermopile which is used 
in air. Third, as regards the sensitivity the loca- 
tion of an area on the body surface may be more 
important than its size; the average sensitivity of 
the face per cm.^ is more than twice that of the 
forearm and hand. This is an expected result as 
it is well known that certain parts of the body are 
more sensitive to heat stimuli than others. 

The back and arm were tested and it was found 
that the areas were highly variable in sensitivity 
from place to place, and nothing could be made of 
the data without further knowledge of end organ 
distribution. The hand and forearm were care- 

TABLE III 

Minimum stimuli for various localities on forearm and back 
of hand with an exposed area of 23.8 cnf. Far infra-red 
stimulation 


Area 

Subject I 

Subject II 

Average 

Back of fingers 

.00075 

.00084 


.00084 

.00110 



.00110 

.00081 

.00091 

Back of hands 

.00088 

.00075 


(metacarples) 

.0010 

.00085 


.0011 

.00088 

.00091 

Back of OTist 

.0019 

.0019 



.0015 

.0019 



.0019 

.0017 

.0018 

Back of forearm 

.0022 

.0024 


(10 cm. from urist) 

.0020 

.0025 


.0021 

.0027 

.0023 

Back of forearm 

.0041 

.0045 


(5 cm. from elbow) 

.0039 

.0016 


.0036 

.0042 



.0035 

.0035 

.0040 
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TABLE I 


Miumnvi stivtuli in gm. cal/cm^lscc. for various sized areas 
of the forehead for non-penetrating infra-red, penetrating 
infra-red, and visible tight 


Area 

Non-pcnclratinR 

iiifra-rcd 

PcnclratiuR 

infra-red 

Visible 

Sub- 

ject 

I 

Sub- 

ject 

11 

Aver- 

npe 

Sub- 

ject 

Sub- 

ject 

11 

Aver- 

ape 

Sub- 

ject 

I 

Sub- 

ject 

II 

Aver- 

age 

cm .5 

0.20 

.0205 

.0186 

.0189 

.0192 







0.95 

.0084 

.0087 

.0092 

.0065 

.0082 

.0157 

.0162 

.0158 

.0159 




3.46 

.0028 

.0027 

.0030 

.0028 

.0030 

.0028 

.0059 

.0055 

.0055 

.0050 

.0065 

.0057 




7.08 

.0018 

.0019 

.0018 

.0014 

.0015 

.0017 

.0027 

.0028 

.0026 

.0027 

.0035 

.0031 

.0036 

.0035 

.0036 

.0034 

.0036 

.0035 

.0035 

.0035 

.0035 

10.0 

.0014 

.0013 

.0011 

.0013 

.0013 

.0020 

.0020 

.0020 

.0020 




M.5 

.0008 

.0010 

.0009 

.0009 

.00095 

.0012 

.0012 

.0012 

.0012 

.0016 

.0016 

.0017 

.0018 

.0017 

.0017 

.0017 

.0017 

23.8 

.0005 

.0006 

.0006 

.0006 

.0008 

.0007 

.0007 

.0011 

.0010 

.0009 




40.0 

.0004 

.0004 

.0005 

.0004 

.0007 

.0008 

.0008 

.0007 

,0007 





The results of tests on two white subjects with 
the three types of radiation stimuli are tabulated 
in Table I, Each value represents a complete test 
which usually included several individual trials. 
Column 1 of the table contains the size of the 
areas tested, Columns 2, 3 and 4 the corresponding 
amounts of radiation in gm. cal/cmVsec. which 
were required to produce a barely perceptible sen- 
sation of warmth. It will be noted that the per 
cent of variation in the individual determinations 
is about the same for all sizes of areas. The de- 
crease in the amount of stimulus required to evoke 
sensation as the area irradiated is increased, con- 
firms in a quantitative way the qualitative observa- 
tions of previous workers. 

As pointed out in an earlier paper (7), the dif- 
ference in the stimulating power of these radia- 
tions depends on the manner in which the skin 
absorbs fliem: that is, the more penetrating the 
radiation the less effective it is in stimulating 
sensation. This difference is seen to exist for all 
areas on which comparisons were made, and the 
ratio of the stimulating energies is approximately 


the same for all the areas. It follows, therefore, 
that tlic number of end organs stimulated in any 
area is the same for all three types of radiation, 
and the penetrating radiations do not stimulate 
end organs which might be located at greater 
depths in the tissues any better than the non- 
penetrating radiation. Histological evidence (1) 
indicates that temperature end organs may be 
distributed in the tissues at depths from 0.1 mm. 
to 1 mm. but they respond to heat stimuli as if 
depth were of no consequence. Anatomical evi- 
dence (1, 4) also points to a rather sparse distri- 
bution of end organs over the skin surface (i.e., 
one ending per sq. cm. on the prepuce and fore- 
arm). End organ counts on the forehead were 
not made, but the evidence from heat measure- 
ments is that the sensitivity of the forehead, even 
for small areas, is nearly uniform from place to 
place. This would indicate either that the fore- 
head is densely populated with receptors or that 
each end organ responds to stimulation over a 
considerable sldn area. This latter possibility as 
well as the fact that penetration of radiation does 
not increase the number of end organs responding, 
supports the idea that the endings respond to the 
thermal changes occurring in a blood vessel net- 
work which forms a layer of high thermal con- 
ductivity under the skin surface. The venous 
and arterial plexuses of Spalteholtz probably rep- 
resent such a layer. 

The close analogy between such a system and 
the physicist’s radiation thermopile is interesting. 
The usual type of radiation thennocouple has 
soldered to it a metal disc or radiation “ receiver 
which has considerably greater area than the 
thermocouple itself. In the same way, although 
the nerve ending be punctiform, the circulation of 
blood in its neighborhood forms a highly conduct- 
ing “ receiver ” for heat stimuli. 

Tests were made not only of the forehead area 
but of the whole of the face, the thorax, and the 
anterior body surface with non-penetrating infra- 
red radiation. The size of the exposed areas was 
measured by taking the silhouette upon paper and 
determining the area either with a planimeter or 
by weighing. The back of the thorax and the 
entire posterior body surface were also tested. 
Except for the experiments on the whole body 
surface, the subjects were seated with only those 
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TABLE II 


Minimum stimuli for various sized areas on the body for 
non-penetrating infra-red radiation 


Area 

Minimum stimulus in 
gm. cal/cmVeec. 

Skin temperature 
elevation 

Location 

Sire 

Sub- 
ject I 

Sub- 
ject II 

Aver- 

age 

Rate 

3 seconds 

Forehead 

cm,* 

.20 

.95 

3.46 

7.08 

10.0 

14.5 

23.8 

40,0 



.0192 

.0082 

.0028 

.0017 

.0013 

.00095 

.0006 

.0004 

° CIsec. 
0.16 
0.060 
0.021 
0.012 
0.009 
0.007 
0.004 
0.003 

«c. 

0.48 

0.18 

0.063 

0.036 

0.027 

0.0021 

0.013 

0.009 

Entire face 

197 

.00016 

1 .00024 

.00024 

.00020 

.00021 

0.001-1- 

0.004 

Face and 
chest 

1680(1) 

1940(11) 

.00019 

.00016 

.00022 

.00025 

.00019 

.00019 

0.001 -b 

0.004 

Back to ■ 
vvaist 

1690 (I) 
1940 (11) 

.00016 

.00016 

.00022 

.00019 

.0002 

! 

0,001 + 

0.004 

Anterior 

body 

surface 

S440 (I) 
SS90 (II) 

.00013 

.00016 

.00013 

.00019 

.00016 

.00016 

0.001- 

0.003- 

Posterior 

body 

siirface 

5440 (I) 
5590 (II) 

.00013 

.00016 

.00013 

,00016 

.00015 

0,001- 

0.003- 

Forearm 
and hand 

1360 (I) 
1420 (II) 

.00019 

.00019 

.00028 

.00022 

0.002 - 

0.005 


parts exposed which were to be irradiated. For 
the largest areas the subjects stood nude before 
the source of radiation. In these experiments a 
battery of eight hot plates (12 cm. in diameter) 
mounted vertically I cm. apart was used in order 
to obtain a more uniform distribution of radiation. 
The radiation varied about 5 per cent over the sur- 
face exposed. The results of the tests on two 
white subjects are given in Table II. The aver- 
age data for the forehead are included in the 
table in order to give the entire range of areas 
studied. The last two columns give the tempera- 
ture changes occurring at the skin surface during 
the irradiation. These temperature values are 
taken from the results of studies reported in Part 
II of this series (8). The sensation is always 
perceived after 3 seconds of irradiation and the 
total change in skin temperature is given in the 
last column. It is evident that Bazett’s value of 
0.1° C. as the threshold temperature change for 
the entire arm is about twenty times too great and 
the value for the rate of rise about three times 
too great. 

Table II reveals three facts in regard to the 
area-stimulus relationship. First, after a mini- 
mum stimulating energy as small as 0.0002 


cal/cmVsec. (or 0.001° C. per second) has been 
reached, additional area affords no significant in- 
crease in sensitivity. This sensitivity is reached 
when relatively small areas of the body have been 
exposed such as the head, or the arms, or the 
chest, etc. Therefore, in ordinary circumstances 
of life when the body is fully clothed, the radia- 
tion sensitivity of the body is as high as it would 
be if the body were completely exposed. Second, 
the temperature sensitivity of the body is such that 
a sensation is evoked by a change in skin tempera- 
ture of less than 0.003° C., comparing favorably 
with the most delicate thermometers. , The radia- 
tion sensitivity is not high compared to a high 
sensitivity, modern, vacuum thermopile which is 
sensitive to 10'^- cal/cm^/sec., but compares well 
with the usual Rubens thermopile which is used 
in air. Third, as regards the sensitivity the loca- 
tion of an area on the body surface may be more 
important than its size; the average sensitivity of 
the face per cmf is more than twice that of the 
forearm and hand. This is an expected result as 
it is well known that certain parts of the body are 
more sensitive to heat stimuli than others. 

The back and arm were tested and it was found 
that the areas were highly variable in sensitivity 
from place to place, and nothing could be made of 
the data without further knowledge of end organ 
distribution. The hand and forearm were care- 

TABLE m 

Minimum stimuli for various localities on forearm and back 
of hand with an exposed area of 23. S cm^. Far infra-red 

stimulation 


Area 

Subject I 

Subject 11 

Average 

Back of fingers 

.00075 

.00084 

.00110 

.00084 

.00110 

.00081 

.00091 

Back of hands 
(metacarples) 

.00088 

.0010 

.0011 

.00075 

.00085 

.00088 

.00091 

Back of wrist 

.0019 
.0015 
.0019 j 

.0019 

.0019 

.0017 

.0018 

Back of forearm 
(10 cm. from wrist) 

.0022 

.0020 

.0021 

.0024 

.0025 

.0027 

.0023 

Back of forearm 
(5 cm. from elbow) 

.0041 

.0039 

.0036 

.0035 

.0045 

.0016 

.0042 

.0035 

.0040 
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fully studied and will serve to illustrate the situa- 
tion. The sensitivity of the various localities on 
the forearm and hand was measured using one 
size of aperture and non-penetrating infra-red 
stimulation. The results are shown in Table III. 
The hand was found to be more than four limes 
as sensitive as the proximal part of the foreann.. 
The forearm was found to be progressively less 
sensitive nearer the elbow, suggesting a decreas- 
ing end organ population. Recognizing the pres- 
ence of this variable, which was not significant 
when dealing with the forehead, tests were made 
by successively increasing the size of the area 
exposed. means of a movable shutter the 
arm was gradually exposed by Imown amounts 
from the fingertips to the elbow and from the 
elbow to the fingertips. The results are shown 
in Table IV. Although the forearm and hand are 

TABLE IV 

Summation stimuli for forearm and hack of hand 
Direction of area increase: Fingertips to elbow 


istance from fingertip 

Area 

Stimulation 

cm. 

an.* 


4.0 (Hand) 

.. 20 

.0013 

7.0 (Hand) 

.. 40 

.00065 

12.0 (Hand) 

.. 100 

.00053 

20.0 (Forearm) 

.. 170 

.00041 

30.0 

.. 240 

.00029 

47.0 

.. 360 

.00019 


Direction of area increase: Elbow to fingertips 
Distance from elbow 

6.5 (Forearm) 65 .0015 

9.5 (Forearm) 100 .0011 

14.0 (Forearm) 130 .00069 

22.5 (Forearm) 190 .00044 

47.0 (Hand) 360 .00019 

not per unit of area as sensitive as the forehead, 
they combine to form an area which is nearly as 
sensitive as the whole body surface. Thus a 
paucity of end organs is made up for in large 
degree by the efficient combining of the separate 
effects of each end organ. 

In order to test further the combining power or 
spatial summation of various portions of the body 
the following experiments were performed. Two 
square apertures (25 cm.® area, 3 cm. apart) were 
so arranged that the skin areas placed behind them 
could be tested singly and together. The proce- 
dure was to test each aperture alone and then to- 
gether. It was found that on the forehead the 
contiguity of the area did not affect the values of 


the stimuli. Thus, the right and left apertures 
gave identical values when stimulated separately; 
together they gave a value to be expected from 
the curve shown in Figure 1. Tests were then 
made on the backs of both hands, testing each 
hand separately and then both together. The 
same tests were made using as combination, the 
right side of the forehead and the back of the 
right hand. The results are shown in Table V. 


TABLE v 

Summation stimuli for various body areas 


Subject I 

Subject II 

Left 

Right 

Botli 

Summa- 

tion 

Left 

Riglit 

Both 

Summa- 

tion 

BACKS OF HANDS 

.0009 

.0008 

.0009 

.0008 

.0006 

.0006 

.0006 

.0006 

ficT cent 

47 

.0012 

1 

.0013 

1 

.0008 

fer cent 

48 

BACK OF RIGHT HAND AND FOREHEAD 

Fore- 

head 

Hand 

Both 

Summa- 

tion 

Fore- 

ticad 

Hand 

Both 

Summa- 

tion 

.0005 

.0011 

.0005 

0 

.0006 

.0012 

.0006 

0 


The sensitivity of both hands together was 47 
per cent greater than either hand alone, although 
simultaneous stimulation of the hand and the 
forehead showed no increase in sensitivity over 
the forehead stimulated alone. This is evidence 
that spatial summation of heat sensation may have 
a value of zero and that the magnitude of the 
sensory effect is greatly dependent upon this fac- 
tor. The close association of the hands suggests 
that habit may be important in the degree of sum- 


TABLE vr 

Sximmation values for forehead 


Area 

Stimulus 

A XI 

Antilog 

(logl -f .781ogA) 

Relative 

summation 

cm.* 

0.95 

caljcmVsec. 

.0082 

.0078 

.0081 

per cent 

3.46 

.0029 

.0097 

.0078 

75 

66 

7.08 

.0017 

.0120 

.0079 

10.0 

.0013 

.0130 

.0078 

59 

55 

61 

14.5 

.0009 

.0138 

.0078 

23.8 

.0006 

.0143 

.0071 

40.0 

.0004 

.0160 

.0079 

44 
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mation which is attained between different parts 
of the body. 

DISCUSSION 

1. Subjective phenomena. A description of the 
impression reported by the subjects during stimu- 
lation of minimal sensation on the various ex- 
posed areas, is of assistance in interpreting the 
data. Stimulation of the small areas, less than 
7 cm.‘, required so intense a rate of radiation that 
pain would result upon exposure of a large area to 
it. The minimal sensation for these small areas 
was more of a “ hot ” than a “ warm ” sensation. 
For the areas between 10 cm.® and 200 cm.® the 
sensation was that of a fleeting warmth lasting 
only a few seconds. At times the characteristic 
of “wannth" seemed to be 'lost, and the subject 
felt he was reporting a “ change ” of conditions 
rather than a feeling of warmth. For larger 
areas, the intensity of the sensation increased as 
the area is increased, and a definite feeling of 
warmth was perceived. When the minimum 
stimulus for the face was applied to the whole 
body surface the subject perceived a marked sen- 
sation of warmth, and it was always with some 
surprise that he found that he could not perceive 
a smaller rate of radiation. The area for which 
an intensity of 0.0002 cal/cm®/sec. is the stimulus 
is in this sense a critical area, because for larger 
areas sensation is no longer minimal, and the 
minimal stimulus is constant. 


2. Graphic analysis. Analysis of the data of 
Table II can be made by a graphical representa- 
tion. A graph of the values in numerical coordi- 
nates is a curve of the type of an equilateral hy- 
perbola and such a function is more easily handled 
in logarithmic coordinates. A plot of the, data in 
terms of the logarithms of the area and stimulus 
is shown in Figure 1. The whole curve is defi- 
nite ly s igmoid although the portion from 1 to 
40 cm.® on the forehead is a straight line. This 
form of curve is familiar to those studying visual 
sensation (6) and like the curve for visual acuity 
can be most easily studied in three parts: (I) the 
portion for very small areas (less than 1 cm.®), 

(II) the portion which is a straight line, and 

(III) the portion for very large areas. 

3. Lower portion of log curve {excitation 
threshold). The breaking of the log curve at the 
stimulus 0.0002 cal/cm®/sec. is strongly suggestive 
of the failure of some physiological process. The 
increase in sensation 'for large areas without in- 
crease in sensitivity shows that the summation 
process does not fail at this stimulus value. As a 
consequence, 0.00016 cal/cm®/sec. must represent 
the excitation threshold of the most sensitive heat 
receptors. Thus any greater intensity of stimu- 
lus will cause the end organs to respond and a 
stimulus smaller than this will evoke no effect re- 
gardless of area. 

The region of Figure 1 may, on the basis of 
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the above intcrprclalion, l)e divided into three 
parts each having a physiologically dilTcrent mean- 
ing. Area I, above th.e log curve, represents stim- 
uli magnitude which will evoke sensation ; areas II 
and III below the line refer to subthreshold 
sensory stimuli. In area III, below 0.00016 
cal/cmVscc. (log 1 = — 3.79), no end organ rc- 
spo nse i s evoked, and in region II, above 0,00016 
cal/cmVscc., end organs are responding but no 
sensory impression is made. The physiological 
effect of. these unfclt impulses is not known at 
present. 

4. Upper portion of log curve (sensory thresh- 
old). The breaking of the log curve for small 
areas and strong stimuli is an expected result. 
When an intensity of radiation has been reached 
which will evoke a sensation from one end organ, 
further decrease in area will require no increase 
in stimulus as long as the end organ remains in 
the irradiated field. Therefore, the intensity of 
stimulus for which the log curve again becomes 
parallel to the area axis is the threshold of sensa- 
tion for a single receptor. This value cannot be 
accurately determined from the present data be- 
cause very small areas were not tested. How- 
ever, the value evidently lies between 0.031 and 

0.025 cal/cmVsec., corresponding to a tempera- 
ture change of 0.16° C. per second with a rise of 
0.48° C. in three seconds. These temperature 
values are in almost exact agreement with the 
measurements made with temperators on the pre- 
puce by Bazett and McGlone (2). The area at 
which the break in the curve starts is 0.2 cm," so 
that one may roughly estimate that one end organ 
is present in an area of about this size. The 
number of endings may be considerably larger if 
one takes into account the presence of receptors 
of higher threshold, and the above estimate would 
represent the minimum population. 

5. The central portion of the log curve. The 
two parts of the log curve which have been dis- 
cussed are those for which change in size of area 
stimulated caused no change in sensitivity. The 
straight line relationship between log intensity and 
log area, which is seen to be valid for the forehead 
is significant only when the special character of 
the forehead is considered. Over the forehead 
area the sensitivity of the skin per cm.^ is uni- 
form, a condition we did not find on other parts 


of the body surface. On the basis that uni- 
formity of sensitivity within this area means a 
near ly uniform distribution of heat end organs per 
cm.", the data for this area can be partly analyzed. 
The data may be rcj^rcscnted by the formula 

1. Log I .78 log A — — 2.09, 

where I = intensity of radiation, A = area ir- 
radiated. 

Thus, as the area stimulated is doubled the in- 
tensity is almost halved. The fact that the in- 
tensity docs not decrease in exactly the same pro- 
I)ortion as the number of available endings is in- 
creased is analogous to the multiple junction 
thermocouple. Due to increased resistance, the 
sensitivit}' of a thennopile docs not double if the 
number of junctions is doubled. This falling off 
of sensitivity may be due to the progressive fail- 
ure of the summation of the effects of the separate 
end organs or to a smaller number of end organs 
per unit area responding to the lowered intensity 
(6), The present experiments do not throw light 
on this matter. 

Equation 1 is not the type of formula suggested 
by Bohnenkamp and Pasquay (4) and the present 
data cannot be fitted to their equation. However, 
their observations 'covered only six endings and 
are not directly comparable with these observa- 
tions. 

It is interesting to note the formal identity of 
Equation 1 with the formula for area and in- 
tensity found by Granit and Harper (5) when in- 
vestigating spatial summation in the retina. Their 
equation is approximately 

2, Log I -f c log A = constant. 

6. Spatial summation. The ability to add the 
separate effects of end organs in widely distrib- 
uted areas varies from zero, in case of the fore- 
head and hand, to 47 per cent for the backs of the 
n’ght and left hands. The summation within the 
forehead area is almost perfect. Impulses from 
different areas of the chest are added but the sum- 
mation has not been quantitatively studied. Areas 
of poor sensitivity sum with areas of high sensi- 
tivity as has been shown for the forearm and 
hand. It would seem that summation depends to 
some extent upon habit and association, but the 
matter has not been completely investigated. 
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That spatial summation is of prime importance in 
determining the intensity of heat sensation is 
clearly demonstrated. So far as our experiments 
go, no summation as high as 100 per cent has 
been observed and no clear examples of facilita- 
tion nor occlusion have been found. 

7. Intensity discrimination. Intensity discrim- 
ination for heat sense has not been measured al- 
though it can be seen from the present experi- 
ments to be poor. The total range of intensities 
from end organ excitation threshold to pain is 
only 200-fold. The magnitude of the variations 
(A I) in the measurements of the minimum stim- 
uli over the range of intensities is proportional to 
the intensity (I). This is the type of relation 
which would be expected on the basis of a 
“ Weber-Fechner ” law for heat sensation, a re- 
lationship which might' be suspected from the 
similarity of the formula for vision and heat 
sense. 

8. Sensitivity of body to heat. The tempera- 
ture sensitivity of the body surface shown in 
Table II is evidence of the remarkable heat de- 
tector mechanism by which the internal tempera- 
ture of the body is regulated. At the minimum 
perceptible rate of radiation the sensation is 
evoked usually after 3 seconds and the total rise 
in skin temperature under these circumstances is 
less than 0.003° C. Such high sensitivity might 
be expected from the important part which the 
skin temperature plays in the normal loss of heat 
from the body surface. About 75 per cent of the 
heat produced in the body under comfortable cir- 
cumstances depends upon the difference between 
the skin temperature and the surrounding tem- 
perature. A change of 1° C. in the temperature 
of the wails alone, or 10 per cent in the normal 
radiation rate, air temperature, velocity, and hu- 
midity, etc., being constant, will evoke a subjective 
sensation in three seconds. The energy exchange 
in this process is of the order of one nine mil- 
lionth of the normal hourly heat loss by radiation. 
That a sensation need not be necessaiy for this 
regulatory process is pointed out above, as the 
evidence shows that end organ responses may be 
going to the central nervous system, without evok- 
ing a sensation. These impulses may have con- 
nections with vasomotor pathways to the skin so 
that adjustment of internal thermal gradients can 


be made with a consequent decrease in end organ 
activity. In this way the surface temperature of 
the body could be adjusted to changing conditions 
without the sensory response reaching the level of 
awareness. 

SUMMARY AND CONCLUSIONS 

1. The sensory response produced by irradia- 
tion of a large range of areas of the body surface 
has been studied. The method allows stimulation 
of skin areas as large as the surface of the experi- 
mental subject and as small as desired. Tests 
were made of the minimum stimulating radiation 
rate for many parts of the body and for the body 
as a whole. Measurements were also made with 
radiations of different wavelengths, 

2. For the whole range of intensities covered in 
this study the non-penetrating radiation was 
found to be more effective in stimulating sensa- 
tion than the penetrating forms. The variation 
in depth of the end organs below the skin surface 
must therefore be unimportant as a factor in the 
thermal sensitivity. 

3. The smallest rate of radiation which the 
body is capable of perceiving as warmth is 0.00015 
gm. cal/cmVsec. Sensation is evoked in 3 sec- 
onds by exposure of 200 cm.- of surface to such 
a stimulus so that the total energy exchange for 
sensation is 0.09 gram cals. This amounts to one 
nine millionth of the normal hourly radiation loss 
from the body surface. 

4. The skin temperature change caused by this 
radiation is a total elevation of 0.003° C. pro- 
duced at the rate of 0.001° C. per second. 

5. The intensity of the stimulus (rate of radia- 
tion) necessary to evoke sensation increases as the 
area stimulated is decreased, although in all cases 
the magnihide of the stimulus (total heat re- 
ceived) decreases as the area exposed decreases. 

6. The forehead was found to be an area over 
which the sensitivity to radiation is uniform, 
thereby providing an ideal surface for investigat- 
ing the area-intensity relationship. The intensity 
of radiation necessary to evoke minimal sensation 
when rarious sized areas on the forehead and on 
the anterior body surface were exposed was meas- 
ured. The data were found susceptible to analy- 
sis in three parts ; 

a. The portion of the cur%-e for low intensities 
is interpreted to mean the threshold of excitation 
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of the most sensitive endings. This threshold is 
0.00015 cal/cmVscc. 

h. The portion of the curve for high intensities 
is assumed to mark the threshold of sensation of 
the sensitive end organs. This value was not 
carefully measured but lies between 0.025 and 
0.03 cal/cm-/sec. 

c. The intermediate portion is a straight line 
obeying the formula : log I -}- .78 log A — — 2.09. 
The similarity of the formula to the combined 
formulas for vision is pointed out. 

7. The passage of impulses from end organs to 
the central nervous system without evoking sensa- 
tion is demonstrated. 

8. The importance of spatial summation on the 
magnitude of the sensory response is demon- 
strated. The present data are completely ex- 
plained on the assumption that sensation intensity 
depends on the total frequency of impulses and 
upon summation. 

9. The factors of summation ’and end organ 
distribution are shown to be highly variable for 
different parts of the body surface. 
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Our knowledge of the etiology of mountain 
sickness has not advanced very much since Paul 
Bert’s fundamental observations (1), and little 
has been added to the understanding of its mecha- 
nism. 

Detailed descriptions of the symptoms of moun- 
tain sickness have been given by those who have 
studied it, from Acosta in 1569 (2) to Monge et 
al. in 1928 (3) (Douglas, Haldane et al. (4), 
Barcroft et al. (5)). Although opinion on the 
fundamental cause of this disturbance is unani- 
mous, there is disagreement as to the manner in 
which the organism endeavors to prevent the ap- 
pearance of mountain sickness. Since this paper 
deals only with the disturbances produced as a 
consequence of rapid ascents to high altitudes, it 
will not discuss either Haldane’s secretion theory, 
%vhich has been shown to be incorrect by the 
Chilean studies of Dill, Christensen and Edwards 

(6) , or Barcroft’s claim (5) that the oxygen dis- 
sociation curve of hemoglobin deviates to the left, 
shown to be incorrect by Keys, Hall and Barron 

(7) and by Hall (8) on the same expedition.^ By 
most observers the following have been considered 
processes of adaptation to high altitude: 1, a rise 
in the arterial oxygen pressure; 2, a fall in alve- 
olar COs pressure and a corresponding rise in 
alveolar oxygen pressure; 3, an increase in the 
per cent and total amount of the hemoglobin of 
the blood; 4, an acceleration of the blood flow. 
Some of these processes will be discussed in the 
light of our experience during an automobile trip 
from Lima (160 meters) to Ticlio (4740 meters).® 

1 We wish to acknowledge our gratitude to Mr. Harold 
Kingsmill, General Manager of the Cerro de Pasco Min- 
ing Company, for providing facilities for the trip from 
Lima to Ticlio. 

- These authors give details of financial support and 
itincrar>' of the “ International High Altitude Expedi- 
tion.” 


PROCEDURE 

On the day preceding the trip to Ticlio, six men 
(three medical students and three male nurses) 
of the twelve who made up the party took 15 
grams each of NH^Cl in three 5-gram doses be- 
fore breakfast, lunch, and dinner. On the fol- 
lowing day, between 6:10 a.m. and 7:50 a.m., 
samples of alveolar air, taken at the end of nor- 
mal expiration, and SO cc. of arterial blood were 
obtained from each of these six individuals. The 
party started from Lima in three automobiles at 
8:15 a.m., and after two halts (one in San Mateo 
(3200 meters) for one hour and another in Casa- 
palca (4140 meters) for one and one-half hours) 
arrived at Ticlio at 4:15 p.m. Upon their arrival 
the party had to walk about 200 meters to the 
engineer’s house, where, after a rest of half an 
hour, arterial blood and alveolar air were taken 
from all but two members of the party. (Details 
concerning the individual reactions of the mem- 
bers of the party to the ascent are given at the end 
of this paper.) 

Arterial oxygen saturation 

Since hemoglobin has been considered the main 
factor of oxygen transport in mammalians, all in- 
vestigators have given to its degree of oxygen 
saturation a role of prime importance in the causa- 
tion of mountain sickness. Since there w'as no 
experimental evidence for this claim (no analysis 
of arterial blood having been performed), “cya- 
nosis ’’ and “ blueness of the lips ’’ were given as 
proof for their contention. 

tudes few places in the world can compare with the Lims- 
Ticlio region. It is for this reason peculiarly suited to 
the study of acute mountain sickness. This investigation 
is really an outcome of conversation on the Panama- 
Callao voyage with Dr. Crane, Chief Surgeon for the 
Cerro de Pasco Mining Company. His c.xpcricnccs mal.x 
him a preeminent authority on the subject of acute 
mountain sickness. 


®For rapidity of ascent from sea level to great alli- 

541 
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TABLE I 

Arlcrial oxygen saturalion in acute mountain sickness. 
Arterial blood taken in Lima {160 meters) in the morning, 
before the trip, and in Ticlio {4740 meters) in the afternoon 
of the same day 



Lima j 

Ticlio ! 


Name 

HbO* 

con- 

tent 

HboJ 

satu- 

ration! 

IlbO, 
con- 
tent 1 

llbOj 

satu- 

ration 

1 

Condition 

Sandovnl ! 

ni.M. 

per 

tiler 

9.S4 

per 

cent 

92.0 

w-M. 

per 

tiler 

7.67 

per 

cent 

74.6 

III. Mountain sickness 
III. Mountain sickness 
III. Mountain sickness 
Good 

Good 

Aldaznhr\r 

9.71 

92.0 

7.49 

70.3 

Prieto 

8.24 

81.7 


8.24 

92.7 

6AA 

113 


9.24 

91.6 

8,12 

78.7 

Guzmnn ' 

8.04 

93.7 

6,48 

73,8 


6.17 

65.4 

Good 

Hurtado 



8.07 

7S.3 

E. S. G. Barron 

1 



8.05 

73.3 

I Good 

Averace O: saturations in Ticlio; 

With mountain sickness 

75.5 

1 

1 

In Good condition . 



73.2 


Averanc Os saturation at Montt (47 10 
meters) — acclimatized members 

78.0 








In Table I are given the oxygen saturation and 
content of the arterial blood of the members of the 
party, as taken in Lima and in Ticlio. The aver- 
age oxygen saturation of the individuals with 
mountain sickness was 75.5 per cent, while that 
of the individuals who did not feel any ill effects 
at this altitude was 73.2 per cent. Prieto, with 
an arterial oxygen saturation of 81.7 per cent, was 
ill; while A. Barron, with an oxygen saturation 
of 65.4 per cent, was well. Similar results were 
found earlier in Chile. In Montt, at 4710 meters, 
only 30 meters lower than Ticlio, Dill, with an 
arterial oxygen saturation of 71.6 per cent, was 
working with normal efficiency; while Hall, with 
an oxygen saturation of 83.2 per cent, had a mild 
case of mountain sickness (headache, lack of ap- 
petite, nausea). 

H emoglobin concentration 

Barcroft (9), in his excellent studies on the 
physiology of the spleen, considers this organ as 
one of the main storehouses or depots for blood, 
adding as others the liver, lungs, and subpapillary 
vessels of the skin. The role of the spleen as a 
blood reservoir which the organism may utilize 
in case of need seems to vary in the different ani- 
mal species. For example, while the dog’s spleen, 
according to Barcroft, raises by its contraction 
during exercise the oxygen capacity of the blood, 


such a rise does not occur in man (Dill, Talbott 
and Edwards (10)), It could be argued that 
during the ascent to high altitudes, before there 
is an increase in iicmoglobin formation these blood 
reservoirs throw into the general circulation their 
rescrv^c red cells, thus increasing the oxygen ca- 
pacity of the blood. In Table II is given the 
oxygen capacity (a more reliable figure than the 
red cell count) of those members of the party 
whose arterial blood was obtained at both places, 
Lima and Ticlio, There was essentially no dif- 
ference between the average arterial oxygen ca- 
pacity in Lima, 9.68 niM, per liter, and that in 
Ticlio, 9.76 mM. per liter. Although there was a 
slightly higher average increase in the oxygen 
capacity of those wdio felt no ill symptoms than of 
those who suffered mountain siclmess, the differ- 
ence is too small to deserve attention. We may 
therefore conclude that these “ blood stores ” play 
no important function in the rapid adjustments of 
the organism to high altitudes. For comparison 
we have added the oxygen capacity of the acclima- 
tized members of the Chilean Expedition after a 
gradual ascent to Montt, practically the same alti- 
tude as Ticlio. Here the increase in hemoglobin 
concentration is evident. 


TABLE II 

Arterial oxygen capacity soon after an ascent to high altitudes 
{Ticlio, 4740 meters) 


Name 

Oxj'gen 

capacity 

Cc 

In 

Lima 

In 

Ticlio 

Sandoval 

mM. 

per 

liter 

10.37 

mM. 

per 

liter 

10.25 

111. ] 

Cordova 

8.90 

8.82 

Good 

Aldazabar 

10.48 

10.65 

III. ] 

Tincopa 

10.10 

10.30 

(jood 

Guzman 

8.58 

8.77 

Good 

Average 

9.68 

9.76 


Ill, mountain sick- 




ness 

10.42 

10.45 


In good condition . . 

9.19 

9.30 

1 


Boston 

(sea 

level) 

Montt 

(4710 

meters) 


Members of the 
Chilean Expedi- 


10.72 


tion 

8.84 



Condition in Ticlio 
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Pressure of oxygen in alveolar air. 

Effect of NHjOl 

A rise in the pressure of oxygen in the alveolar 
air, accomplished by an increase in the total ven- 
tilation, has been considered as one of the mecha- 
nisms of adaptation. Furthermore, Haldane and 
Priestley (11) state that “ the diminution in avail- 
able alkali seems to be much more important ” for 
the process of adaptation to high altitudes. They 
then add, “ Possibly this part of acclimatization 
might be greatly hastened by the administration 
of NH^Ci” (11, p. 317). If an increase in the 
pressure of oxygen of the alveolar air may pre- 
vent mountain sickness, Haldane’s suggestion 
seemed reasonable. Greene, during the expedi- 
tion to Mount Kamet (12), took small doses of 
NH 4 CI (0.45 gram three times daily) and thought 
that the effect was beneficial. Later, Douglas, 
Greene and Kergin (13) compared the general 
condition and capacity to do muscular work of 
one subject at a pressure of 347 mm. Hg in a 
steel chamber with and without the administra- 
tion of NHjCl. With NH4CI the subject showed 
a lower alveolar COj pressure and a higher oxy- 
gen pressure, a lessened degree of cyanosis, a 
slower pulse rate, and a greater ability to perform 
muscular work than in experiments in which no 
NH4CI had been taken. According to Foiling 
(14) the increase in alveolar ventilation after in- 
gestion of NH4CI over a two-day period is not 
proportionate to the decrease in alkaline reserve, 
the result being an uncompensated acidosis. 

The fact that there is no relation, down to cer- 
tain limits, between the arterial oxygen saturation 
and mountain sickness raises strong doubts as to 
the usefulness of NH4CI in preventing mountain 
sickness. Furthermore, the uncompensated aci- 
dosis produced by the drug in displacing the oxy- 
gen dissociation curve ‘to the right would tend to 
neutralize the effect of the increased oxygen pres- 
sure in the blood. 

Notwithstanding these considerations, a practi- 
cal test seemed worth while. This test was per- 
formed in Peru. Of the 12 members who made 
up the party, 6 took NH4CI in the doses stated 
under “ Procedure.” 

Proof that this method of administering NH 4 a 
resulted in a significant decrease in alkaline re- 
serve and in alveolar ventilation over the critical 


TABLE in 

Effects of NHiCl on blood and alveolar ventilation on. normal 
subjects at sea level 

5 grams ivere ingested after each meal on the first day. 
Blood was drawn on the morning of the first day and 24 
and 30 hours later. The results for the 3 specimens are in 
chronological order for each individual. 


Subject 

Alveolar 
air { 

Equilibrated 
oxygenated blood 

Calcu- 

lated 

arte- 

rial 

pH. 

Total CO* 
of oxygenated 
blood, when 
pCOa =40 mm. 

i 

pCOj; 

i 

PO 2 

pCOi 

Total 

COj 

HbOj 

Dili 

mm. 
Be 1 
41. & 

mm. 

He 

106 

mm. 

He 

42.3 

22.5 

mM. 

8.29 

7.38 

m.eg. 

22,1 


38.3 

110 

42.1 

18.7 

8.38 

7.33 

18.3 


39.7j 

106 

42.4^ 

20.8 

8.71 

7.36 

20.3 

Forbes... . 

42.6 

96 

42.0 

21.S 

9.09 

7.36 

20.7 


40.2 

103 

40.9 

18.2 

8.80 

7.30 1 

18.0 


40.3 

98 

38.3 

17.9 

8.69 

7.30 

18.1 

Edwards. . 

41.6 

99 

41.5 

21.0 

9.30 

7.36 

20.6 


38.0 

103 

39.6 

17.2 

9.58 

7.30 

17.2 


35.9 

105 

38.8 

17.2 

9.71 

7.32 

17.4 

Keys 

42.1 

101 

41.7 

21.7 

9.00 

7.37 

21.3 

38.8 

107 

38.4 

17.4 

8.90 

7.30 

17.7 


40.3 

98 

39.7 

18.9 

8.84 

7.33 

19.0 

F. Con- 





1 

7.37 

20.2 

solazio. . 

39.3 

103 

43.4 

20.7 

9.48 


34.S 

109 

37.4 

16.3 

'9.71 

7.32 

17.0 




39.0 

18.7 

9.53 


18.9 

Daly 

42.4 

97 

43.9 

21.5 

8.49 

7.35 

' 20.4 

3S.2 

120 

37.7 

16.7 

|9.26 

7.32 

17.3 




41.0 

18.9 

9.08 

[ 

1 

18.8 

Mean 





1 

1 

1 


values. . 

41.6 

100 

42.5 

21.5 

8.94 

' 7.37 

20.9 


37.5 

109 

39.4 

17.4 

9.10 

7.31 

17.6 


39.0 

102 

39.9 

18.7 

9.09 

7.33 

18.7 


period was obtained after our return to Boston. 
Six subjects were given the same quantity at the 
same rate. Studies were made of the alveolar air 
and properties of the blood in the morning before 
beginning ingestion, the following morning, and 
the following 'afternoon. The results are shown 
in Table III. For comparison, the level of the 
CO, curve of oxygenated blood of full}' acclima- 
tized men at various altitudes is shown in Table 
IV. It appears 'that the reduction in available 
alkali accomplished in 24 hours by the administra- 
tion of NH 4 C 1 is approximately equal to that 
established by normal men after gradual (but in- 
complete) acclimatization to an altitude of about 
5000 meters. Therefore, if alk-aline reserve is 
closel}’^ related to mountain sickness, as has been 
claimed, one would expect significant benefits 
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TABLE I 

Arterial oxygen saturation in acute mountain sickness. 
Arterial blood taken in Lima {160 meters) in the mornittfi, 
before the trip, a?td in Ticlio {4740 meters) in the afternoon 
of the same day 



Lima 

Ticlio 

1 


Name 

HbO: 

con- 

tent 

llbOi 

satu- 

ration 

IlbO. 

con- 

tent 

HhOi 

satu- 

ration 

Condition 

Sandoral 

Aldazabar j 

Prieto 

Cordova 1 

Tincopa 

Guzman 

A. Barron 

Hurtado 

E. S. G. Barron 

milf. 

per 

liter 

9.54 

9.71 

8.24 

9.24 
8.04 

per 

cent 

92.0 

92.6 

92.7 

91.6 

93.7 

mil. 

per 

liter 

7.67 

7.49 

8.24 

6.44 
8.12 

6.45 
6.17 
8.07 
8.05 

Per 

Cent 

i 74.6 
t 70,3 

81.7 
72.9 

78.7 

73.8 
65.4 

75.3 

73.3 

111. Mountain sicknc.ss 
III. Mountain sickness 
111. Alountain sickness 
Good 

Good 

Good 

Good 

Good 

Good 

Averape 0: saturations in Ticlio: 

With mountain sickness 

In good condition 

Average Oj saturation at Montt (4710 
meters) — acclimatized members 
of the Chilean Expedition ...... 

75.5 

73.2 

78.0 



In Table I are given the oxygen saturation and 
content of the arterial blood of the members of the 
party, as taken in Lima azid in Ticlio. The aver- 
age oxygen saturation of the individuals with 
mountain siclmess was 75.5 per cent, while that 
of the individuals who did not feel any ill effects 
at this altitude was 73.2 per cent. Prieto, with 
an arterial oxygen saturation of 81.7 per cent, was 
ill; while A. Barron, with an oxygen saturation 
of 65.4 per cent, was well. Similar results were 
found earlier in Chile, In Montt, at 4710 meters, 
only 30 meters lower than Ticlio, Dill, with an 
arterial oxygen saturation of 71.6 per cent, was 
working with normal efficiency; while Hall, with 
an oxygen saturation of 83.2 per cent, had a mild 
case of mountain sickness (headache, lack of ap- 
petite, nausea). 

Hemoglobin concentration 

Barcroft (9), in his excellent studies on the 
physiology of the spleen, considers this organ as 
one of the main storehouses or depots for blood, 
adding as others the liver, lungs, and subpapillary 
vessels of the skin. The role of the spleen as a 
blood reservoir which the organism may utilize 
in case of need seems to vary in the different ani- 
mal species. For example, while the dog’s spleen, 
according to Barcroft, raises by its contraction 
during exercise the oxygen capacity of the blood. 


.such a rise docs not occur in man (Dill, Talbott 
and Edwards (10)). It could be argued that 
during the ascent to high altitudes, before there 
is an increase in hemoglobin formation these blood 
reservoirs throw into the general circulation their 
reserve red cells, thus increasing the oxygen ca- 
pacity of the blood. In Table II is given the 
o.xygcn capacity (a more reliable figure than the 
red cell count) of those members of the party 
whose arterial blood was obtained at both places, 
Lima and Ticlio. There was essentially no dif- 
ference between the average arterial oxygen ca- 
pacity in Lima, 9.68 mM. per liter, and that in 
Ticlio, 9.76 niM. per liter. Although there was a 
slightly' higher average increase in the oxygen 
capacity’ of those rvho felt no ill sy'mptoms than of 
those who suffered mountain sickness, the differ- 
ence is too small to deserve attention. We may 
therefore conclude that these “ blood stores ” play 
no important function in the rapid adjustments of 
the organism to high altitudes. For comparison 
we have added the oxy'gen capacity of the acclima- 
tized members of the Chilean Expedition after a 
gradual ascent to Montt, practically the same alti- 
tude as Ticlio. Here the increase in hemoglobin 
concentration is evident. 


TABLE II 


Arterial oxygen capaeily soon after an ascent to high altitudes 
{Ticlio, 4740 meters) 


Name 

Oxj'gen 

capacity 

In 

Lima 

In 

Ticlio 

1 

Sandoval 

mM. 

per 

liter 

10.37 

8.90 

10.48 

10.10 

8.58 

1 

mM. 

per 

liter 

10.25 

8.82 

10.65 

10.30 

8.77- 

(Cordova 

Aldazabar 

Tincopa 

Guzman 


Average 

' 9.6S 

9.76 


HI, mountain sick- 
ness. 

10.42 

9.19 

10.45 

9.30 

In good condition . . 

Members of the 
Chilean Expedi- 
tion 

Boston 

(sea 

level) 

Montt 

(4710 

meters) 

8.84 

10.72 



Condition in Ticlio 


111. Mountain sickness 
Good . . , 

111. Mountain sickness 

Good 

Good 
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tissue oxygen transport system (myoglobin and 
part of the cytochrome complex) , whose efficiency 
is regulated by the blood flow, the state of the 
capillaries, etc. The studies of Monge, Encinas, 
Hurtado and Heraud (3) and of Hurtado (17) 
on the dwellers of the high Andes, and those of 
the Chilean expedition, have shown that normal 
life is possible with an arterial oxygen saturation 
as low as 70 per cent. These studies suggest that 
undue importance has been given to the vascular 
oxygen transport system. Since mountain sick- 
ness may occur when the vascular oxygen trans- 
port system is still within normal limits, it is sug- 
gested that the tissue oxygen transport system 
plays an important role in determining the ap- 
pearance of mountain sickness, because it con- 
tains and transports the molecular oxj'gen which 
will be immediately utilized by the oxidizing en- 
zymes, i.e., the enzymes concerned with cellular 
respiration. Little is known of the properties of 
this system. However, Theorell’s brilliant con- 
tribution (18) has shown that the oxygen dis- 
sociation constant of horse myoglobin at pH 7.46 
is 3.26 mm. Oj; i.e., the myoglobin, at equal hy- 
drogen ion concentration and temperature, has six 
times as great an affinity for 'oxygen as horse 
hemoglobin has; and Millikan reports (19) that 
myoglobin combines with oxygen several times as 
fast as hemoglobin. This relation between the 
affinity for oxygen (as expressed by the dissocia- 
tion constants) and the rate of combination in 
these two systems is of great physiological im- 
portance. The same relation between free energy 
and rates of reaction has been found by Barron 

(20) to exist in a number of oxidation processes 
of biological importance. The existence of cyto- 
chrome in the heart, liver, and brain of mam- 
malians has been reported by Cohen and Elvehjem 

(21) . In sudden ruptures of equilibrium condi- 
tions (mountain sickness) this relation might in- 
fluence the rate of diffusion of oxygen from the 
vascular ox3"gen transport system to the tissue 
oxygen transport system. Other factors which 
probably take part in the regulation of oxygen 
passage from the vascular system to the tissue 
transport sj'stem are an increased blood flow, as 
reported by Grollman (22), and dilatation of the 
capillaries. 


CONCLUSIONS 

The appearance of acute mountain sickness is 
not closely dependent upon the degree of arterial 
oxygen saturation and the alveolar air oxygen 
pressure, down to certain limits. Acute mountain 
sickness is not prevented by diminishing the alka- 
line reserve of the blood, as shown by the failure 
of ammonium chloride to prevent it in a rapid 
ascent from sea level to 4740 meters. The tissue 
oxygen transport system (myoglobin and part of 
the cytochrome complex) probably plays an im- 
portant role in mountain sickness. 

PROTOCOLS OF THE EXPERIMENTS 

Members of the party who developed acute moun- 
tain sickness on the trip to Ticlio 

Nu7nber 1. Montoya. Nurse, 26 years. Born 
in Arequipa (2280 meters). Had passed through 
Ticlio before with no ill effects. On arrival at 
Casapalca (4140 meters) he became extremely 
ill. He was very pale, felt chills and such severe 
dizziness that he could not walk, vomited, and had 
to be taken to the hospital on a stretcher. No 
samples of blood or alveolar air were taken. At 
the hospital he was given oxygen, and at 9:00 
p.m., when we returned to Casapalca, he was feel- 
ing better and returned with us to Lima. He had 
taken NH^Cl, which he felt sure was the cause of 
his illness. 

Number 2. Sandoval. Student, 24 years. 
Bom in Huari (3160 meters). Had crossed the 
Andes on horseback at heights of 4800 meters 
several times with no ill effects. On arriring at 
Ticlio he felt veiy cold, was extremely pale, com- 
plained of dizziness and nausea, and finallj'- vom- 
ited. After resting in bed he felt better. He had 
taken NH^Cl and felt certain that it made him ill. 

Number 2. Aldaaabar. Nurse, 25 years. 
Bom in Lima. Had been repeatedly at high alti- 
tudes. In Ticlio he felt extremely cold, had nau- 
sea, headache, dizziness, ringing in the ears. He 
was continuously shivering, so that samples of 
alveolar air could not be taken. He had taken 
NH,CI. 

Number 4. Prieto. Student, 24 years. Bom 
in Arequipa. Had never been in altitudes higher 
than Arequipa. From San Mateo on he felt 
headache and dizziness. In Casapalca he began to 
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TAm.E IV 

COi of oxygcmtcd blood at pCOi = dO mm. 
Results in m.cq. per liter 


Name 

Sca 

level 

Chuqul 

Ollanllc 

Monti 

Quilcha 

Punta 

2810 

3660 

4710 

5340 

6140 


meters 

meters 

meters 

meters 

meters 


Members of expedition 


Forbes 

22.4 

19.4 

17.6 

19.3 

17.3 

16.2 

Talbott 

21.9 

19.2 

18.8 

18.8 

17.7 

16.0 

Dill 

22.2 

20.7 


19.8 

18.7 

15.2* 

Barron 

20.9 

19.2 

18.9 

18.7 

19.2 

15.1 

Edwards 

21.5 

18.4 


18.4 

16.9 

13.8* 

Christensen .... 

21.6 

19.1 

21.6 

19.9 

18.5 


Keys 

22.3 

18.2 

19.4 

17.4 

17.2 

15.7 

McFarland .... 

21.7 

19.1 


18.3 

17.6 

16.5 

Hall 

20.4 

18.8 


18.0 

17.1 

17.1 

Matthews 


19.2 


19.3 

17.5 

16.8 

Average . . . 

21.7 

19.1 

19.2 

18.8 

17.8 

16.2 


Residents 


Bastias. . 
Heredia . 
Campos . 
Martinez 
Alcaino. . 
Troncoso 

Alcio 

Fritz 


16.2 

14.8 

14.8 

17.4 

IS.O 

15.6 

15.3 


Carrasco 


18.3 


Average . . . 


15.9 


* After NH 4 CI ingestion. Not included in the average. 


from the administration of NH 4 CI as it was car- 
ried out in Peru. 

In Table V are given the alveolar pOo and 
pCOg of the members of the party from whom 
reliable samples were obtained. There was an 
increase in the alveolar pOg of those who took 
NH4CI, and the average pOa was higher (49.6 
mm, Hg) than those of Hurtado (45.0) and 
Barron (47.0), both thoroughly acclimatized to 
high altitudes. In spite of this increase in the 
pOa of the alveolar air, of the 6 subjects who took 
NH4CI, one, Montoya, became critically ill at 
4140 meters, and 2 more became ill in Ticlio ; i.e., 
half of those who had taken NH4CI had mountain 
sickness. Of the other 6 members, who had not 
taken NH4CI, 2 had mountain sickness, one in 
Ticlio and the other on his way down. It should 
be emphasized that the three subjects who had 
taken NH4CI and had mountain sickness had been 
in high altitudes previously with no ill effects. 
The gastric disturbances frequently produced by 


the drug might Imvc accelerated the onset of the 
symptoms. 


DISCUSSION 

Although there is general agreement with Paul 
Bert’s contention that the fundamental cause of 
mountain sickness is ox^'gen want, its mechanism 
is still obscure. In fact, Redfield’s statement in 
1922 (15) that in mountain sickness “each case 
is an individual story and up to the present no one 
has been able to predict who will and who will not 
be affected,” as ivcll as Loewy’s remarks (16) 
made ten years later that “ ihre Aetiologie jedoch 
ist durch ncuste Beobachtungen eher dunkler ge- 
worden als aufgehcllt,” may still be repeated. 

Tlie alveolar air and the arterial oxygen satura- 
tions which we determined in subjects suffering 
from mountain siclcness have revealed only that in 
rapid ascents up to 4700 meters the development 
of mountain sickness has no simple dependence on 
the arterial oxygen saturation and the alveolar 
oxygen pressure. Haldane’s suggestion that 
diminution in the alkaline reserve by NH4CI in- 
gestion might hasten acclimatization is not borne 
out ; our experience indicates that NH4CI offers a 
handicap rather ‘than an advantage. 

Since mountain sickness may be due to dimin- 
ished oxygen utilization by certain tissues, in par- 
ticular by the central nervous system, the factors 
concerned with the maintenance of a suitable oxy- 
gen supply to the tissues may be stated. These 
factors are essentially two; the vascular oxyt/i^’^ 
transport system (blood hemoglobin), whose effi- 
ciency is regulated by the arterial oxygen capacity 
and saturation and by the alveolar pOo,' and the 


TABLE V 

Alveolar air in Lima a7id Ticlio 


Name 


Lima, 
barometric 
pressure 
752 mm. 
Hg 



pOs 

pCOj 

pOj 

.pCOs 

NH.Ci 

Sandoval. . 

105.9 

33,6 

53.9 

23.9 

Yes 

Cordova . . 

103.0 

36.6 

49.8 

26.9 

Yes 

Aldazabar. 

104.0 

35.6 

50.9 

24.8 

Yes 

Montaya. . 

103.9 

34.9 



Yes 

Tincopa. . . 

102.2 

37.1 

49,5 

26.4 

Yes 

Guzman . . 

100.0 

38.0 

44,1 

30.1 

Yes 

Prieto .... 





None 

A. Barron. 





None 

Hurtado . . 



45.0 

29.7 

None 

E. S. G. 






Barron.. 



47.0 

28.3 

None 


Ticlio, barometric pressure 432 (4740 meters) 


Physical conditio^ 

111. Mountain sickness 

0°°'*Mountain 
III. Mountain sickncs 
(Left in.Casapaical 
Good 

ni°°'Mountain sickness 

Good 

Good 

Good 
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tissue oxygen transport system (myoglobin and 
part of the cytochrome complex), whose efficiency 
is regulated by the blood flow, the state of the 
capillaries, etc. The studies of Monge, Encinas, 
Hurtado and Heraud (3) and of Hurtado (17) 
on the dwellers of the high Andes, and those of 
the Chilean expedition, have shown that normal 
life is possible with an arterial oxygen saturation 
as low as 70 per cent. These studies suggest that 
undue importance has been given to the vascular 
oxygen transport system. Since mountain sick- 
ness may occur when the vascular oxygen trans- 
port system is still within normal limits, it is sug- 
gested that the tissue oxygen transport system 
plays an important role in determining the ap- 
pearance of mountain sickness, because it con- 
tains and transports the molecular oxygen which 
will be immediately utilized by the oxidizing en- 
zymes, i.e., the enzymes concerned with cellular 
respiration. Little is known of the properties of 
this system. However, Theorell’s brilliant con- 
tribution (18) has shown that the oxygen dis- 
sociation constant of horse myoglobin at pH 7.46 
is 3.26 mm. Oj ; i.e., the myoglobin, at equal hy- 
drogen ion concentration and temperature, has six 
times as great an affinity for oxygen as horse 
hemoglobin has; and Millikan reports (19) that 
myoglobin combines with oxygen several times as 
fast as hemoglobin. This relation between the 
affinity for oxygen (as expressed by the dissocia- 
tion constants) and the rate of combination in 
these two systems is of great physiological im- 
portance. The same relation between free energy 
and rates of reaction has been found by Barron 

(20) to exist in a number of oxidation processes 
of biological importance. The existence of cyto- 
chrome in the heart, liver, and brain of mam- 
malians has been reported by Cohen and Elvehjem 

(21) . In sudden ruptures of equilibrium condi- 
tions (mountain sickness) this relation might in- 
fluence the rate of diffusion of oxygen from the 
vascular oxygen transport system to the tissue 
oxygen transport system. Other factors which 
probably take part in the regulation of oxygen 
passage from the vascular system to the tissue 
transport system are an increased blood flow, as 
reported by Grollman (22), and dilatation of the 
capillaries. 


CONCLUSIONS 

The appearance of acute mountain sickness is 
not closely dependent upon the degree of arterial 
oxygen saturation and the alveolar air oxy^gen 
pressure, down to certain limits. Acute mountain 
sickness is not prevented by diminishing the alka- 
line reserve of the blood, as shown by the failure 
of ammonium chloride to prevent it in a rapid 
ascent from sea level to 4740 meters. The tissue 
oxygen transport system (myoglobin and part of 
the cytochrome complex) probably plays an im- 
portant role in mountain sickness. 

PROTOCOLS OF THE EXPERIMENTS 

Members of the party who developed acute moun- 
tain sickness on the trip to Ticlio 

Number 1. Montoya. Nurse, 26 years. Bom 
in Arequipa (2280 meters) . Had passed through 
Ticlio before with no ill effects. On arrival at 
Casapaica (4140 meters) he became extremely 
ill. He was very pale, felt chills and such severe 
dizziness that he could not walk, vomited, and had 
to be taken to the hospital on a stretcher. No 
samples of blood or alveolar air were taken. At 
the hospital he was given oxygen, and at 9:00 
p.m., when we returned to Casapaica, he was feel- 
ing better and returned with us to Lima. He had 
taken NH^Cl, which he felt sure was the cause of 
his illness. 

Number 2. Sandoval. Student, 24 years. 
Born in Huari (3160 meters). Had crossed the 
Andes on horseback at heights of 4800 meters 
several times with no ill effects. On arriving at 
Ticlio he felt very^ cold, was extremely pale, com- 
plained of dizziness and nausea, and finally vom- 
ited. After resting in bed he felt better. He had 
taken NH,CI and felt certain that it made him ill. 

Number 3. Aldaxabar. Nurse, 25 years. 
Born in Lima. Had been repeatedly at high alti- 
tudes. In Ticlio he felt extremely cold, had nau- 
sea, headache, dizziness, ringing in the ears. He 
was continuously shivering, so that samples of 
alveolar air could not be taken. He had taken 
NH,C1. 

Number 4. Prieto. Student, 24 years. Born 
in Arequipa. Had never been in altitudes higher 
than Arequipa. From San Mateo on he felt 
headache and dizziness. In Casapaica he began to 
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TABLE IV 

CO2 of oxy^cuatcd blood at pCX)i = dO vun. 
Results in m.cq. per liter 


Name 

Sea 

level 

Chiiqlii 

Oll.iellc 

Alontt 

Oiiilclm 

Bmita 

2810 

361)0 

<1710 

.<i310 

6l<i0 


meters 

meters 

meters 

mclcrn 

meters 


Members of expedition 


Forbes 

22.4 

19.4 

17.6 

19.3 

17.3 

16.2 

Talbott 

21.9 

19.2 

IS.S 

18.8 

17.7 

16.0 

Dill 

22 . 2 ! 

20.7 


19.8 

18.7 

15.2* 

Barron 

20.9 

19.2 

18.9 

18.7 

19.2 

15.1 

Edwards 

21.5 

18.4 


18.4 

16.9 

13.8* 

Christensen. . . . 

21.6 

19.1 

21.6 

19.9 

18.5 


Keys 

22.3 

18.2 

19.4 

17.4 

17.2 

15.7 

McFarland .... 

21.7 

19.1 


18.3 

17.6 

16.5 

Hall 

20.4 

18.8 


18.0 

17.1 

17.1 

Matthews 


19.2 


19.3 

17.5 

16.8 

Average . . . 

21.7 

i 

19.1 

19.2 

18.8 

17.8 

16.2 


Residents 


Bastias. . 
Heredia . 
Campos . 
Martinez 
Alcaino. . 
Troncoso 

Alcio 

Fritz 


16.2 

14.8 

14.8 

17.4 

IS.O 

15.6 

15.3 


Carrasco 


18.3 


Average. . . 


15.9 


* After NH 4 CI ingestion. Not included in the average. 


from the administration of NH4CI as it was car- 
ried out in Peru. 

In Table V are given the alveolar pOo and 
pCOa of the members of the party from whom 
reliable samples were obtained. There was an 
increase in the alveolar pOo of those who took 
NH4CI, and the average pOo was higher (49.6 
mm. Hg) than those of Hurtado (45.0) and 
Barron (47.0), both thoroughly acclimatized to 
high altitudes. In spite of this increase in the 
pOg of the alveolar air, of the 6 subjects who took 
NH4CI, one, Montoya, became critically ill at 
4140 meters, and 2 more became ill in Ticlio ; i.e., 
half of those who had taken NH4CI had mountain 
sickness. Of the other 6 members, who had not 
taken NH4CI, 2 had mountain sickness, one in 
Ticlio and the other on his way down. It should 
be emphasized that the three subjects who had 
taken NH4CI and had mountain sickness had been 
in high altitudes previously with no ill effects. 
The gastric disturbances frequently produced by 


the drug might have accelerated the onset of the 
symptoms. 


DISCUSSION 

Although there is general agreement with Paul 
Bert’s contention that the fundamental cause of 
mountain sickness is oxygen want, its mechanism 
is still obscure. In fact, Rcdfield’s statement in 
1922 (15) that in mountain sickness “each case 
is an individual story and up to the present no one 
has been able to predict who will and who will not 
be affected,” as well as Loewy’s remarks (16) 
made ten years later that “ ihre Aetiologie jedoch 
ist durch neuste Bcobachtungen eher dunkler ge- 
w'orden als aufgchclit,” may still be repeated. 

The alveolar air and the arterial oxygen satura- 
tions w'hich we determined in subjects suffering 
from mountain siclcness have revealed only that in 
rapid ascents up to 4700 meters the development 
of mountain sickness has no simple dependence on 
the arterial oxygen saturation and the alveolar 
oxygen pressure. Haldane’s suggestion that 
diminution in the alkaline reserve by NH4CI in- 
gestion might hasten acclimatization is not borne 
out ; our experience indicates that NH4CI offers a 
handicap rather 'than an advantage. 

Since mountain sickness may be due to dimin- 
ished oxj'gen utilization by certain tissues, in par- 
ticular by the central nervous system, the factors 
concerned with the maintenance of a suitable ox}'- 
gen supply to the tissues may be stated. These 
factors are essentially two: the vascular oxygen 
f}-ansp 07 -f system (blood hemoglobin), whose effi- 
ciency is regulated by the arterial oxygen capacity 
and saturation and by the alveolar pOo,' and the 


TABLE V 
Alveolar air in Lima and Ticlio 


Name 

Lima, 
barometric 
pressure 
752 mm. 
He 

Ticlio, barometric r 

PO 2 

pCOz 

pO, 

,pC02 

NH<C1 

Sandoval . . 

105.9 

33.6 

53.9 

23.9 

Yes 

Cordova . . 

103.0 

36.6 

49.8 

26.9 

Yes 

Aldazabar. 

104.0 

35.6 

50.9 

24.8 

Yes 

Montaya. . 

103.9 

34.9 



Yes 

Tincopa. . . 

102.2 

37.1 

49.5 

26.4 

Yes 

Guzman . . 

100.0 

38.0 

44.1 

30.1 

Yes 

Prieto .... 





None 

A. Barron. 





None 

Hurtado . . 



45.0 

29.7 

None 

E. S. G. 






Barron. . 



47.0 

28.3 

None 


Physical condition ^ 

111. Mountain sickness 

lfL°‘^Mountain 

111. Mountain sickmis 

(Leftin.Casapalca) 

Good 

ni°°'^Mountain sickness 

Good 

Good 

Good 
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tissue oxygen transport system (myoglobin and 
part o! the cytochrome complex) , whose efficiency 
is regulated by the blood flow, the state of the 
capillaries, etc. The studies of Monge, Encinas, 
Hurtado and Heraud (3) and of Hurtado (17) 
on the dwellers of the high Andes, and those of 
the Chilean expedition, have shown that normal 
life is possible with an arterial oxygen saturation 
as low as 70 per cent. These studies suggest that 
undue importance has been given to the vascular 
oxygen transport system. Since mountain sick- 
ness may occur when the vascular oxygen trans- 
port system is still within normal limits, it is sug- 
gested that the tissue oxygen transport system 
plays an important role in determining the ap- 
pearance of mountain sickness, because it con- 
tains and transports the molecular oxygen which 
will be immediately utilized by the oxidizing en- 
zymes, i.e., the enzymes concerned with cellular 
respiration. Little is known of the properties of 
this system. However, Theorell’s brilliant con- 
tribution (18) has shown that the oxygen dis- 
sociation constant of horse myoglobin at pH 7.46 
is 3.26 mm. Oj ; i.e., the myoglobin, at equal hy- 
drogen ion concentration and temperature, has six 
times as great an affinity for 'oxygen as horse 
hemoglobin has; and Millikan reports (19) that 
myoglobin combines with oxygen several times as 
fast as hemoglobin. This relation between the 
affinity for oxygen (as expressed by the dissocia- 
tion constants) and the rate of combination in 
these two systems is of great physiological im- 
portance. The same relation between free energy 
and rates of reaction has been found by Barron 

(20) to exist in a number of oxidation processes 
of biological importance. The existence of cyto- 
chrome in the heart, liver, and brain of mam- 
malians has been reported by Cohen and Elvehjem 

(21) . In sudden ruptures of equilibrium condi- 
tions (mountain sickness) this relation might in- 
fluence the rate of diffusion of oxygen from the 
vascular oxygen transport system to the tissue 
ox3'gen transport system. Other factors which 
probably take part in the regulation of oxygen 
passage from the vascular system to the tissue 
transport system are an increased blood flow, as 
reported by Grolhnan (22), and dilatation of tlie 
capillaries. 


CONCLUSIONS 

The appearance of acute mountain sickness is 
not closely dependent upon the degree of arterial 
oxygen saturation and the alveolar air oxygen 
pressure, down to certain limits. Acute mountain 
sickness is not prevented by diminishing the alka- 
line reserve of the blood, as shown by the failure 
of ammonium chloride to prevent it in a rapid 
ascent from sea level to 4740 meters. The tissue 
oxygen transport system (myoglobin and part of 
the cytochrome complex) probably plays an im- 
portant role in mountain sickness. 

PROTOCOLS OF THE EXPERIMENTS 

Members of the party who developed acute moun- 
tain sickness on the trip to Ticlio 

Number 1. Montoya. Nurse, 26 years. Born 
in Arequipa (2280 meters). Had passed through 
Ticlio before with no ill effects. On arrival at 
Casapaica (4140 meters) he became extremely 
ill. He was very pale, felt chills and such severe 
dizziness that he could not walk, vomited, and had 
to be taken to the hospital on a stretcher. No 
samples of blood or alveolar air were taken. At 
the hospital he was given oxygen, and at 9:00 
p.m., when we returned to Casapaica, he was feel- 
ing better and returned with us to Lima. He had 
taken NH^Cl, which he felt sure was the cause of 
his illness. 

Number 2. Sandoval. Student, 24 years. 
Born in Huari (3160 meters). Had crossed the 
Andes on horseback at heights of 4800 meters 
several times with no ill effects. On arriving at 
Ticlio he felt very cold, was extremely pale, com- 
plained of dizziness and nausea, and finally vom- 
ited. After resting in bed he felt better. He had 
taken NH^Cl and felt certain that it made him ill. 

Number 3. Aldasabar. Nurse, 25 years. 
Bom in Lima. Had been repeatedly at high alti- 
tudes. In Ticlio he felt extremelj' cold, had nau- 
sea, headache, dizziness, ringing in the cars. He 
was continuously shivering, so that samples of 
alveolar air could not be taken. He had takcsi 
NH,CI. 

Number 4. Prieto. Student, 24 years. Born 
in Arequipa. Had never been in altitudes higher 
than Arequipa. From San Mateo on he felt 
headache and dizziness. In Casapaica he began to 
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feel weak. At Ticlio, while walking to the engi- 
neer’s house, he felt still weaker. At the house, 
he felt dizzy and faint; had nausea, vomiting, 
chills, extreme pallor, headache, and ringing of 
the ears. He was put to bed. His pulse was 88 , 
rhythmic and vigorous. During the return to 
Lima, he began to feel ill again, at about 2100 
meters, and vomited copiously. This was his first 
ascent to so high an altitude. He had taken no 
NH,C1. 

Number 5. A. G. Barron. Member of the 
faculty in the Medical School of Lima, 33 years. 
Born in Huari. Extremely susceptible to moun- 
tain siclcness. One week previously he had come 
by car along this road and had had to stop in 
Matucana (2370 meters) because of headache and 
d 3 ^spnea. He had had mountain sickness when 
passing through Ticlio by train on two previous 
occasions. In Ticlio he was feeling dyspneic and 
had tachycardia (pulse 128). On the way down, 
at about 2700 meters, he felt headache and nausea, 
and vomited. No blood sample could be taken. 
He had taken no NH 4 CI. 

The other members of the party felt no ill 
symptoms ; nor did the three drivers. Edwards, 
Hurtado and E. S. G. Barron worked steadily in 
Ticlio from 4:45 p.m. to 8:30 p.m., taking the 
blood and air samples. Edwards and Barron had 
recently been in the Chilean Andes, and Hurtado 
goes through Ticlio every other week to Moro- 
cocha (4500 meters). 
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Although hypochromic anemia due to iron defi- 
ciency is universally treated with iron medication, 
there is not as much unanimity with respect to the 
particular type of iron compound to be used. The 
following postulates, however, are accepted: The 
dosage must be adequate to insure a reasonably 
rapid increase of hemoglobin, the iron compound, 
in the dosage given, 'must be tolerated by the pa- 
tient without undue distress, and the cost of medi- 
cation must be within the financial means of the 
patient. 

Many individuals receiving iron complain of 
such symptoms as nausea, epigastric discomfort, 
diarrhea or constipation. Some physicians hesi- 
tate to subject their patients to possible upset in 
cases of gastric or duodenal ulcer, colitis, and 
diarrhea or constipation. It was thought desir- 
able, therefore, to prepare an iron compound 
which might have minimum irritating effects. 
One of the characteristics of ferric compounds is 
their ability to precipitate proteins. Most ferrous 
compounds are oxidized readily to the ferric state. 
This precipitating effect on proteins might explain 
the irritating action of iron compounds on the 
gastro-intestinal tract of some patients. Ferrous 
gluconate, prepared anaerobically, was found to 
have no precipitating action on proteins even when 
converted into the ferric state. It was decided, 
therefore, to treat patients with this compound to 
determine not only its efficacy but also its toxicity 
compared to medications now in common use. 
As a further test of its lack of toxic effects, solu- 
tions of ferrous gluconate were administered in- 
tramuscularly in quantities containing as much as 
50 mgm. of iron, with no systemic disturbances 
and rarely with local discomfort. The method of 
preparing this substance and its use in treating 
hypochromic anemia in rats have been described 
previously (1). 

Recently wc have been able to simplify the method 
based upon a report of Nciger and Neuschul (2). These 


investigators, studying the photochemical reactions of 
ferrous gluconate, prepared dilute solutions of this salt 
by boiling aqueous gluconic acid with iron filings. Al- 
though these workers do not describe the isolation of the 
crystalline salt, it occurred to us that crystalline ferrous 
gluconate might be prepared in quantity and in a high 
state of purity by employing this simple reaction. Con- 
sequently 100 grams of crystalline calcium gluconate i 
were dissolved in 700 cc. of boiling water. A solution of 
29.3 grams of oxalic acid dissolved in ISO cc. of warm 
water was added. The precipitated 'calcium oxalate was 
separated by filtration, and the clear filtrate containing 
gluconic acid was concentrated to 350 cc. in vacuo. The 
solution of gluconic acid was placed in a one liter, three 
necked, round bottomed flask bearing a mercury sealed 
stirrer. One outlet of the flask was fitted with a small 
water trap to permit the escape of evolved hydrogen gas 
whereas the third outlet was closed with a rubber stopper. 
The flask was now heated in a water bath, and the con- 
tents rapidly stirred. Twenty-six grams (2 equivalents) 
of pure powdered iron (Merck’s “ Iron by Hydrogen ") 
were added. A rapid evolution of hydrogen took place. 
At the end of two hours the solution in the flask was 
neutral to litmus paper. The hot solution of ferrous 
gluconate, colored a pale green, was carefully filtered 
through a sintered 'glass funnel of fine porosity. The 
filtration was conducted in such a manner that at no time 
did the solution of ferrous gluconate come in contact with 
atmospheric oxygen. This was accomplished by conduct- 
ing the solution from the reaction flask by suction into an 
enclosed filtering system in which all air had been dis- 
placed by carbon dioxide. 

The solution was allowed to cool in an atmosphere of 
carbon dioxide and after crystallization of ferrous glu- 
conate was complete, the product was filtered rapidly in 
a Buchner funnel, washed with a small amount of 50 per 
cent alcohol, and finally with pure acetone. The sub- 
stance was 'placed in a -vacuum desiccator to remove all 
traces of acetone. Eighty-eight grams of ferrous glu- 
conate were recovered. 

The product thus obtained is a fluffy white 
powder with a verj'- slight greenish tint. Tlie 
substance crystallizes with one molecule of water 
and contains no detectable ferric iron. The fer- 

^ We have been able to simplify the preparation of fer- 
rous gluconate still further recently by making it from 
technical gluconic acid. 
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Summary of results with ferrous gluconate therapy in 13 patients 
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TABLE I — Continued 
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* Intramuscular administration of ferrous gluconate, 
t Oral administration of ferrous gluconate. 
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rous gluconate prepared in this manner is in all 
respects identical with that previously described. 
The above method, however, is considerably sim- 
pler than that originally described b}' us for the 
preparation of crystalline ferrous gluconate (1), 
and Jjas the additional advantage of being more 
economical and more easily carried out. 

Thirteen female patients ranging in age from 
24 to 49 years and averaging 40, and suffering 
from hypochromic anemia were treated M’ith fer- 
rous gluconate, two by intramuscular injection, 
eight by oral administration and three by both 
methods (Table I). In addition, two patients 
who had demonstrated marked intolerance to other 
iron compounds were given ferrous gluconate. 
In most instances, daily reticuloc 3 'te, red blood cell 
and hemoglobin detenninations were made until 
nonnal values were obtained, and subsequently 
the blood was studied as frequentl}' as seemed 
indicated. In this study 14.5 grams of hemo- 
globin per 100 cc. was equivalent to 100 per cent. 

The diagnosis in four of the patients was “ idio- 
pathic ” hypochromic anemia without complicating 
factors. In the. others, the following conditions 
were found, in some cases more than one being 
present : intestinal adhesions, 1 ; post-thyroidec- 
tomy, 2 ; uterine fibroids, 3 ; previous miscarriages, 
1 ; rheumatic heart disease, 3 ; ulcerative colitis 
and ileostomy, 1 ; duodenal ulcer, 1. 

The initial hemoglobin was less than 7.25 grams 
per 100 cc., or 50 per cent, in 3 of the patients. 
In the remaining, the hemoglobin before medica- 
tion was greater than 7.25 grams. This observa- 
tion is important since Heath (3) states that a 1 
per cent rise in hemoglobin per day is the low limit 
of a satisfactory response to treatment when the 
initial hemoglobin is below 50 per cent. 

The volume index of one patient who had been 
bleeding from a duodenal ulcer was 0.97. An- 
other had a volume index of 0.8 ; in two the deter- 
mination was not made ; and in the other nine, the 
values varied from 0.58 to 0.76. 

Gastric analysis was not performed in 3 cases. 
Of the rest, 1 had normal hydrochloric acid con- 
tent after alcohol and histamine; 4 had hypo- 
chlorhydria; and 5, achlorhydria. 

The anemia in all of these patients responded 
well to therapy. In only two did the hemoglobin 
level fail to reach 11.6 grams or 80 per cent and 


in these the toxicity of ferrous gluconate when 
given intramuscularly was tested and no attempt 
was made to complete the treatment with this iron 
salt, Si.x of the 13 patients attained hemoglobin 
values ranging from 13.1 grams (90 per cent) to 
14.2 grams (98 per cent) ; and 5, values ranging 
from 11.7 grams (81 per cent) to 12.6 (87 per 
cent). 

Of the 13 patients, one had an initial eiydhro- 
cyte count between 2,000,000 and 2,500,000; one, 
between 2,500,000 and 3,000,000; four, between 

3.000. 000 and 3,500,000; one, between 3,500,000 
and 4,000,000 ; two, between 4,000,000 and 4,500,- 
000; and four, between 4,500,000 and 5,000,000. 
After treatment, three patients had erythrocyte 
counts betw'cen 4,000,000 and 4,500,000 ; five, be- 
tween 4,500,000 and 5,000,000; and five, above 

5.000. 000. Since this response of the red blood 
cells to treatment showed no abnormalities, this 
pliase of the subject will not be considered further 
in this report. 

Symiptomatically, 7 patients were apparently 
cured with the attainment of a nonnal blood 
count. In 4, profuse menstrual bleeding pet' 
sisted even after a normal blood count was 
reached. In 2 of these cases hysterectomy was 
performed (Cases 4 and 9) ; in the other two 
Cases 1 and 7), the blood count has been normal 
for five months in spite of the fact that they have 
continued to menstruate profusely and have re- 
ceived no medication. One patient (Case 5) who 
had an ileostomy for ulcerative colitis, became 
anemic again two months after the administration 
of ferrous gluconate was stopped although she 
received large doses of ferrous sulphate and intra- 
muscular liver extract. Another patient (Case 
10) returned three months after the cessation o 
ferrous gluconate therapy with evidences of hj 
perchromic anemia and a history of severe mal 
nutrition. She is responding well to liver ther 

■ n.- 

The effect of ferrous gluconate therapy is su 
marized in Table I. An analysis of these results, 
without a critical consideration of each case, shoivs 
that with respect to the reticulocyte count, gam 
hemoglobin per day, and percentage utilization o 
iron, the ferrous gluconate was strikingly e ^ 
tive in the 13 patients treated. Since in this stu y 
small oral doses of iron (108 mgm. daily) were 
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Fig. 1. Rexiculocyte Peaks Attained by Patients Plotted on Heath’s (3) Curve of Adequate Response 


usually administered to determine the response to 
minimum dosage, the time elapsing before a nor- 
mal blood count was obtained was not remarkable. 
However, when for purposes of expediency larger 
oral doses (216 mgm. daily) were given to Pa- 
tients 2 and 13, normal blood counts were attained 
within three weeks. Patients 1, 6 and 8 showed 
a normal count with only 108 mgm. of iron daily 
in 20, 16 and 23 days respectively. Case 6, how- 
ever, represents a posthemorrhagic patient, and 
the marked response may not be due chiefly to the 
therapy. 

Figure 1 shows the reticulocj’^te peaks attained 
by the patients in this study. These are repre- 
sented by a dot for each case when compared to 
Heath’s cun'e (3) for adequate reticulocyte re- 
sponse. Patient 5 suffering from ulcerative coli- 
tis attained 22 per cent reticulocjTes, but her ini- 
tial count was 10 per cent. Patient 6 who suf- 
fered from hematemesis reached a peak of 15.2 
per cent from an initial count of 12.6 per cent. 


Obviously, these results cannot be considered to 
be entirely due to the treatment. Patient 12 at- 
tained a reticulocyte peak of only 4.6 per cent with 
an initial hemoglobin of 7.9 grams. But prelim- 
inary counts were as high as 2.4 per cent, and she 
had a red blood cell count of 4,800,000 before 
therapy was started which would tend to lower 
the peak. 

The average daily increase of hemoglobin in 
the patients receiving ferrous gluconate intra- 
muscularly, exclusive of Patient 5 in whom the 
results of intramuscular and oral administration 
overlapped, was 0.189 gram of 1.30 per cent. If 
Patient 3 is excluded because of her high initial 
count of 10.2 grams, the results with the remain- 
ing three patients, two of whom had initial hemo- 
globin values of less than 7.25 grams, give an 
average dail)" increase of hemoglobin for intra- 
muscular therapy of 0.215 gram or 1.48 per cent. 
The average dail}- gain for all patients given fer- 
rous gluconate orally was 0.181 gram or 1.25 per 
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rous gluconate prepared in this manner is in all in these the toxicity of ferrous gluconate when 
respects identical with that previously described, given intramuscularly was tested and no attempt 
The above method, however, is considerably sini- was made to complete the treatment with this iron 
pier than that originally described by us for the salt. Six of the 13 patients attained hemoglobin 
preparation of crystalline ferrous gluconate (1), values ranging from 13.1 grams (90 per cent) to 
and has the additional advantage of being more 14.2 grams (98 per cent) ; and 5, values ranging 
economical and more easily carried out. from 11.7 grams (81 per cent) to 12.6 (87 per 

Thirteen female patients ranging in age from cent). 

24 to 49 years and averaging 40, and suffering Of the 13 patients, one had an initial eiythro- 
from hypochromic anemia were treated with fer- cyte count between 2,000,000 and 2,500,000; one, 
rous gluconate, two by intramuscular injection, between 2,500,000 and 3,000,000; four, between 
eight by oral administration and three by both 3,000,000 and 3,500,000; one, between 3,500,000 
methods (Table I). In addition, two patients and 4,000,000 ; two, between 4,000,000 and 4,500,- 
who had demonstrated marked intolerance to other 000 ; and four, between 4,500,000 and 5,000,000. 
iron compounds were given ferrous gluconate. After treatment, three patients had erythrocyte 
In most instances, daily reticulocyte, red blood cell counts between 4,000,000 and 4,500,000 ; five, be- 
and hemoglobin determinations were made until tween 4,500,000 and 5,000,000; and five, above 
normal values were obtained, and subsequently 5,000,000. Since this response of the red blood 
the blood was studied as frequently as seemed cells to treatment showed no abnormalities, this 
indicated. In this study 14.5 grams of hemo- phase of the subject will not be considered further 
globin per 100 cc. was equivalent to 100 per cent, in this report. 

The diagnosis in four of the patients was " idio- Symptomatically, 7 patients were apparently 
pathic " hypochromic anemia without complicating cured with the attainment of a normal blood 
factors. In the. others, the following conditions count. In 4, profuse menstrual bleeding per- 

were found, in some cases more than one being sisted even after a normal blood count was 

present : intestinal adhesions, 1 ; post-thyroidec- reached. In 2 of these cases hysterectomy was 

tomy, 2 ; uterine fibroids, 3 ; previous miscarriages, performed (Cases 4 and 9); in the other two 

1; rheumatic heart disease, 3; ulcerative colitis Cases 1 and 7), the blood count has been normal 
and ileostomy, 1 ; duodenal ulcer, 1. for five months in spite of the fact that they have 

The initial hemoglobin was less than 7.25 grams continued to menstruate profusely and have re- 
per 100 cc., or 50 per cent, in 3 of the patients, ceived no medication. One patient (Case 5) who 
In the remaining, the hemoglobin before medica- had an ileostomy for ulcerative colitis, became 
tion was greater than 7.25 grams. This observa- anemic again two months after the administration 
tion is important since Heath (3) states that a 1 of ferrous gluconate was stopped although she 
per cent rise in hemoglobin per day is the low limit received large doses of ferrous sulphate and intra- 
of a satisfactory response to treatment when the muscular liver extract. Another patient (Case 
initial hemoglobin is below 50 per cent. 10) returned three months after the cessation o 

The volume index of one patient who had been ferrous gluconate therapy with evidences of hy 
bleeding from a duodenal ulcer was 0.97. An- perchromic anemia and a history of severe ma 
other had a volume index of 0.8 ; in two the deter- nutrition. She is responding well to liver ther 
mination was not made ; and in the other nine, the apy. 

values varied from 0.58 to 0.76. The effect of ferrous gluconate therapy is sum 

Gastric analysis was not performed in 3 cases, marized in Table I. An analysis of these resu > 
Of the rest, 1 had normal hydrochloric acid con- without a critical consideration of each case, shows 

tent after alcohol and histamine; 4 had hypo- that with respect to the reticulocyte count, gam 

chlorhydria ; and 5, achlorhydria. hemoglobin per day, and percentage utilization 

The anemia in all of these patients responded iron, the ferrous gluconate was strikingly e 
well to therapy. In only two did the hemoglobin tive in the 13 patients treated. Since in this s u y 
level fail to reach 11.6 grams or 80 per cent and small oral doses of iron (108 mgm. daily) were 
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complained of indigestion characterized by ano- 
rexia, gas and epigastric distress or of constipa- 
tion when receiving ferrous sulphate in quantities 
containing from 180 to 249 mgm. of iron per day. 

DISCUSSION 

' To evaluate the efficacy of ferrous gluconate, a 
comparison with results obtained with various iron 
compounds by other workers is necessary. How- 
ever, it must be remembered that the experimental 
conditions may not be the same in any two studies. 
For example, Reimann and Fritsch (6) using fer- 
rous chloride in doses which contained 100 mgm. 
of iron a day demonstrated remarkable utilization 
of the iron, ranging from 17 to 45 per cent. 
However, all their patients had other forms of iron 
until a few days before the ferrous chloride was 
started and some demonstrated excellent reticulo- 
cyte responses with these other iron compounds 
which were supposed to give no appreciable hemo- 
globin increase. It is obvious that the action of 
the alleged inactive iron salts cannot be disre- 
garded in the final computations. In fact, these 
authors concluded that all ferrous compounds 
have approximately the same effect. It is also 
contrary to the experience of all other workers 
that large doses ‘of ferric salts are ineffective in 
hypochromic anemia as Reimann and Fritsch as- 
sert. Schulten (7) found that ferrous chloride 
had to be given in much larger doses and saw no 
distinct advantage in this iron compound. David- 
son (8) reported excellent results with ferrous 
chloride in doses containing 122 mgm. of iron a 
day but only 2 of his 7 patients attained 80 per 
cent hemoglobin. Witts (9) gives as the mini- 
mum effective daily dose of ferrous carbonate, an 
amount containing 300 mgm. of iron. Probably 
the best comparison of the efficacy of various iron 
compounds has been made by Fullerton (10). 
Table II represents a summary of his results com- 
pared with those obtained by oral administration 
of ferrous gluconate. Only those cases are in- 
cluded in which it seems reasonabl}' certain that 
there are no factors which either interfere with 
or accentuate the iron effect. This control neces- 
sarily makes the available cases few. It is also 
important to compare separately the results in 
patients whose initial hemoglobin values were be- 
low and above 50 per cent. In our series, pa- 


TABLE II 

Relative efficacy of various iron compounds * 


Compound 

used 

Daily iron 
dosage 

Initial 

hemo- 

globin 

Num- 

ber 

of 

cases 

Aver- 

age 

daily 

hemo- 

globin 

rise 

Average 

time 

before 

hemo- 

globin 

rise 

Uti - 

liza- 

tion 

of 

iron 


grams 

per 

cent 


per 

cent 

days 

per 

cent 

Ferrous sulfate. . . . 

0.180 

<50 

12 

1.175 

30 

15.70 

Ferrous sulfate, . . . 

0,120 

>50 

3 

0.650 

33 

13.00 

Iron ammonium 







citrate. 

1.215 

<so 

30 

1.270 


2,50 

Iron ammonium 







citrate 

1.2 IS 

>so 

3 

1.030 


2.03 

Ferrous carbonate 

0.110 

<50 

6 

0.955 


20.80 

Ferrous carbonate 

0.110 

>50 

3 

0.520 


11.30 

Ferrous carbonate 

0.220 

<50 

8 

0.803 


8.80 

Ferrous carbonate 

0.220 

>50 

1 

0.180 


1.96 

Ferrous carbonate 

0.330 

<50 

10 

1.125 


8.18 

Ferrous carbonate 

0.330 

>50 

3 

0.940 


6.84 

Ferrous chloride . , 

0.132-0.198 

<50 

4 

1.420 


20.70 

Ferrous chloride . , 

0.132-0.198 

>50 

3 

1.000 


14.50 

Ferrous gluconate 

0.108 

<50 

1 

1.550 

38 

37.50 

Ferrous gluconate 

0.108 

>50 

5 

1.230 

29 

29.00 

Ferrous gluconate 

0.216 

>50 

2 

1.240 

18 

17.25 


* 14.S grams = 100 per cent hemoglobin. 


tients whose initial hemoglobin readings were 
below 7.25 grams are rare; in Fullerton’s study 
initial hemoglobin values below 50 per cent were 
usual. In comparing the effect of the various 
iron salts it is important to note that all the pa- 
tients receiving ferrous gluconate orally attained 
hemoglobin values greater than 11.6 grams or 80 
per cent, while in Fullerton’s series 9 of the 15 
patients treated with ferrous sulphate and 2 of the 
3 taking ferrous carbonate for whom data is given 
failed to reach such a level. 

Since Barkan’s (11) and Meulengracht’s (12) 
reports, most clinicians feel that large doses of 
iron are essential in treating hypochromic anemia 
(13, 14, 15, 3, 16). Whipple and Robscheit- 
Robbins (17), working with standard anemic 
dogs, emphasize the fact that the particular type 
of iron is unimportant as long as it is given in 
large doses. However, Fiirth and Scholl (IS) 
found that ferrous salts are much more easily ab- 
sorbed from intestinal loops of rabbits than ferric 
compounds and most workers who advocate large 
doses of iron admit that ferrous salts are more 
efficiently utilized in patients (14, 3). Bethell, 
Goldhamer, Isaacs and Sturgis (19) feel the same 
about soluble iron salts. The results of most 
studies show, however, that large doses of iron 
may not produce a normal blood count for a con- 
siderable time (15) and occasionally rather small 
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cent. It is obviously unfair to include Patient 6 
in this 'series as the rapid rise in her hemoglobin 
following the acute hemorrhage is certainly not 
due to medication entirely. Patient 2 whose ini- 
tial hemoglobin before oral therapy w'as started 
was 10.2 grams and Patient 10 who subsequently 
demonstrated a maturativc deficiency probably 
should not be considered in this calculation. If 
the last two patients are included, the average 
daily gain of hemoglobin for the group is 0.173 
gram or 1.19 per cent; if these two cases are ex- 
cluded, the average daily gain of hemoglobin is 
0.191 gram or 1.32 per cent. Patient 7, the only 
one in the series whose initial hemoglobin was 
less than 7.25 grams before oral therapy was 
started, had a daily hemoglobin gain of 0.225 
gram or 1.55 per cent.® 

The percentage utilization of iron was calcu- 
lated by multiplying the total gain in grams of 
hemoglobin per cubic centimeter for each patient 
by 5000, the approximate adult blood volume, and 
by 0.0033, the approximate percentage of iron in 
hemoglobin, and the result obtained was divided 
by the total amount of iron given the patient. 
The percentage utilization in the 4 patients who 
received intramuscular ferrous gluconate calcu- 
lated in this manner was well over 100 per cent, 
actually averaging 148 per cent. This is in keep- 
ing with the findings of Heath, Strauss and Castle 
(4) and of Whipple and Robscheit-Robbins (5). 
Whether this is due to the erroneous assumption 
of blood volume as the former authors suggest or 
to a salt effect on iron stored in the body as the 
latter workers state cannot be determined by our 
experiments. The percentage utilization of iron 
in the patients receiving ferrous gluconate by 
mouth averaged 27.2. If the three patients ex- 
cluded from the final calculations of the daily 
hemoglobin increase are likewise omitted from 
this determination the utilization for oral admin- 
istration of ferrous gluconate in doses ranging 
from 0.108 to 0.216 mgm. of iron daily is 28.5 
per cent. 

The problem of toxicity remains to be consid- 

2 After these cases were compiled, a patient was stud- 
ied who had an initial hemoglobin of 5.7 grams or 39 per 
cent and was given daily doses of ferrous gluconate con- 
taining 324 mgm. Fe. In 11 days her hemoglobin rose to 
11.6 grams or 80 per cent, a daily gain of 0.54 gram or 
3.7 per cent. 


cred. It is difficult to obtain objective evidence of 
intolerance to iron therapy. The following case, 
for example, which Dr. William Murphy of Bos- 
ton kindly permits us to cite, illustrates an expe- 
rience which is occasionally encountered. The 
patient had suffered from gastric and intestinal 
disturbances characterized by nausea, constipation 
and resulting hemorrhoids following the admin- 
istration of various fonns of iron. She also suf- 
fered from rectal irritation associated with noc- 
turia, frequency and burning on urination. After 
taking 0.3 gram of ferrous gluconate three times 
a day, these symptoms were all produced but to a 
less degree than with other forms of iron which 
she tried. Dr. Murphy writes, “ I am sure that 
she could take short courses Avith this form of 
iron with less difficulty than any of 'those Avhich I 
have previously tried, — and I think it would be 
well for her to have these capsules for periodic use 
if it is possible to obtain them.” 

While this case is not very striking, a second 
patient offered a better means of studying the rela- 
tive toxicity of ferrous gluconate. The patient in 
question was recovering from a Caesarian delivery 
and her obstetrician hesitated to give her iron for 
a slight anemia because she had suffered from 
gastro-intestinal distress and urticaria when she 
had received iron previously. At one time an in- 
jection of some iron compound had produced in- 
tense urticaria. When seen 17 days after her 
operation she had a red blood cell count of 3,600,- 
000 and a hemoglobin of 11.7 grams or 80 per 
cent. She was not treated at the time but one and 
one-half months after discharge from the hospital 
she was given ferrous gluconate in increasing 
doses until she received 0.9 gram daily containing 
108 mgm. of iron with no ill effects. She Avas 
then given 35 mgm. of iron in the form of ferrous 
sulphate and within a few hours suffered a violent 
gastro-intestinal upset. To determine the effect 
of the intramuscular injection of ferrous gli^ 
conate, she was given 0.45 cc. of a solution con 
taining 25 mgm. of iron per cc. in her left gluten 
muscle. For a few hours she had some- SAvelling 
and soreness but no general reaction and the next 
morning the local region Avas practically norma • 
At least two patients in this series Avho suffers 
no ill effects when taking ferrous gluconate m 
quantities containing 216 mgm. of iron per day, 
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complained of indigestion charaeterized by ano- 
rexia, gas and epigastric distress or of constipa- 
tion when receiving ferrous sulphate in quantities 
containing from 180 to 249 mgm. of iron per day. 

DISCUSSION 

To evaluate the efficacy of ferrous gluconate, a 
comparison with results obtained with various iron 
compounds by other workers is necessary. How- 
ever, it must be remembered that the experimental 
conditions may not be the same in any two studies. 
For example, Reimann and Fritsch (6) using fer- 
rous chloride in doses which contained 100 mgm. 
of iron a day demonstrated remarkable utilization 
of the iron, ranging from 17 to 45 per cent. 
However, all their patients had other forms of iron 
until a few days before the ferrous chloride was 
started and some demonstrated excellent reticulo- 
cyte responses with these other iron compounds 
which were supposed to give no appreciable hemo- 
globin increase. It is obvious that the action of 
the alleged inactive iron salts cannot be disre- 
garded in the final computations. In fact, these 
authors concluded that all ferrous compounds 
have approximately the same effect. It is also 
contrary to the experience of all other workers 
that large doses ‘of ferric salts are ineffective in 
hypochromic anemia as Reimann and Fritsch as- 
sert. Schulten (7) found that ferrous chloride 
had to be given in much larger doses and saw no 
distinct advantage in this iron compound. David- 
son (8) reported excellent results with ferrous 
chloride in doses containing 122 mgm. of iron a 
day but only 2 of his 7 patients attained 80 per 
cent hemoglobin. Witts (9) gives as the mini- 
mum effective daily dose of ferrous carbonate, an 
amount containing 300 mgm. of iron. Probably 
the best comparison of the efficacy of various iron 
compounds has been made by Fullerton (10). 
Table II represents a summary of his results com- 
pared with those obtained by oral administration 
of ferrous gluconate. Only those cases are in- 
cluded in which it seems reasonably certain that 
there are no factors which either interfere with 
or accentuate the iron effect. This control neces- 
sarily makes the available cases few. It is also 
important to compare separately the results in 
patients whose initial hemoglobin values were be- 
low and above 50 per cent. In our series, pa- 


TABLE II 

Relative efficacy of various iron compounds * 


Compound 

used 

Daily iron 
dosage 

Initial 

hemo- 

globin 

Num- 

ber 

of 

cases 

Aver- 

age 

daily 

hemo- 

globin 

rise 

Average 

time 

before 

hemo- 

globin 

rise 

Uti- 

liza- 

tion 

of 

iron 


grams 

per 

cent 


per 

cent 

days 

per 

cent 

Ferrous sulfate. . . . 

0.180 

<50 

12 

1.175 

30 

15.70 

Ferrous sulfate. . . . 

0.120 

>50 

3 

0.650 

33 

13.00 

Iron ammonium 







citrate 

1.215 

<50 

30 

1.270 


2.50 

Iron ammonium 







citrate 

1.2 IS 

>50 

3 

1.030 


2.03 

Ferrous carbonate 

0.110 

<50 

6 

0.955 


20.80 

Ferrous carbonate 

0.110 

>50 

3 

0.520 


11.30 

Ferrous carbonate 

0.220 

<50 

8 

0.803 


8.80 

Ferrous carbonate 

0.220 

>50 

1 

0.180 


1.96 

Ferrous carbonate 

0.330 

<50 

10 

1.125 


8.18 

Ferrous carbonate 

0.330 

>50 

3 

0.940 


6.84 

Ferrous chloride . . 

0.132-0.198 

<50 

4 

1.420 


20.70 

Ferrous chloride . . 

0.132-0.198 

>50 

3 

1.000 


14.50 

Ferrous gluconate 

0.108 

<50 

1 

1.550 

38 

37.50 

Ferrous gluconate 

0.108 

>50 

5 

1.230 

29 

29.00 

Ferrous gluconate 

0.216 

>50 

2 

1.240 

18 

17.25 


* 14.5 grams = 100 per cent hemoglobin. 


tients whose initial hemoglobin readings were 
below 7.25 grams are rare; in Fullerton’s study 
initial hemoglobin values below 50 per cent were 
usual. In comparing the effect of the various 
iron salts it is important to note that all the pa- 
tients receiving ferrous gluconate orally attained 
hemoglobin values greater than 11.6 grams or 80 
per cent, while in Fullerton’s series 9 of the 15 
patients treated with ferrous sulphate and 2 of the 
3 taking ferrous carbonate for whom data is given 
failed to reach such a level. 

Since Barkan’s (11) and Meulengracht’s (12) 
reports, most clinicians feel that large doses of 
iron are essential in treating hypochromic anemia 
(13, 14, 15, 3, 16). Whipple and Robscheit- 
Robbins (17), working with standard anemic 
dogs, emphasize the fact that the particular type 
of iron is unimportant as long as it is given in 
large doses. However, Furth and Scholl (18) 
found that ferrous salts are much more easily ab- 
sorbed from intestinal loops of rabbits than ferric 
compounds and most workers who advocate large 
doses of iron admit that ferrous salts are more 
efficiently utilized in patients (14, 3). Bethell, 
Goldhamer, Isaacs and Sturgis (19) feel the same 
about soluble iron salts. The results of most 
studies show, however, that large doses of iron 
may not produce a normal blood count for a con- 
siderable time (15) and occasionally rather small 
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cent. It is obviously unfair to include Patient 6 
in this 'series as the rapid rise in her hemoglobin 
following the acute hemorrhage is certainly not 
due to medication entirely. Patient 2 whose ini- 
tial hemoglobin before oral therapy was started 
was 10.2 grams and Patient 10 who subsequently 
demonsti'ated a maturative deficiency probably 
should not be considered in this calculation. If 
the last two patients are included, the average 
daily gain of hemoglobin for the group is 0.173 
gram or 1,19 per cent; if these two cases are ex- 
cluded, the average daily gain of hemoglobin is 
0.191 gram or 1.32 per cent. Patient 7, the only 
one in the series whose initial hemoglobin was 
less than 7.25 grams before oral therapy was 
started, had a dail}^ hemoglobin gain of 0.225 
gram or 1.55 per cent.^ 

The percentage utilization of iron was calcu- 
lated by multiplying the total gain in grams of 
hemoglobin per cubic centimeter for each patient 
by 5000, the approximate adult blood volume, and 
by 0.0033, the approximate percentage of iron in 
hemoglobin, and the result obtained was divided 
by the total amount of iron given the patient. 
The percentage utilization in the 4 patients who 
received intramuscular ferrous gluconate calcu- 
lated in this manner was well over 100 per cent, 
actually averaging 148 per cent. This is in keep- 
ing with the findings of Heath, Strauss and Castle 
(4) and of Whipple and Robscheit-Robbins (5). 
Whether this is due to the erroneous assumption 
of blood volume as the former authors suggest or 
to a salt effect on iron stored in the body as the 
latter workers state cannot be determined by our 
experiments. The percentage utilization of iron 
in the patients receiving ferrous gluconate by 
mouth averaged 27.2. If the three patients ex- 
cluded from the final calculations of the daily 
hemoglobin increase are likewise omitted from 
this determination the utilization for oral admin- 
istration of ferrous gluconate in doses ranging 
from 0.108 to 0.216 mgm. of iron daily is 28.5 
per cent. 

The problem of toxicity remains to be consid- 

2 After these cases were compiled, a patient was stud- 
ied who had an initial hemoglobin of 5.7 grams or 39 per 
cent and was given daily doses of ferrous gluconate con- 
taining 324 mgm. Fe. In II days her hemoglobin rose to 
11.6 grams or 80 per cent, a daily gain of 0.54 gram or 
3.7 per cent. 


cred. It is difficult to obtain objective evidence of 
intolerance to iron therapy. The following case, 
for example, which Dr. William Murphy of Bos- 
ton kindly permits us to cite, illustrates an expe- 
rience which is occasionally encountered. The 
patient had suffered from gastric and intestinal 
disturbances characterized by nausea, constipation 
and resulting hemorrhoids following the admin- 
istration of various forms of iron. She also suf- 
fered from rectal irritation associated with noc- 
turia, frequency and burning on urination. After 
taking 0.3 gram of ferrous gluconate three times 
a day, these symptoms were all produced but to a 
less degree than with other forms of iron which 
she tried. Dr. Murphy writes, “ I am sure that 
she could take short courses with this form of 
iron with less difficulty than any of 'those which I 
have 2 )i‘eviously tried, — ^and I think it would be 
well for her to have these capsules for periodic use 
if it is possible to obtain them.” 

While this case is not veiy striking, a second 
patient offered a better means of studying the rela- 
tive toxicity of ferrous gluconate. The patient in 
question was recovering from a Caesarian delivery 
and her obstetrician hesitated to give her iron for 
a slight anemia because she had suffered from 
gastro-intestinal distress and urticaria when she 
had received iron previously. At one time an in- 
jection of some iron compound had produced in- 
tense urticaria. When seen 17 days after her 
operation she had a red blood cell count of 3,600,- 
000 and a hemoglobin of 11.7 grams or 80 per 
cent. She was not treated at the time but one and 
one-half months after discharge from the hospital 
she was given ferrous gluconate in increasing 
doses until she received 0.9 gram daily containing 
108 mgm. of iron with no ill effects. She was 
then given 35 mgm. of iron in the form of ferrous 
sulphate and within a few hours suffered a violent 
gastro-intestinal upset. To determine the effect 
of the intramuscular injection of ferrous glu- 
conate, she was given 0.45 cc. of a solution con 
taining 25 mgm. of iron per cc. in her left glutea 
muscle. For a few hours she had some' swelling 
and soreness but no general reaction and the next 
morning the local region was practically norma . 

At least two patients in this series who suffers 
no ill effects when taking ferrous gluconate m 
quantities containing 216 mgm. of iron per day^ 
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The concentration of rheumatic fever in cer- 
tain families, particularly the frequent occurrence 
of multiple cases in the same household, has long 
been recognized. The reported familial incidence 
of rheumatic fever, based on clinical studies, 
ranges from 15 to 58 per cent. Three factors 
have been implicated in the observed familial 
incidence of this disease. First, common en- 
vironmental conditions; second, communicability; 
and third, susceptibility, probably on an hereditary 
basis. Up to the present time, conclusive evi- 
dence establishing any one or all of these hy- 
potheses has not been presented. 

It is believed that rheumatic fever has its high- 
est incidence in urban populations of the north 
temperate zone. It also occurs in other sections 
of the world, particularly in localities where there 
are wide fluctuations in temperature. The dis- 
ease appears to be more prevalent among the 
poorer classes of society, although not necessarily 
the poorest. The existence of unfavorable en- 
vironmental conditions such as overcrowding, in- 
sufficient food and clothing, and frequent respira- 
tory infections, are believed to be influential fac- 
tors in the high familial incidence of the disease 
among the children of the poor. It does not, 
however, explain satisfactorily the occurrence of 
this disease in families of the well-to-do (1, 2, 3, 
4, 5). 

The simultaneous occurrence of rheumatic 
fever in several members of a family group has 
been reported. Epidemics of rheumatic fever 
have been described in barracks, boarding schools, 
convalescent homes, and hospital wards. These 
observations suggest that rheumatic fever may 
spread by intimate contact. It is generally be- 

1 Presented before the Cornell Research Society, March 
8, 1937. 

- This study was conducted under a special grant from 
the Commonwealth Fund. 


lieved that rheumatic fever is an infection ex- 
hibiting a low degree of contagiousness, in that 
not every exposed person contracts the disease. 
Paul (1) suggests that the disease spreads from 
one member of the household to another during, 
and in association with, respiratory infections. 

Recently, emphasis is being placed by many ob- 
servers on a peculiar susceptibility of the host to 
the disease. The identification of the susceptible 
or resistant individual is not possible by any 
known serological or cutaneous tests. Irvine- 
Jones (6) states that simultaneous attacks may be 
explained “ by some nonspecific but infective 
agent attacking several people of like ‘ rheumatic ’ 
constitution.” Draper (7) has suggested that 
rheumatic susceptibility may be a sex-linked char- 
acter. It is of interest to note that Cheadle (8), 
in 1889, pointed out and emphasized that the 
tendency to rheumatism is transmitted, and many 
later observers have studied the hereditary trans- 
mission of the disease. A review of the litera- 
ture, however, does not disclose adequate genetic 
analysis of sufficient data in conclusive support of 
this conception (9, 10). 

The opportunity of observing a large number 
of rheumatic families over a period of years 
offered data which seemed suitable for an ap- 
praisal of the role of environment, contagion and 
heredity in their relation to the observed familial 
incidence of the disease. Material selected for 
study comprised 112 rheumatic families from the 
Children’s Cardiac Clinic. Selection was based 
solely on residence in the lower and upper west 
and east sides of New York City, districts which 
could be adequately covered by two trained work- 
ers. These families, comprising 468 children 
over three years of age, equally diwded as to sex, 
were under our obseivation from 3 to 18 years, 
an average of 9 years. 

During the years 1933 to 1937, tlie homes were 
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doses of iron will cause surprising improvement 

( 20 ). 

The real problem of iron therapy is not the the- 
oretical utilization of iron, or the reticulocyte re- 
sponse, or even the daily increase of hemoglobin 
for any particular period of treatment. These 
are important only as the}'^ indicate the return of 
the patients’ blood to normal in a reasonably short 
time without undue inconvenience. ]\'Iost patients 
suffering from hypochromic anemia respond well 
to most forms of iron when administered in ade- 
quate dosage. For the patients who cannot tol- 
erate the usual iron compounds, it is important to 
have a medication which is effective and which 
causes minimum disturbance. For all patients in 
need of iron it is desirable to use a compound 
which gives good results with the least discomfort. 
Ferrous gluconate seems to be such a medicament. 

CONCLUSIONS 

1. Ferrous gluconate prepared in the absence of 
oxygen has been used in the treatment of 13 pa- 
tients suffering from hypochromic anemia. 

2. The use of ferrous gluconate compared with 
other iron preparations results in satisfactory 
reticulocyte responses, a high percentage utiliza- 
tion of iron, and such daily increase in hemoglobin 
that a normal level occurs in a reasonably short 
time. 

3. Four patients, who showed toxic reactions to 
other iron compounds, were able to take ferrous 
gluconate without any undue distress. 

4. In the patients who received ferrous glu- 
conate intramuscularly up to the present no sys- 
temic and only rare and mild local reactions oc- 
curred. However, in view of the efficacy of the 
oral administration of ferrous gluconate and its 
lack of toxicity there is seldom any reason for its 
parenteral administration. 
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TABLE I 

Age and sex disln'bulion of siblings in 112 families 



Under * 
3 years 

SiblinRS 

Sex distribution 

m 

u 

la 



4 to 6 years 

7 to IS years 
and over 

Total 

sibliui’.s 

Rlieum.'itic 

BlidinRs 

o 

H 

t3 

CJ 

o 

Q 

C 

*> 

3 I 

Rheu- 

matic 

Nor- 

mal 

Rheu- 

matic 

Nor- 

mal 

i 

M. 

F. 

M. 

F. 

509 

19 

22 

8 

43 

1 219 

198 

1 

240 

228 

104 

123 


1 

1 

Total 468 

Total rheumatics 227 

1 

51 

per 

cent 

49 

per 

cent 

46 

per 

cent 

54 
per 
! cent 


under very close observation; visits were made 
weekly or semi-monthly. A family record was 
kept of the onset and termination of every illness 
of each member of the household, including all 
respiratory infections. The environmental con- 
ditions in the homes were noted, i.e,, available 
budget, size of the family, number of rooms, 
light, heat, dampness, food habits, clothing, and 
maternal care. With few exceptions, physical 
and fluoroscopic examinations were made of eveiy 
member of the family at the Clinic.'* In some in- 
stances, death certificates, hospital records and 
statements from physicians were accepted. An 
historical pedigree of each family was obtained 
as accurately as was possible. The diagnosis of 
rheumatic fever, active or inactive, and of rheu- 
matic heart disease, was made according to the 
criteria of the Heart Committee of the New York 
Tuberculosis and Health Association, Inc. (11). 

The family was taken as the unit for study and 
a graphic record was kept for each family (Fig- 
ure 2), similar to that used by MePhedran and 
Opie (12) in their studies on tuberculosis in 
families. 

Environmental factors in their relation to the 
familial incidence of rheumatic fever 

The families studied were of varying economic 
levels — ranging from dire poverty to middle class 
comfort. Rheumatic families from the higher in- 
come brackets were not represented in this series. 

3 We wish to acknowledge our indebtedness to Dr. E. 
Ingerman, Dr. R. O. DuBois, Dr. B. McL. Spock, Dr. 
Betty Huse, C. Lingg, R. Johnstone, L. Ward, and E. 
Colt for their cooperation in these studies. 


The wage earners in 77 per cent of the families 
were unskilled laborers; in 23 per cent of the 
families tlicy were white collar workers. 

From close observation of the existing home 
conditions it was determined that in about one- 
third of the families, Group 1, there was an ade- 
quate budget, food was sufficient in quantity and 
well balanced, rooms were dry and sunny, clothing 
was ample and maternal care sensible. In the re- 
maining two-thirds, comprising Groups 2, 3, and 
4, certain conditions were observed which could 
be considered as possible predisposing factors to 
the disease. In Group 2 (13 per cent), rooms 
were dark and damp, and clothing was inadequate. 
In Group 3 (30 per cent), the food was insuffi- 
cient in quantity and poorly balanced. In Group 
4 (24 per cent), rooms were dark and damp, 
clothing was inadequate, food was insufficient in 
quantity and poorly balanced, and maternal care 
was poor, 

A comparative analysis of the incidence of 
rheumatic siblings in these four environmental 
groupings, reveals them to be remarkably com- 
parable. In Group 1, the incidence was 53 per 
cent ; in Group 2, it was 45 per cent ; in Group 3, . 
it was 38 per cent ; in Group 4, it was 54 per cent. 

These findings parallel those reported from the 
London Hospitals (4), namely, that incidence of 
rheumatic siblings in Class A (comparable to 
Group 1) was 16 per cent; in Class B (com- 


TABLE II 

Relation of environment to incidence of rheumatic fever in 
families * 







Environmental groupsf 



Total 
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Parental 

groupings 

families 

Group 1 

Group 2 

Group 3 

Group 4 


Num-: 

1 

Per 

Num- 

Per 

Num- 

Per 

Num- 

Per 

Num- 

per 

cent 


ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

ber 

Parents — . 

57 

too 

17 i 

30 

9 

15.7 

IS i 

31.5 

13 

22.8 

22.0 

26.6 

Mother -f. 

36 

too 

15 

42 

3 

8.3 

10 

27.7 

B 

Father -f . . 

IS 

too 

3 

20 

3 

20.0 

5 

33.3 

4 

M -f and 

1 








' 

so.o 

F -h 

4 

100 

2 

50 







112 

100 

37 

33 

15 

13.4 

33 

29.4 

27 

24.1 









* Social economic status: Unskilled labor 77 per ce • 
White collar 23 per cent. 

t Environmental Groups: , , 

1 : Adequate budget, food sufficient and well balanced, r 
sunny rooms, ample clothing, sensible maternal car 
2: Rooms dark and damp, clothing inadequate. 

3: Insufficient food, poorly balanced. , _ . . 

4: Rooms dark and damp, clothing inadequate, jnsutnci 
food, poorly balanced, maternal care poor. 
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TABLE in 

Incidence of rheumatic siblings in relation to environment 
and heredity 


Environmental etatiis 


Parental ber 

group of 


Total _ ,, 

num* Favorable 


Unfavorable 


fam- Group 1 Group 2 Group 3 Group 4 
Uics 

T.S. R.S. T.S.| R.S. T.E.| R.8. T.S.I R.S. 


Parenla-... 57 70 29 41.4 30 11 36.G 77 28 30.3 03 25 39.0 

Mother '+... 30 51 34 00.0 10 4 40.0 43 10 37.2 43 29 07.4 

Father +.... 15 20 10 50.0 7 0 85.7 10 8 50.0 20 14 70.0 

M+andF+ 4 7 0 85.7 11 7 03.0 


Total^ 

positive 

families. . . 65 78 50 61.1 17 10 58.8 59 21 40.6 74 SO 67.5 

Total 

families. . . 112 148 79 53.3 47 21 44.6 136 52 38.2 137 75 54.0 


T. S,; 320 n. S.: 148 (46.2 per cent) 


Key: 

T. S.: Total siblings. 

R. S.: Rheumatic siblings. 

(+): Rheumatic, or positive. 

(— ): Non-rheumatic, or negative. 

Pos. Fam.: Positive families, includes mother -f, father 
-f or both parents -f-. 


ENVKOmBNr H£/S£D/Tr 



Fig. 1. iNaoENCE of Rheumatic Siblings in Rela- 


tion TO Environment and Heredity 


the same environmental group but of rheumatic 
parents. Similarly, in Group 4, where unfavor- 
able environmental conditions were present, the 
incidence was 39 per cent, compared with 67 per 
cent. A comparative analysis of the incidence of 
rheumatic siblings in relation to environment and 
to parental rheumatism in families of only four or 
five siblings, showed a similar trend. 


parable to Groups 2 and 3), it was 12 per cent; 
and in Class C (comparable to Group 4), it was 
10 per cent. 

If the conditions concomitant with dire poverty 
were the determining factors influencing the fa- 
milial incidence of the disease, one might have 
expected the highest incidence in Group 4 (our 
series) and Class C (London Hospitals). 

It is apparent from these observations that 
within the economic level represented by these 
families (which excludes families of the well- 
to-do), there was no direct relation between the 
incidence of rheumatic siblings and the environ- 
mental status. 

A comparison of the incidence of rheumatic 
siblings in the various environmental classes, in 
relation to the presence of positive (rheumatic) 
parents, indicates that the incidence of rheumatic 
siblings is greater in each series with parental 
rheumatism (Figure 1). In Group 1, for exam- 
ple, where environmental conditions were favor- 
able, the incidence of rheumatic siblings of nega- 
tive (non-rheumatic) parents was 41 per cent, as 
compared with an incidence of 64 per cent within 


Comment 

In view of the high incidence of rheumatic 
fever among under-privileged children and the 
low incidence among children of the well-to-do, 
it might be expected that the familial incidence of 
the disease would be in direct relation to the type 
of environment. The data presented, however, 
reveals the incidence of rheumatic fever to be 
comparable in the various environmental groups 
studied. Comparative data on the familial inci- 
dence of rheumatic fever among rheumatic fam- 
ilies of a higher economic level were not available 
for comparison. Should such studies reveal a 
low familial incidence it would indicate that some 
common environmental factor was operative in 
families of lower economic levels. 

It is recognized, however, that unfavorable en- 
vironmental conditions tend to increase the inci- 
dence of any infection. It cannot, therefore, be 
concluded that unfavorable enwronmcntal condi- 
tions are not contributing factors in this disease. 
However, the data presented would indicate that 
unfavorable emnronmental conditions are not tiie 
determining factor responsible for the observed 
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TARLE I 

Age and sex distribution of siblings in 112 families 
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under very close observation; visits were made 
weekly or semi-montbly. A family record was 
kept of the onset and termination of every illness 
of each member of the household, including all 
respiratory infections. The environmental con- 
ditions in the homes were noted, i.e., available 
budget, size of the family, number of rooms, 
light, heat, dampness, food habits, clothing, and 
maternal care. With few exceptions, physical 
and fluoroscopic examinations were made of eveiy 
member of the family at the Clinic.^ In some in- 
stances, death certificates, hospital records and 
statements from physicians were accepted. An 
historical pedigree of each family was obtained 
as accurately as was possible. The diagnosis of 
rheumatic fever, active or inactive, and of rheu- 
matic heart disease, was made according to the 
criteria of the Heart Committee of the New York 
Tuberculosis and Health Association, Inc. (11). 

The family was taken as the unit for study and 
a graphic record was kept for each family (Fig- 
ure 2), similar to that used by MePhedran and 
Opie (12) in their studies on tuberculosis in 
families. 

Environmental factors in their relation to the 
familial incidence of rheumatic fever 

The families studied were of varying economic 
levels — ranging from dire poverty to middle class 
comfort. Rheumatic families from the higher in- 
come brackets were not represented in this series. 

3 We wish to acknowledge our indebtedness to Dr. E. 
Ingerman, Dr. R. O. DuBois, Dr. B. McL. Spock, Dr. 
Betty Huse, C. Lingg, R. Johnstone, L. Ward, and E. 
Colt for their cooperation in these studies. 


The wage earners in 77 per cent of tlie families 
were unskilled laborers; in 23 per cent of the 
families they were white collar workers. 

From close observation of the existing home 
conditions it was determined that in about one- 
third of the families. Group 1, there was an ade- 
quate budget, food was sufficient in quantity and 
well balanced, rooms were dry and sunny, clothing 
was ample and maternal care sensible. In the re- 
maining two-thirds, comprising Groups 2, 3, and 
4, certain conditions were observed which could 
be considered as possible predisposing factors to 
the disease. In Group 2 (13 per cent), rooms 
were dark and damp, and clothing was inadequate. 
In Group 3 (30 per cent), the food was insuffi- 
cient in quantity and poorly balanced. In Group 
4 (24 per cent), rooms were dark and damp, 
clothing was inadequate, food was insufficient in 
quantity and poorly balanced, and maternal care 
was poor. 

A comparative analysis of the incidence of 
rheumatic siblings in these four environmental 
groupings, reveals them to be remarkably com- 
parable. In Group 1, the incidence was 53 per 
cent ; in Group 2, it was 45 per cent ; in Group 3, 
it was 38 per cent ; in Group 4, it was 54 per cent. 

These findings parallel those reported from the 
London Hospitals (4), namely, that incidence of 
rheumatic siblings in Class A (comparable to 
Group 1) was 16 per cent; in Class B (com- 


TABLE II 

Relation of environment to incidence of rheumatic fever in 112 
families * 
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Group 1 
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Total 
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100 

37 

33 

IS 
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* Social economic status: Unskilled labor 77 per cen . 
White collar 23 per cent. 

t Environmental Groups: , , 

1 : Adequate budget, food sufficient and well balanced, o y 
sunny rooms, ample clothing, sensible maternal ca 
2: Rooms dark and damp, clothing inadequate. 

3: Insufficient food, poorly balanced. . „ . . 

4: Rooms dark and damp, clothing inadequate, insulnci 
food, poorly balanced, maternal care poor. 
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TABLE III 

Incidence of rhcumalic siblings in relation to environment 
and heredity 
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54.0 
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R, 6.: 148 (46.2 per cent) 


Key: 

T. S.: Total siblings. 

R. S.: Rheumatic siblings. 

(+): Rheumatic, or positive. 

(— ); Non-rheumatic, or negative. 

Pos. Fam.: Positive families, includes mother -f, father 
-p or both parents +. 
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Fic. 1. iNaoENCE OF Rheumatic Siblings in Rela- 
tion TO Environment and Heredity 


the same environmental group but of rheumatic 
parents. Similarly, in Group 4, where unfavor- 
able environmental conditions were present, the 
incidence was 39 per cent, compared with 67 per 
cent. A comparative analysis of the incidence of 
rheumatic siblings in relation to environment and 
to parental rheumatism in families of only four or 
five siblings, showed a similar trend. 


parable to Groups 2 and 3), it was 12 per cent; 
and in Class C (comparable to Group 4), it was 
10 per cent. 

If the conditions concomitant with dire poverty 
were the determining factors influencing the fa- 
milial incidence of the disease, one might have 
expected the highest incidence in Group 4 (our 
series) and Class C (London Hospitals). 

It is apparent from these observations that 
within the economic level represented by these 
families (which excludes families of the well- 
to-do), there was no direct relation between the 
incidence of rheumatic siblings and the environ- 
mental status. 

A comparison of the incidence of rheumatic 
siblings in the various environmental classes, in 
relation to the presence of positive (rheumatic) 
parents, indicates that the incidence of rheumatic 
siblings is greater in each series with parental 
rheumatism (Figure 1). In Group 1, for exam- 
ple, where environmental conditions were favor- 
able, the incidence of rheumatic siblings of nega- 
tive (non-rheumatic) parents was 41 per cent, as 
compared with an incidence of 64 per cent within 


Comment 

In view of the high incidence of rheumatic 
fever among under-privileged children and the 
low incidence among children of the well-to-do, 
it might be expected that the familial incidence of 
the disease would be in direct relation to the type 
of environment. The data presented, however, 
reveals the incidence of rheumatic fever to be 
comparable in the various environmental groups 
studied. Comparative data on the familial inci- 
dence of rheumatic fever among rheumatic fam- 
ilies of a higher economic level were not available 
for comparison. Should such studies reveal a 
low familial incidence it would indicate that some 
common environmental factor was operative in 
families of lower economic levels. 

It is recognized, however, that unfavorable en- 
vironmental conditions tend to increase the inci- 
dence of any infection. It cannot, therefore, be 
concluded that unfavorable envn'ronmental condi- 
tions are not contributing factors in this disease. 
However, the data presented would indicate that 
unfavorable environmental conditions are not the 
determining factor responsible for the obsen'ed 
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familial incidence of the disease in this group. 
The significant increased incidence of rheumatic 
siblings that was observed in the series with pa- 
rental rheumatism compared with the offspring of 
negative parents, admits of two interpretations: 
either that the parents may have been a source of 
exposure, or that heredity may be an important 
factor. 

Communicahility of rhcumalic fever in its rela- 
tion to the familial incidence of the disease 

If rheumatic fever is an infection which may 
be conveyed by contagion, its incidence to various 
types and sources of exposure may be determined. 
The method of procedure which seemed suitable 
for obtaining this information is similar to that 
used by Opie et al. in their studies on the spread 
of tuberculosis in families (12). 

The family graph included the record of every 
member of the household starting from the year 
of birth of the oldest sibling through the year 
1935. The average period of observation of 
these families was 9 years — ranging from 3 to 
18 years. The onset and recurrence of rheumatic 
episodes (joint pains, polyarthritis, chorea, cardi- 
tis and nodules) were recorded for every indi- 
vidual for each calendar year. Parental rheu- 
matic activity occurring before the birth of the 
first sibling was not tabulated. 

The biometric method utilized for the analysis 
was the “ person year ” method, that is, the unit 
was one person observed for one year. 

To test the theory that rheumatic fever may be 
spread in families living in dose contact, certain 
possible methods of spread were analyzed. 

1. A rheumatic member of a family experienc- 
ing manifestations of rheumatic activity in any 
part of the calendar year might constitute a source 
of exposure to the rest of the household. This 
was arbitrarily termed a person year of "active 
exposure.” (It may be argued that this method 
of analysis is not valid for the reason that con- 
tagiousness may exist only during the period of 
a preceding event such as a respiratory infection, 
the “primary phase” described by Coburn (13). 
However, since the person year unit would neces- 
sarily represent all rheumatic activity preceded by 
respiratory infections, it actually serves as a basis 
of estimating contagiousness no matter in what 
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Graph “V” 


Fig. 2, Fa.milv Graph, "V” and "L” 


Includes mother and father and S siblings. Parents 
negative although there was a history of rheumatism on 
maternal side (mother’s sister had rheumatic heart dis- 
ease). 

Sibling 1 had a total of 16 person years, during 13 of 
which there was no exposure in the family. For 3 years 
there was “ active exposure ” to Sibling 3, with no result- 
ing activity. 


Sibling 2 had a total of 14 person years, of which 10 
years were years of “extra-familial exposure” and 4 
were years of “ active exposure ” (3 years to Sibling 3 
and 1 year to both Sibling 3 and Sibling 5) with no re- 
sulting activity. 

Sibling 3 (Primary rheumatic in family — onset 1932) 
had a total of 10 person years, of which 9 were years of 
no exposure within the family. Patient manifested rheu- 
matic activity after 6 years of " extra-familial exposure,’ 
resulting in 3 years of rheumatic activity. The 4th year 
of activity was simultaneous with activity in Sibling 5, 


and was considered a year of “active exposure” to 


Sibling 5. 

Sibling 4 had a total of 9 person years, 5 of which 
were years of no familial exposure and 4 were years of 
“ active exposure ” (3 to Sibling 3 and 1 to Siblings 3 


and 5), with no resulting activity. 

Sibling S had a total of 5 person years. There was one 
year of “extra-familial exposure” and 4 years of 
tive exposure ” to Sibling 3. After 3 years of “ active 
exposure ” to Sibling 3, patient developed rheumatic ac- 
tivity during the 4th year of exposure. The manifesta- 
tion was “joint pains” which occurred during the same 
year as carditis and nodules in Sibling 3 (after an inter- 


val of 3 months). 
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Graph "L” 

Fig. 2. Family Graph, “V” and “L” 

Includes positive mother, negative father (whose sister 
had chorea as child), 3 positive siblings and 1 negative 
sibling. Mother had polyarthritis and chorea in child- 
hood. In 1923 and 1928, mother had polyarthritis. For 
two years she was a source of “ active exposure ” to the 
remainder of the family and for 14 years she was a 
source of “ inactive exposure.” 

Sibling 1 had a total of 9 person years, dying of rheu- 
matic carditis in 1930. Person years comprised 2 years 
of “active exposure” and 7 years of “inactive ex- 
posure.” Total of 4 years of activity. Onset of rheu- 
matism was 4 years after “ active exposure ” to mother. 
(Prior to “active exposure,” there was 1 year of “in- 
active exposure” 1922.) Following the year of “active 
exposure” (1923) there were 3 years of “inactive ex- 
posure ” before the onset in 1927. During 1928, activity 
was simultaneous with activity in the mother. 

Sibling 2. Total of 12 person years, of which 6 were 
years of “active exposure” and 6 were years of “in- 
active exposure.” Onset of rheumatism in 1931 was pre- 
ceded by 3 years of “ inactive exposure,” followed by 4 
years of “ active exposure.” Activity occurred one year 
after “active exposure” to Sibling 1 and simultaneously 
with activity in Sibling 3. 

Sibling 3. Total of 10 person years, of which 7 were 
years of “ active exposure ” and 3 of “ inactive exposure.” 
Onset was preceded by 1 year of “inactive exposure” 
and 4 years of ** active exposure,” occurring during si- 
multaneous year of activity in Sibling 2. 

Sibling 4. Total of 4 person years, three of which 
were years of “ active exposure,” resulting in no activity. 
One year was a year of “ inactive exposure,” resulting in 
no activity. 


period of rheumatic activity such contagiousness 
may exist. Respiratory infections occurring .in 
December, with subsequent rheumatic activity in 
January, might conceivably be excluded. Check- 
ing on our data for 79 families for the calendar 
year of 1933 (14), we found only 3 rheumatic 
recurrences out of a total of 139 that would have 
been excluded in this way. If one were to as- 
sume further that every rheumatic episode has its 
contagious phase in a preceding respiratory in- 
fection, our maximum error from this same 
source is but 10 per cent for this year.) 

2. Rheumatic individuals experiencing inter- 
current years of apparent freedom from rheu- 
matic activity, might still be a possible source of 
exposure. Such years were calculated as person 
years of "inactive exposure.” 

3. The primary case in a family may be con- 
sidered to have acquired the disease by casual 
contact outside the family. The years prior to 
the onset of rheumatic activity were arbitrarily 
termed person years of " extra-familial exposure." 

The total person years of “ active ” and “ in- 
active ” exposure, as well as the total person years 
of “extra-familial exposure” in each family, 
were calculated for each member of the house- 
hold. Since rheumatic activity manifests itself 
mainly in childhood (from 4 to 16 years of age), 
the data tabulated for analysis included only per- 
son years of children reaching the ages of 4 to 16 
years. (The application of the method is illus- 
trated in the two family graphs : Figure 2, “ V ” 
and “ L.”) The interval elapsing between ex- 
posure and onset of the disease was calculated 
for both “ active ” and “ inactive ” exposure. 
Where “ inactive exposure ” preceded “ active 
exposure,” both were noted. Individuals having 
simultaneous years of activity were arbitrarily 
considered to have exposed each other. 

It was possible to obtain more accurate data 
on the time relationship between exposure and 
onset of activity by an analysis of the simul- 
taneous years of activity in these families for a 
period of three calendar years, when the dates of 
onset and termination of each rheumatic episode 
were observed and recorded. 

In Table IV is presented a comparative analysis 
of the incidence of rheumatic fever in the 112 
families, in relation to the source and tj-pc of 
exposure. Here it may be seen that for 55 fam- 


558 


MAY G. WILSON AND MORTON D. SCHWEITZER 


familial incidence of the disease in this group. 
The significant increased incidence of rheumatic 
siblings that was observed in the scries witli pa- 
rental rheumatism compared with the offspring of 
negative parents, admits of two interpretations: 
either that the parents may lla^^e been a source of 
exposure, or that heredity may be an important 
factor. 

Commimicability of rhcimaiic fever in its rela- 
tion to the familial incidence of the disease 

If rheumatic fever is an infection wlu'ch may 
be conveyed by contagion, its incidence to various 
types and sources of exposure may be determined. 
The method of procedure which seemed suitable 
for obtaining this information is similar to that 
used by Opie et al. in their studies on the spread 
of tuberculosis in families (12). 

The family graph included the record of every 
member of the household starting from the year 
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of birth of the oldest sibling through the year 
1935. The average period of observation of 
these families was 9 years — ranging from 3 to 
18 years. The onset and recurrence of rheumatic 
episodes (joint pains, polyarthritis, chorea, cardi- 
tis and nodules) were recorded for every indi- 
vidual for each calendar year. Parental rheu- 
matic activity occurring before the birth of the 
first sibling was not tabulated. 

The biometric method utilized for the analysis 
was the “ person year ” method, that is, the unit 
was one person observed for one year. 

To test the theory that rheumatic fever may be 
spread in families living in close contact, certain 
possible methods of spread were analyzed. 

1. A rheumatic member of a family experienc- 
ing manifestations of rheumatic activity in any 
part of the calendar year might constitute a source 
of exposure to the rest of the household. This 
was arbitrarily termed a person year of "‘active 
exposure.” (It may be argued that this method 
of analysis is not valid for the reason that con- 
tagiousness may exist only during the period of 
a preceding event such as a respiratory infection, 
the “primary phase” described by Coburn (13). 
However, since the person year unit would neces- 
sarily represent all rheumatic activity preceded by 
respiratory infections, it actually serves as a basis 
of estimating contagiousness no matter in what 


Fig. 2. Family Graph, “V” and “L" 


Includes mother and father and S siblings. Parents 
negative although there was a history of rheumatism on 
maternal side (mother’s sister had rheumatic heart dis- 
ease). 

Sibling 1 had a total of 16 person years, during 13 of 
which there was no exposure in the family. For 3 years 
there was “ active e,xposure ” to Sibling 3, with no result- 
ing activity. 


Sibling 2 had a total of 14 person years, of which 10 
years were years of “extra-familial exposure’’ and 4 
were years of “ active exposure ’’ (3 years to Sibling 3 
and 1 year to both Sibling 3 and Sibling 5) with no re- 
sulting activity. 

Sibling 3 (Primary rheumatic in family — onset 1932) 
had a total of 10 person years, of which 9 were years of 
no exposure within the family. Patient manifested rheu- 
matic activity after 6 years of “ extra-familial exposure, 
resulting in 3 years of rheumatic activity. The 4th year 
of activity was simultaneous with activity in Sibling 5, 


and was considered a year of “active exposure’’ to 


Sibling 5. 

Sibling 4 had a total of 9 person years, 5 of which 
were years of no familial exposure and 4 were years of 
“active exposure” (3 to Sibling 3 and 1 to Siblings 3 


and 5), with no resulting activity. 

Sibling 5 had a total of 5 person years. There was one 
year of “extra-familial exposure” and 4 years of ac- 
tive exposure” to Sibling 3. After 3 years of “active 
exposure ” to Sibling 3, patient developed rheumatic ac- 
tivity during the 4th year of exposure. The manifesta- 
tion was “joint pains” which occurred during the same 
year as carditis and nodules in Sibling 3 (after an inter- 


val of 3 months). 
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Graph "L” 

Fig. 2. Family Graph, "V” and “L” 

Includes positive mother, negative father (whose sister 
had chorea as child), 3 positive siblings and 1 negative 
sibling. Mother had polyarthritis and chorea in child- 
hood. In 1923 and 1928, mother had polyarthritis. For 
Uvo years she was a source of “ active exposine ” to the 
remainder of the family and for 14 years she was a 
source of “ inactive exposure.” 

Sibling 1 had a total of 9 person years, dying of rheu- 
matic carditis in 1930. Person years comprised 2 years 
of “active exposure” and 7 years of “inactive ex- 
posure.” Total of 4 years of activity. Onset of rheu- 
matism was 4 years after “ active exposure ” to mother. 
(Prior to “active exposure,” there was 1 year of “in- 
active exposure ” 1922.) Following the year of “ active 
exposure” (1923) there were 3 years of “inactive ex- 
posure ” before the onset in 1927. During 1928, activity 
was simultaneous with activity in the mother. 

Sibling 2. Total of 12 person years, of which 6 were 
years of “ active exposure ” and 6 were years of “ in- 
active exposure.” Onset of rheumatism in 1931 was pre- 
ceded by 3 years of “ inactive exposure,” followed by 4 
years of “active exposure.” Activity occurred one year 
after “ active exposure ” to Sibling 1 and simultaneously 
with activity in Sibling 3. 

Sibling 3. Total of 10 person years, of which 7 were 
years of “ active exposure ” and 3 of “ inactive exposure.” 
Onset was preceded by 1 year of “inactive exposure” 
and 4 years of “active exposure,” occurring during si- 
multaneous year of activity in Sibling 2. 

Sibling 4. Total of 4 person years, three of which 
were years of “ active exposure,” resulting in no activit>'. 
One year was a year of “ inactive exposure,” resulting in 
no activity. 


period of rheumatic activity such contagiousness 
may exist. Respiratory infections occurring .in 
December, with subsequent rheumatic activity in 
January, might conceivably be excluded. Check- 
ing on our data for 79 families for the calendar 
year of 1933 (14), we found only 3 rheumatic 
recurrences out of a total of 139 that would have 
been excluded in this way. If one were to as- 
sume further that every rheumatic episode has its 
contagious phase in a preceding respiratory in- 
fection, our maximum error from this same 
source is but 10 per cent for this year.) 

2. Rheumatic individuals experiencing inter- 
current years of apparent freedom from rheu- 
matic activity, might still be a possible source of 
exposure. Such years were calculated as person 
years of “inactive exposure.” 

3. The primary case in a family may be con- 
sidered to have acquired the disease by casual 
contact outside the family. The years prior to 
the onset of rheumatic activity were arbitrarily 
termed person years of “ extra-familial exposure.” 

The total person years of " active ” and “ in- 
active ” exposure, as well as the total person years 
of “ extra-familial exposure ” in each family, 
were calculated for each member of the house- 
hold. Since rheumatic activity manifests itself 
mainly in childhood (from 4 to 16 years of age), 
the data tabulated for analysis included only per- 
son years of children reaching the ages of 4 to 16 
years. (The application of the method is illus- 
trated in the two family graphs : Figure 2, “ V ” 
and “ L.”) The interval elapsing between ex- 
posure and onset of the disease was calculated 
for both “ active ” and " inactive ” exposure. 
Where “ inactive exposure ” preceded “ active 
exposure,” both were noted. Individuals having 
simultaneous years of activity were arbitrarily 
considered to have exposed each other. 

It was possible to obtain more accurate data 
on the time relationship between exposure and 
onset of activity by an analysis of the simul- 
taneous years of activity in these families for a 
period of three calendar years, when the dates of 
onset and termination of each rheumatic episode 
were observed and recorded. 

In Table IV is presented a comparative analysis 
of the incidence of rheumatic fever in the 112 
families, in relation to the source and type of 
exposure. Here it may be seen that for 55 fam- 
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TABLE IV 


Incidence of rheumatic fever in its relation to source and type of exposure 



^tolhcr 

Father 

+ 

M -1- and 

F -h 

Total -1- 
parenta 

Total — 
parents 



HQ 

11 

130 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 


Per 

cent 

Number of families (112) 

36 


15 




55 


57 



Number of siblings (468) 

147 


63 




228 


240 



Number of rheumatic siblings (227) 

S3 

56.4 

38 

60.3 

m 

72.2 

134 

58.6 

93 

38.7 


Total person years 

1S32 


748 


223 


2803 


2955 



Person years "Active exposure” 

598 

32.6 

284 

38.0 

86 

38.5 

968 

34.5 

713 

24.01 


Person years "Inactive exposure” 

1234 

67.3 

464 

62.0 

137 

61.4 

1835 

65.4 

569 

19.0J 

> 

Person years "Extrafamilial exposure” 
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1673 

57.0 


Total years "Active exposure” result. Activit}' 
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Total years "Extra-familial exposure” result. 
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196 


196 . . y 
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■ 



1673 


1673 

Total person years active 

270 


no 


44 


424 


346 



To "Active e.xposure” 

114 

42.2 

51 

46.3 

35 

79.5 

200 

47.1 

90 

26.0 


To " Inactive exposure" 

156 

57.7 

59 

53.6 

9 

20.5 

224 

52.8 

60 

17.3 


To "Extra-familial exposure” 









196 

56.6 



ilies with parental rheumatism, giving an oppor- 
tunity for familial exposure, of a total of 2,803 
person years 35 per cent were years of “active 
exposure” and 65 per cent were years of “in- 
active exposure.” It is of interest that only 21 
per cent of the years of “ active exposure ” in 
these families could be considered to have re- 
sulted in rheumatic fever. One hundred and 
thirty-four rheumatic siblings experienced 424 
person years of activity; 47 per cent of these 
years of activity occurring subsequent to “ active 


exposure,” and 53 per cent followed “inactive 
exposure.” It is apparent that “active” and 
“ inactive ” exposure were equally effective. 

In a comparison of the incidence of rheumatic 
fever in the 57 families with negative parents, an 
opportunity for comparing the relation of the in- 
cidence of rheumatic fever to the source of ex- 
posure (that is, familial or extra-familial) was 
offered. Of a total of 2,955 person years, 57 per 
cent were years of “ extra- familial exposure,’ and 
43 per cent were years of “ familial exposure 
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(24 per cent of which were years of " active ex- 
posure,” and 19 per cent “inactive exposure”). 
“ Familial exposure ” resulted in 11.8 per cent of 
activity, as compared with 11.7 per cent following 
“ extra-familial exposure.” Ninety-three rheu- 
matic siblings experienced 346 person years of 
activity, of which about one-half (57 per cent) 
followed “extra-familial exposure” (Figure 3). 

There is another method of demonstrating the 
relative influence of “ extra-familial exposure ” 
(Table V). In 53 of the families with negative 


TABLE V 

Freqtiency of primary and secondary rheumatic siblings of 
negative parents 



1 Total 

Posi- 

tive 

Percent- 

age 

positive 

Second or later sibling where oldest is 
negative 

48 

20 

42±7 

Second or later sibling where oldest is 
positive * 

65 

28 

43±6 

Second or later sibling where oldest is 
positive t 

35 

16 

46±8 

Incidence among firstborn J 

53 

24 

45±7 


* Including only those born before first sibling became 
positive. 

t Including only those born after first sibling became 
positive. 

t Excluding _ one sibling families, and those families 
where first sibling became positive after a later sibling was 
positive. 

(non-rheumatic) parents, a division was made 
depending on whether the first child was negative 
or positive. Where the first child was negative, 
42 per cent of 48 subsequent siblings were rheu- 
matic. Where the first sibling was positive, 44 
per cent of 100 subsequent siblings were rheu- 
matic. The incidence of rheumatism among the 
firstborn, as given in the table, was 42 per cent. 
The relative incidence of rheumatic fever is, 
therefore, the same for primary and secondary 
cases in a family. These observations indicate 
that exposure was as effective from casual con- 
tact (“extra-familial exposure”), as it was by 
intimate contact within the family. 

An attempt was made to determine the time 
relationship between the type of exposure and 
the onset of the disease. In Table VI it may be 
seen that in only 20 per cent was the onset of the 
disease within a year of “ active exposure.” In 
49 per cent the onset was within 2 to 5 years, and 
in 31 per cent the onset was within 6 to 15 years. 


TABLE VI 

Interval between exposure and onset 


Interval between 
familial exposure 
and onset of rheu- 
matic activity 

Active exposure 

Inactive exposure 

Number 

Per cent 

Number 

Per cent 

1 year 

24 

20 

15 

14 

2 to 5 years 

58 

49 

63 

57 

6 to 15 years 

37 

31 

32 

29 


There was no significant difference in the time 
intervening between the onset of the disease after 
“ active ” and “ inactive ” exposure. 

The occurrence of rheumatic activity in more 
than one member of a family during the same 
year suggests communicability of the disease. 
Of a total of 588 calendar years of activity, 159, 
or 27 per cent, were simultaneous years. The in- 
terval between exposure and onset of various 
types of rheumatic activity were observed and 
recorded. In Table VII, and Figures 4 and 5, 


TABLE VII 

Type of rheumatic manifestation and interval between 
simultaneous calendar years of activity * 


Related manifestations 

Total 

manifests* 

tions 

1 month 

Interval 

lto2 
months ^ 

1 

2 to 11 
months 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Num- 
ber j 

Per 

cent 

Num- 

ber 

Per 

cent 

Joint pains and iolnt pains. . . 

69 

33.0 

29 

42 

17 

24 

23 

34 

Joint pains and polyarthritis 









or carditis 

47 

22.5 

16 

34 

12 ! 

24 

10 

42 

Joint pains and chorea 

48 

23.0 

8 

16 

15 1 

31 

25 

53 

Polyarthritis, carditis and 









chorea 

45 

21.5 

8 

18 

7 

IG 

30 

CO 

Total related manifestations. 

209 

100 

61 

29.1 

51 

24.4 

97 

4G.4 


* The onset and termination of every illness was recorded 
for 112 families over a period of three years. 


it may be seen that in only 29 per cent was the 
interval one month; in 24 per cent it was 1 to 2 
months; in 47 per cent it was 2 to 11 months. 
Approximately three-fourths of the related mani- 
festations were between joint pains and some 
other manifestation of the disease, and in only 
one-fourth were related major manifestations, 
i.e., polyarthritis, carditis and chorea. In this 
group, in 66 per cent the interv'al between expo- 
sure and activity was 2 to 11 months. 

It is of interest that in 51 families, 59 parents 
(mother or father) were rheumatic; 27, or 44 
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TABLE IV 


Incidence of rheumatic fever in its relation to source and type of exposure 



Mother 

4* 

F.-ithcr 

+ 

M -f and 

F + 

Total + 
parents 

Total — 
parents 



|nn| 


IQQI 

Per 

cent 

1201 


Num- 

ber 

Per 

cent 

Number of families (112) 

Number of siblings (46S) 

Number of rheumatic siblings (227) 

36 

147 

S3 

56.4 

15 

63 

38 

60.3 

4 

IS 

13 

72.2 

55 

228 

134 

58.6 

57 

240 

93 

38.7 

Total person years 

Person years “Active exposure” 

Person years “Inactive exposure” 

Person 3 'ears “Extrafamilial exposure” 

1S32 

598 

1234 

32.6 

67.3 

748 

284 

464 

1 

223 

86 

137 

38.5 

61.4 

2803 

968 

1835 

_ . 1 

34.5 

65.4 

2955 

713 

569 

1673 

24.01 43 

19.0/^'^ 

57.0 

Total years “Active exposure” result. Activitj' 

Total years “Inactive exposure” result. Ac- 

fivtfy 




■HR 

1 


1 

20.6 

12.2 

90 

713 

60 

12.6] 

10.5J 

1673 

Total 3 'ears “Extra-familial exposure” result. 
Activity 

569 

196 


1673 

Total person years active 

To “Active exposure” 

To “Inactive exposure” 

To “Extra-familial exposure" 

270 

114 

156 

42.2 

57.7 

110 

51 

59 

46.3 

53.6 

44 

35 

9 

79.5 

20.5 

424 

200 

224 

47.1 

52.8 

346 

90 

60 

196 

26.0 

17.3 

56.6 


ilies with parental rheumatism, giving an oppor- 
tunity for familial exposure, of a total of 2,803 
person years 35 per cent were years of “active 
exposure ” and 65 per cent were years of “ in- 
active exposure,” It is of interest that only 21 
per cent of the years of “ active exposure ” in 
these families could be considered to have re- 
sulted in rheumatic fever. One hundred and 
thirty-four rheumatic siblings experienced 424 
person years of activity; 47 per cent of these 
years of activity occurring subsequent to “ active 


exposure,” and 53 per cent followed “inactive 
exposure.” It is apparent that “active” and 
“ inactive ” exposure were equally effective. 

In a comparison of the incidence of rheumatic 


fever in the 57 families with negative parents, an 
opportunity for comparing the relation of the in- 
cidence of rheumatic fever to the source of ex- 
posure (that is, familial or extra-familial) was 
offered. Of a total of 2,955 person years, 57 per 
cent were years of “ extra-familial exposure, and 
43 per cent were years of “ familial exposure 
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(24 per cent of which were years of “ active ex- 
posure,” and 19 per cent "inactive exposure”). 
“Familial exposure” resulted in 11.8 per cent of 
activity, as compared with 11.7 per cent following 
“ extra-familial exposure.” Ninety-three rheu- 
matic siblings experienced 346 person years of 
activity, of which about one-half (57 per cent) 
followed "extra-familial exposure” (Figure 3). 

There is another method of demonstrating the 
relative influence of “ extra-familial exposure ” 
(Table V). In S3 of the families with negative 


TABLE v 

Frequency of primary and secondary rheumatic siblings of 
negative parents 



! 

Total 

Posi- 

tive 

Percent- 

age 

positive 

Second or later sibling where oldest is 
negative 

48 

20 

42*7 

Second or later sibling where oldest is 
positive * 

65 

28 

43*6 

Second or later sibling where oldest is 
positive t 

35 

16 

46*8 

Incidence among firstborn J 

S3 

24 

45*7 


* Including only those born before first sibling became 
positive. 

t Including only those born after first sibling became 
positive. 

t Excluding _ one sibling families, and those families 
where first sibling became positive after a later sibling was 
positive. 

(non-rheumatic) parents, a division was made 
depending on whether the first child was negative 
or positive. Where the first child was negative, 
42 per cent of 48 subsequent siblings were rheu- 
matic. Where the first sibling was positive, 44 
per cent of 100 subsequent siblings were rheu- 
matic. The incidence of rheumatism among the 
firstborn, as given in the table, was 42 per cent. 
The relative incidence of rheumatic fever is, 
therefore, the same for primary and secondary 
cases in a family. These observations indicate 
that exposure was as effective from casual con- 
tact (“extra-familial exposure”), as it was by 
intimate contact within the family. 

An attempt was made to determine the time 
relationship between the type of exposure and 
the onset of the disease. In Table VI it may be 
seen that in only 20 per cent was the onset of the 
disease within a year of “active exposure.” In 
49 per cent the onset was within 2 to 5 years, and 
in 31 per cent the onset was within 6 to IS years. 


TABLE VI 

Interval heivieen exposure and onset 


Interval between | 

familial exposure | 

and onset of rheu- 
matic activity 

Active exposure 

Inactive exixjsure 

Number 

Per cent 

Number 

Per cent 

1 year 

24 

20 

IS 

14 

2 to 5 years 

58 

49 

63 

57 

6 to 15 years 

37 

31 

32 

29 


There was no significant difference in the time 
intervening between the onset of the disease after 
“ active ” and “ inactive ” exposure. 

The occurrence of rheumatic activity in more 
than one member of a family during the same 
year suggests communicability of the disease. 
Of a total of 588 calendar years of activity, 159, 
or 27 per cent, were simultaneous years. The in- 
terval between exposure and onset of various 
types of rheumatic activity were observed and 
recorded. In Table VII, and Figures 4 and 5, 


TABLE vn 

Type of rheumatic manifestation and intenial between 
simultaneous calendar years of activity * 



1 

Total 



luterval 



Related manifestations 

manifesta- 

tions 

1 mouth 

lto2 

months 

2toU 

months 


Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Num-; 
ber . 

Per 

cent 

Num-j 
ber 1 

Per 

cent 

^ , . ». . . t 

6B 

33.0 

29 

42 



23 

34 


47 

22.5 

16 

34 

12 ! 

24 

19 

42 

Joint pains and chorea j 

48 

23.0 

8 

ID 

15 

31 

25 

53 

Foiyarthritis, carditis and 
chorea 

45 

21.5 

8 

18 

7 

16 

30 

66 

Total related manifestations. 

209 

100 

61 

29.1 

51 

24.4 

97 

46.4 


* The onset and termination of every illness was recorded 
for 112 families over a period of three years. 


it may be seen that in only 29 per cent was the 
interval one month ; in 24 per cent it was 1 to 2 
months; in 47 per cent it was 2 to 11 months. 
Approximately three-fourths of the related mani- 
festations were between joint pains and some 
other manifestation of the disease, and in only 
one-fourth were related major manifestations, 
i.e., polyarthritis, carditis and chorea. In this 
group, in 66 per cent the intenTil between expo- 
sure and actirity was 2 to 11 months. 

It is of interest that in 51 families, 59 parents 
(mother or father) were rheumatic; 27, or 44 
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per cent, of tlie parents experienced rlicuniatic the household respiratory infections could be re- 
activity during the lifetime of the siblings. In lated 'to recurrence of rheumatic activity. Rheu- 
no instance did a negative parent acquire the malic children experienced more frequent respira- 
disease. tory infections than non-rheumatic children in 



WiCARt)lT/S ^C//0/tCA ^JOMT FAIHS ^POIYAFT^/HT/S 

Fig. 4. Simultaneous Yeaes of Activity 


The average age of onset of rheumatic fever 
in the negative and positive families was 7 years 
of age; the earliest age of onset was 2 3 ^ears. 
During the period of observation, of 123 non- 
rheumatic siblings ranging in age from 15 to 30 
years, no brother or sister negative to the age of 
15 years, subsequently acquired the disease. 



Fig. 5. Interval Between Associated Manifesta- 
tions — Simultaneous Years 


Studies on the relationship between respiratory 
infections and the occurrence of rheumatic fever 
in these families have been published (14). Con- 
tinued close supervision of these families for the 
past two years confirmed the observations re- 
ported. The occurrence of respiratory infections 
in the families were not associated with the spread 
of rheumatic activity. Less than 15 per cent of 


these families. The majority of the respiratory 
infections occurred simultaneously with, during, 
or following rheumatic activity. During the pe- 
riods 1930 to 1932 and 1933 to 1937, respiratory 
infections were observed to precede only 10 1° 
25 per cent of rheumatic recurrences (within a 
period of 3 to 4 weeks). These observations do 
not indicate that there is a causal relationship be- 
tween respiratory infections and the occurrence 
of rheumatic fever in the families studied, 
rheumatic fever is communicable during a pre 
ceding or associated respiratory infection, there 
should have been a difference between the effec 
tiveness of “ active ” and “ inactive ” exposure. 

It is evident from the data presented that there 
is no direct relation between the type and source 
of exposure and the resulting disease. Some ac 
tor, other than intimate contact, must be F’ 
marily responsible for the observed 
cidence of the disease in these families. 

Comment 

It might be expected that if rheumatic fever is 
spread in the families by intimate contact, ^ 
would be evident a direct relation 
“ familial exposure ” and infection. The ^ 
secured, however, indicate that there is no a 
parent relation between type and source 
posure and resulting disease. There was 
nificant difference in the incidence of the isca 
following “ active ” or “ inactive exposu 
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The incidence of the disease following intimate 
contact (“ familial exposure ") and casual con- 
tact (“ extra-familial exposure ”) were compar- 
able. Within the limits of our accuracy of clini- 
cal diagnosis and method of analysis utilized, it is 
evident that the duration of tlie interval between 
exposure and the onset of the disease is not like 
that of other contagious diseases. A considera- 
tion of all the data secured would indicate that if 
rheumatic fever is spread in families by con- 
tagion, the acquisition of the disease is primarily 
determined by some factor other than exposure to 
a rheumatic individual. That the factor may be 
one of hereditary susceptibility is suggested by the 
increased incidence of rheumatic siblings in series 
of subjects with parental rheumatism. 

Heredity in its relation to the observed familial 
incidence of rheumatic fever 

It has already been suggested that there is a 
direct relation between the incidence of rheumatic 
siblings and parental rheumatism. The reciprocal 
of this relation was also found to hold. Inquiry 
into the family pedigree of these patients dis- 
closed that in 55 families one or both parents were 
rheumatic. In addition, in 29 families, or S3 per 
cent, of this group — grandparents, aunts, uncles 
or cousins were rheumatic. In 57 families both 
parents were negative, but of this group, 26 
families (46 per cent) had rheumatic individuals 
on the maternal or paternal sides. In only 28 per 
cent of the 112 families were we unable to obtain 
a definite history of rheumatism. These results 
suggest the operation of genetic factors. 

The data adequate for genetic analysis included 
122 families which had been examined in the 
Clinic. (Four of the 112 used in the preceding 
part of the paper were omitted, and twelve others 
added.) In addition, 273 consecutive cases of 
rheumatic patients from the pediatric cardiac 
clinic were used. The information on familial 
incidence was obtained from the clinic charts, on 
which this information was routinely recorded, 
and, unlike the 122 families intensively studied, it 
does not represent examination of all the mem- 
bers of the family. From the literature, addi- 
tional data for analysis was obtained from the 
British Medical Research Council Report (3), 
and from Draper (7). Irvine-Jones’ data on 
rivins (6) were used. 


The incidence of rheumatic fever among twins 
may also be used as a criterion of the importance 
of genetic factors in the familial incidence of this 
disease. It will be recalled that identical twins 
are descended from a single ovum and sperm, 
while fraternal twins are derived from two in- 
dependent fertilized eggs. If genetic factors play 
a role in the occurrence of rheumatic fever, it 
would be expected that differences would be 
found between identical and fraternal twins. In 
our records there were seven pairs of twins, of 
which two pairs were identical. Dr. Irvine-Jones 
has published data on nine additional pairs. 
These are included in Table VIII. In this table. 


TABLE VIII 

Incidence of rheumatic fever in twins 



Identical 

Fraternal 


Total 

Pairs 

Total 

Pairs 










+ 4- 


+ - 

1 

++ 

-- 

+- 

Original data.. . . 

2 

2 

0 

0 

5 

2 

1 

2 

Irvine-Jones (7) . 

2 

2 

0 

0 

7 

0 

2 

5 

Total 

4 

4 



12 

2 

3 

7 


of the four sets of identical rivins, all four are 
alike in having rheumatic fever. Of the twelve 
pairs of fraternal twins, five are similar (that is, 
either both have rheumatic fever or both are free 
from it) and seven pairs are dissimilar. Inas- 
much as the environmental features associated 
with all rivins are usually comparable, it is diffi- 
cult to explain this different incidence in fraternal 
and identical twins. They are, however, fully 
consistent with a genetic interpretation which re- 
quires that identical twins be similar, while fra- 
ternal twins would not be expected to be any 
more alike than any rivo siblings. 

Recent progress in genetic science has made it 
possible to approach problems of human heredity 
in relation to disease with greater precision than 
has hitherto been possible. 

In the application of Mendelian fonnulae to 
data on human heredity, it is necessary' to intro- 
duce certain corrections for the inadvertent selec- 
tion inherent in the original data. It will be re- 
called that the families selected for study were 
drawn from the children in attendance at the 
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per cent, of the parents experienced rheumatic the household respiratory infections could be re- 
activity during the lifetime of the siblings. In latcd’to recurrence of rheumatic activity. Rlieu- 
no instance did a negative parent acquire the matic children experienced more frequent respira- 
disease. tory infections than non-rheumatic children in 
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Fig. 4. Simultaneous Years of Activity 


The average age of onset of rheumatic fever 
in the negative and positive families was 7 years 
of age; the earliest age of onset was 2 years. 
During the period of observation, of 123 non- 
rheumatic siblings ranging in age from 15 to 30 
years, no brother or sister negative to the age of 
15 years, subsequently acquired the disease. 



Wiamr/s ^cwrsa ^jmrPAWs mpmApr/a/r/s 

Fig. 5. Interval Between Associated Manifesta- 
tions — Simultaneous Years 


Studies on the relationship between respiratory 
infections and the occurrence of rheumatic fever 
in these families have been published ( 14) . Con- 
tinued close supervision of these families for the 
past two years confirmed the observations re- 
ported. The occurrence of respiratory infections 
in the families were not associated with the spread 
of rheumatic activity. Less than 15 per cent of 


these families. The majority of the respiratory 
infections occurred simultaneously with, during, 
or following rheumatic activity. During the pe- 
riods 1930 to 1932 and 1933 to 1937, respiratory 
infections were observed to precede only 10 to 
25 per cent of rheumatic recurrences (within a 
period of 3 to 4 weeks). These observations do 
not indicate that there is a causal relationship be- 
tween respiratory infections and the occurrence 
of rheumatic fever in the families studied, 
rheumatic fever is communicable during a pre- 
ceding or associated respiratory infection, there 
should have been a difference between the effec 
tiveness of “ active ” and “ inactive ” exposure. 

It is evident from the data presented that there 
is no direct relation between the type and source 
of exposure and the resulting disease. Some ae 
tor, other than intimate contact, must be pn 
marily responsible for the observed familiol m 
cidence of the disease in these families. 

Comment 

It might be expected that if rheumatic fever is 
spread in the families by intimate contact, t le ^ 
would be evident a direct relation 
“ familial exposure ” and infection. The ^ 
secured, however, indicate that there is no ap 

F ' r 0 JC" 

parent relation between type and source 
posure and resulting disease. There was ^ 
nificant difference in the incidence of the isaa 
following “active” or “inactive” exposu • 
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The incidence of the disease following intimate 
contact (" familial exposure ”) and casual con- 
tact (“ extra-familial exposure ”) were compar- 
able. Within the limits of our accuracy of clini- 
cal diagnosis and method of analysis utilized, it is 
evident that the duration of the interval between 
exposure and the onset of the disease is not like 
that of other contagious diseases. A considera- 
tion of all the data secured would indicate that if 
rheumatic fever is spread in families by con- 
tagion, the acquisition of the disease is primarily 
determined by some factor other than exposure to 
a rheumatic individual. That the factor may be 
one of hereditary susceptibility is suggested by the 
increased incidence of rheumatic siblings in series 
of subjects with parental rheumatism. 

Heredity in its relation to the observed familial 
incidence of rheumatic fever 
It has already been suggested that there is a 
direct relation between the incidence of rheumatic 
siblings and parental rheumatism. The reciprocal 
of this relation was also found to hold. Inquiry 
into the family pedigree of these patients dis- 
closed that in 55 families one or both parents were 
rheumatic. In addition, in 29 families, or 53 per 
cent, of this group — grandparents, aunts, uncles 
or cousins were rheumatic. In 57 families both 
parents were negative, but of this group, 26 
families (46 per cent) had rheumatic individuals 
on the maternal or paternal sides. In only 28 per 
cent of the 112 families were we unable to obtain 
a definite history of rheumatism. These results 
suggest the operation of genetic factors. 

The data adequate for genetic analysis included 
122 families which had been examined in the 
Clinic. (Four of the 112 used in the preceding 
part of the paper were omitted, and twelve others 
added.) In addition, 273 consecutive cases of 
rheumatic patients from the pediatric cardiac 
clinic were used. The information on familial 
incidence was obtained from the clinic charts, on 
which this information was routinely recorded, 
and, unlike the 122 families intensively studied, it 
does not represent examination of all the mem- 
bers of the family. From the literature, addi- 
tional data for analysis was obtained from the 
British Medical Research Council Report (3), 
and from Draper (7). Irvine-Jones’ data on 
trvins (6) were used. 


The incidence of rheumatic fever among twins 
may also be used as a criterion of the importance 
of genetic factors in the familial incidence of this 
disease. It will be recalled that identical twins 
are descended from a single ovum and sperm, 
while fraternal twins are derived from two in- 
dependent fertilized eggs. If genetic factors play 
a role in the occurrence of rheumatic fever, it 
would be expected that differences would be 
found between identical and fraternal twins. In 
our records there were seven pairs of twins, of 
which two pairs were identical. Dr. Irvine-Jones 
has published data on nine additional pairs. 
These are included in Table VIII. In this table. 


TABLE viir 

Incidence of rheumatic fever in twins 



Identical 

Fraternal 


Total 

Pairs 

Total 

1 Pairs 

I 










+ 4' 

-- 

+-! 


4*4- 

-- 

4 — 

Original data 

2 

2 

0 

0 

5 

2 

1 

2 

Irvine-Jones (7) . 

2 

2 

0 

0 

7 

0 

2 

5 

Total 

4 

4 



12 

2 

3 

7 


of the four sets of identical twins, all four are 
alike in having rheumatic fever. Of the twelve 
pairs of fraternal twins, five are similar (that is, 
either both have rheumatic fever or both are free 
from it) and seven pairs are dissimilar. Inas- 
much as the environmental features associated 
with all twins are usually comparable, it is diffi- 
cult to explain this different incidence in fraternal 
and identical twins. They are, however, fully 
consistent with a genetic interpretation which re- 
quires that identical twins be similar, while fra- 
ternal twins would not be expected to be any 
more alike than any t\vo siblings. 

Recent progress in genetic science has made it 
possible to approach problems of human hereditj' 
in relation to disease with greater precision than 
has hitherto been possible. 

In the application of Mendelian formulae to 
data on human hereditj'-, it is necessarj' to intro- 
duce certain corrections for the inadvertent selec- 
tion inherent in the original data. It will be re- 
called that the families selected for study were 
drawn from the children in attendance at the 
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TABLE IX 

Comparison of observed incidence of rheumatic siblinfis with 
expectation from Mcndclian formulae 


Num* 


Ob- 

Ex- 




ber 

of 

Number 

of 

families 

served 

number 

pected 

number 

Differ- 


Differ- 

siblincs 
in each 

of rheu- 
matic 

of rheu- 
matic 

cncc 


cnce/<r 

family 


siblinRS 

sibliiiRS 





A. NEGATIVE FEMALE X NEGATIVE MALE 


1 

1 

1 1 

1 




2 

11 

12 1 

12.6 

0.6 

1.35 

0.5 

3 

12 

17 1 

15.6 

1.4 

3.16 ' 

0.8 

4 

13 

21 

19.0 

2.0 

5.42 

0.9 

5 

9 

17 

14.7 

2.3 

5.32 

1.0 

6 

4 

10 

7.3 

2.7 

3.00 

1.6 

7 

3 

9 

6.1 

2.9 

2.91 

1.7 

8 

3 

5 

6.7 

1.7 

3.54 

0.9 

9 

1 

1 

2.4 

1.4 

1.38 

1.2 

10 

1 

1 

2.6 

1.6 

1.59 

1.3 

Total 

58 

94 

88.0 


21.12 






l.la 

= 5.25 



B. POSITIVE FEMALE X NEGATIVE MALE 


T 

1 

2 

1 

2 

2 




2 

6 

10 

8 

2 

1.31 

1.7 

3 

8 

14 

13.7 

0.3 

3.91 

0.2 

4 

7 

16 

14.9 

1.1 

5.48 

0.5 

5 

3 

7 

7.7 

0.7 

3.24 

0.4 

6 

4 

11 

12.2 

1.2 

5.52 

0.5 

7 

3 

11 

10.6 

0.4 

5.00 

0.2 

8 

3 

14 

12.0 

2.0 

5.83 

0.8 

9 

1 

5 

4.5 

0.5 

2.22 

0.3 

Total 

37 

90 

85.6 


32.51 


j 

1 

1 

j 

j 


0.1c 

= 5.8 



C. NEGATIVE FEMALE X POSITIVE MALE 


1 

1 

1 

1 




2 

2 

2 

2.7 

0.7 

0.44 

1.0 

3 

3 

6 

5.1 

0.9 

1.47 

0.7 

4 

3 

7 

6.4 

0.6 

2.34 

2.5 

5 

2 

6 

5.2 

0.8 

2.16 

1.8 

6 

1 

1 

3.0 

2.0 

1.38 

0.6 

7 







8 





2.22 


9 

1 

6 

4.5 

1.5 

1.0 

Total 

13 

29 

27.9 


10.01 


1 

1 




0.3<r 

=3.2 

1 



Cardiac Clinic. Consequently, every family in 
the group contained at least one rheumatic child. 
Since this would not be true of a random sample 
of the population, a correction has to be intro- 
duced. It may be noted here that the correction 
must be made separately for each size of family. 
The details of the statistical method have recently 


been reviewed by Hogben (15) and Levit (16). 

There is presented in Table IX (A, B, and C), 
a comparison of the observed and expected values 
for each family of similar size. In crosses of 58 
families of negative parents, the observed inci- 
dence was 94, compared with an expected value 
of 88. For 37 families with positive mothers and 
for 13 families with positive fathers, the observed 
and expected were respectively, 90 compared with 
86, and 29 compared with 27. As shown in the 
table, the differences betw’ecn observed and ex- 
pected arc clearly not statistically significant in 
any of these instances. 

In analyzing tlie mechanism of inheritance in- 
volved in this disease, there are five major possi- 
bilities which will be considered : simple domi- 
nance ; a single autosomal recessive ; two or more 
recessive factors; two or more dominant factors; 
and sex linkage. 

Simple dominance. Any heredity character 
which is inherited as a simple dominant should be 
expressed in every generation of a line in which 
the factor is being transmitted. Inasmuch as 48 
per cent of the 122 families have negative parents, 
this possibility may be excluded. The subse- 
quent discussion of penetrance indicates that 
partial dominance may also be excluded. 

Single recessive and Hvo or more recessive 
genes. If more than one recessive gene are 
necessary for the expression of a given trait, the 
proportion of families with more than one mem- 
ber affected should be fewer the larger the num- 
ber of factors involved (Hogben (IS)). Table 
X shows the comparison of the observed inci- 

TABLE X 

Comparison of observed incidence of families with more than 
one rheumatic sibling with expectation from single 
recessive and double recessive gene hypotheses 

NEGATIVE FEMALE X NEGATIVE MALE 


— 

Number 

of 

siblings 
in each 
family 

Number of 
families 

Families 
having 
more 
than 1 -b 

Expected 

double 

recessive 

hypothesis 

Observed 

Expected 

single 

recessive 

hypothesis 




per cent 

per cent 

per cent 

1 

1 

0 

0 


0 

2 

11 

1 

3 

9 

15 

3 

12 

4 

6 

33 

27 

4 

13 

6 

9 

41 

39 

5 

9 


13 

78 

4S 

6 

4 


15 


56 

7 

3 


IS 

67 

64 
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dence of multiple cases with the expected values 
if one or two recessive factors were involved. 
For the case of four siblings, the number ex- 
pected for a single recessive case is 39 per cent; 
for a double recessive case it is 9 per cent. The 
actual value, 41 per cent, is in much closer agree- 
ment Avith the expectation for a single factor. 
The same agreement with single factor require- 
ments also holds for all other sizes of families. 
Predictions for three and four recessive factors 
were computed and found to be even less in agree- 
ment with the observations than is the two factor 
hypothesis. 

Single recessive and two or three dominant 
genes. The analysis for the hypotheses of two, 
three or four dominant factors in comparison 
Avith a single recessive factor, gives different pre- 
dicted values for each hypothesis. 

The computations in Table XI permit the com- 

TABLE XI 

Comparison of observed incidence of rheumatism in families 
with expectation from single recessive, double dominant 
and triple dominant gene hypotheses 

NEGATIVE FEMALE X NEGATIVE MALE 


Number 

of 

BibUngs 
in each 
family 

Number of 
families 

Ob- 

served 

single 

Expected 

single 

recessive 

hypothesis 

Expected 
double 
i dominant 
hypothesis 

Expected 

triple 

dominant 

hypothesis 

1 

1 

1 

1 

1 

1 

2 

6 

6 

7.8 

6.4 

6.2 

3 

14 

18 

18.2 

15.9 

14.9 

4 

13 

18 

19.0 

15.7 

14.3 

5 

8 

17 

13.1 

10.3 

9.1 

6 

3 

6 

5.5 

4.1 

4.5 

7 

1 

5 

2.0 

1.4 

1.2 

8 

3 

5 

6,7 

4.6 

3.7 

9 

1 

1 

2.4 

1.6 

1.3 

Total 

50 

77 

75.7 

61.0 

56.2 


parison betAveen the incidence of rheumatic dis- 
eases observed in the progeny of negative parents, 
Avith the values predicted from a single recessive 
gene, and from tAvo dominant or three dominant 
genes. The observed frequency, 77, is in closer 
agreement Avith the predicted value from one re- 
cessive gene 75.7 ; than it is Avith tAvo dominant 
genes 61.0; or three dominant genes 56.2. Com- 
putations for more than three dominant factors 
Avere still more divergent from the observations. 
Sex linkage. A test for sex linkage AA’as also 
made. Among the progeny of positive mothers 
by negatiA'e fathers, 58 per cent of 71 daughters 


Avere positive and 51 per cent of 78 sons Avere 
positive. If sex linkage Avere involved, no posi- 
tive daughters should occur in this series, and 50 
per cent of the sons should be positive. The pos- 
sibility of sex linkage is, therefore, excluded. 
These data are fully consistent Avith the conclu- 
sion that the hereditary mechanism involved is a 
single autosomal recessive gene. 

In order to test the universality of these re- 
sults, analyses Avere made of three additional sets 
of data, as folIoAvs; 273 families of the children 
in attendance at the Pediatric Cardiac Clinic (the 
family incidence based on histories) ; 129 family 
trees of negative parents published in the British 
Medical Research Council Report (3) ; and 50 
family trees collected by Draper (7). 

In each of the three sets of data the incidence 
among siblings of negative parents Avas loAver 
than the incidence where one parent Avas positive. 
When both parents Avere positive the family inci- 
dence Avas still higher. In Table XII is presented 


TABLE XII 

Comparison of observed incidence with expectation from 
Mendelia7i formulae * 


Name of 
hospital 

Num* 
ber of 
siblings 
in 

each 

family 

Number 

of 

families 

Ob. 

served 

num- 

ber 

Ex- 

pected 

num- 

ber 

Differ- 

ence 

tr^ 

St. Thomas' 

1 

10 

10 

10 



Hospital 

2 

19 

23 

21.7 

1.3 

2.33 

3 

19 

21 

24.6 

3.6 

5.00 


4 

9 

11 

12.2 

1.2 

3.78 


5 

12 

1 17 

19.7 

2.7 

7.10 


6 

5 

9 

11.0 

2.0 

3.88 


7 

1 

2 

2.0 

0 

0.97 


8 

2 

5 

4.4 

0.6 

2.35 


9 

2 

3 

4.9 

1.9 

2.78 


Total 

79 

101 

110.5 


28.19 






l.Scr 

=5.3 

Children's 

1 

2 

2 

2 



Hospital 

2 

5 

5 

5.7 

0.7 

0.61 

3 

7 

7 

9.1 

2.1 

1.84 


4 

5 

9 

7.3 

1.7 

2.10 


5 

1 

1 i 

1.6 

0.6 

0.59 


6 

3 

4 

5.5 

1.5 

2.33 


7 

1 

1 

2.0 

1.0 

0.97 


8 

2 

5 

4.4 

0.6 

2.35 


9 

2 

6 ! 

4.9 

1.1 

2.78 


10 

1 

2 

2.9 

0.9 

1.81 


Total 

29 

42 

43.4 


15.38 




0.4«r 

= 3.9 


* Analysis of pedigrees published in the British Medical 
Research Council (10). 
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a detailed analysis of the data derived from the 
two London hospitals. These data are quite con- 
sistent with those cited on the 122 families in- 
vestigated in detail. 

Comment 

The suggestion that an hereditary susceptibility 
underlies the familial incidence of rheumatic 
fever, is not, of course, new. A study of the 
literature shows that several attempts have been 
made to examine the familial incidence of rheu- 
matism in genetic terms. The results, however, 
have in no instance been conclusive, chiefly be- 
cause satisfactory genetic methods had not been 
applied to the data. 

Some workers have based their views on a 
study of family pedigrees. The difficulty with 
this approach is that most matings in any pedigree 
are usually of no critical importance for anal3’^tical 
purposes. Even an extensive pedigree does not 
obviate the necessity of special study of the criti- 
cal cases. 

Another practice has been to add all families 
together, regardless of parentage. The results of 
such computations cannot be interpreted sig- 
nificantly, inasmuch as the expectations are so 
different in families of negative parents as com- 
pared with families with one or both parents posi- 
tive, that an estimate of the agreement between 
genetic theory and observations cannot be made. 

A third practice among investigators interested 
in the hereditary aspects of the disease consists in 
adding together all cases, regardless of the size of 
the families, and treating the total as a unit for 
comparison. This procedure is not permissible 
for studies on rheumatic fever because of the way 
in which the data are collected. On any genetic 
basis the frequency of rheumatic children should 
be smaller for the offspring of negative parents 
than it is for progeny having one or both parents 
positive. However, much, if not all, of the data 
on the familial incidence is gathered from among 
the children in attendance at a cardiac clinic. 
Consequently, the families used in such a study 
will necessarily have at least one rheumatic sibling. 
All summaries will, therefore, show that all fami- 
lies of one sibling only will be rheumatic, regard- 
less of the presence or absence of the disease in 
the parents. This source of error is also present 
in families of larger size, but its magnitude de- '• 


creases rapidly as the size of the family increases. 
Such a selection does not necessarily vitiate the 
results because it is possible to introduce a simple 
correction for these omitted cases (15). It must 
be done separately, however, for each size of 
family. 

Our data, which were also selected from a chil- 
dren's cardiac clinic, were therefore corrected for 
this factor. Lack of recognition of this source of 
error may account for the failure of some previ- 
ous investigators to arrive at definite conclusions 
from their genetic studies. Much of the pub- 
lished data on this disease were not compared 
with our results because the summaries of the 
data could not be separated into components of 
parental diagnosis or family size or both. Selec- 
tion of families from members of an adult rheu- 
matic clinic would not need this correction for size 
of family. An attempt to make such a study 
proved futile since the progeny of such families 
was invariably small. 

The possibility of inadvertent bias in the selec- 
tion of the original sample so as to favor the in- 
terpretation of genetic transmission has to be con- 
sidered. It would be quite possible that unknown 
selective factors might have been operative in any 
small sample, and perhaps even in the average of 
a larger series. It would be expected, however, 
that any large number of individual family groups 
would show widely different values for the devia- 
tion from theory if selective factors were in- 
volved. In Table IX, in the last column, the 
deviation from theory is given for each of 23 
samples of parental type and family size (not in- 
cluding families of one sibling only). In no case 
is it as large as 2, and in only three cases does it 
exceed 1.3. It is evident then that this factor is 
not operative in the 122 families studied. 

The demonstration of the mechanism of he- 


redity in rheumatic fever makes it possible to 
prepare tables of predictions of the probable oc- 
currence of the disease in the progeny of a given 
mating (with the reservation already stated re- 
garding the limitations of our analysis to families 
from the lower income groups for New York 
City environment). Table XIII includes a sam- 
ple of the types of matings that occur with some 
frequency. Here it may be seen that if one chil 
has the disease, both parents transmit it, whether 
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TABLE Xm 

Table of prediction for rheumatic siblings in families of 
certain matings 




Family A 
pedigree 

Family B 
pedigree 

Predictions 

Mate A 

Mate B 

: AJ! 
&ib< 
lings 

After 

1 + 

occure 

+ 

+ 

-f or — 

-f or — 

Per cent 
100-1- 

per cent 
100+ 

+ 

— 

4- or — 

1 parent -f- 

S0+ 

50+ 

+ 

— 

+ or — 

1 sibling 

33+ 

50+ 

+ 


or — 

Aunt or 

8+ 

50+ 

+ 


-t- or — 

uncle -f- 
Most aunts 

25+ 

50+ 

+ 

j 

! 

or “ 

or uncles 

<5 + 

50+ 

— 

— 

— 

I parent -f- 

<5+ 

25+ 



— 

1 sibling 

<s+ 

25+ 



— 

Aunt or 

<5+ 

25+ 

— 



uncle -t- 

<5 + 

25+ 



1 parent 

1 parent 

25+ 

25+ 


< less than. 


they show it or not, and that the subsequent inci- 
dence in the family will be 25 per cent, 50 per 
cent, or 100 per cent, depending on whether 
neither, one, or both parents have rheumatic fever. 
If prediction is to be made before the birth of any 
sibling, the incidence of rheumatic fever in the 
population must be considered. We have as- 
sumed this figure to be less than 10 per cent. A 
more detailed consideration of the genetic phases 
of this investigation is now in preparation. 

GENERAL DISCUSSION 

We are cognizant of certain possible inac- 
curacies inherent in the material which has been 
subject to analysis. Although these families have 
been under close and exact observation for a 
period of years, the nature of the disease itself 
has made the problem a difficult one. Our in- 
complete knowledge of the etiology and epidemi- 
ology of rheumatic fever has required us to make 
certain assumptions which may prove to be un- 
warranted. However, on the basis of our pres- 
ent knowledge, accepted diagnostic criteria, and 
modern genetic methods of analysis, the observa- 
tions presented will be discussed. 

One important contribution of genetic research 
to clinical medicine is that it admits of numerical 
predictions in a given situation so that when 
alternative hypotheses are being considered, it is 
possible to make a choice based on the agreement 


between an observed value and those which would 
be predicted from the several theories. On the 
basis of a postulated hereditaiy mechanism, pre- 
dictions for progeny of different types of matings 
may be made. 

It would seem fair to conclude from the genetic 
analysis of our data that the susceptibility for 
rheumatic fever is transmitted as a single auto- 
somal recessive gene. This may be said with 
some assurance, since it is based on quantitative 
agreement between observed incidence and the 
value predicted from this hypothesis. 

A consideration of penetrance * is of impor- 
tance in diseases where hereditary factors play 
a role. Penetrance may be defined as the per- 
centage of hereditarily susceptible individuals 
which manifests a trait (in this case, rheumatic 
fever). In general genetics, as well as in the 
study of many human traits, it is common to find 
that not all individuals with similar genetic back- 
grounds show the character or show it fully. 
When every genetically similar individual ex- 
presses the trait, penetrance is said to be 100 per 
cent. On the other hand, if the penetrance is 
very low, approaching 0 per cent, it may be very 
difficult to establish the hereditary mechanism. 

In the case of a recessive disease, the best 
method of estimating penetrance is from the 
progeny of positive parents. In our series, four 
families where both parents were positive had IS 
siblings. Of these, 13 were rheumatic. Of the 
remaining two individuals, one is now seven 
years old and the other is fifteen. The penetrance 
is, therefore, 86 per cent. We have examined 
from our general clinic 13 additional siblings in 5 
similar matings, finding 10 rheumatic; taking all 
the cases together gives a penetrance of 82 per 
cent. 

The occurrence of even a single exception in 
the progeny of two positive parents has some- 
times been advanced as evidence against the in- 
terpretation of recessiveness. From the fore- 
going discussion, it is apparent that this would be 
true if penetrance were found to be 100 per cent 
in the progeny of other types of matings. Our 
negative cases, therefore, cannot be regarded as 
unfavorable to the interpretation we have made. 

* We wish to acknowledge our indebtedness to Dr. H. 
J. Muller for helpful suggestions in the discussion of 
penetrance. 
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The failure of a dominant factor to be ex- 
pressed in any generation may he attributed to 
poor penetrance. The high penetrance observed 
in families of positive parents in these families 
excludes this possibility for our cases. 

From the clinical viewpoint the penetrance of 
rheumatic fever has greater interest than any 
other single feature of its genetic pattern. If 
the penetrance is found to he lower in different 
geographical localities or economic groups, or fol- 
lowing particular changes in the environment, im- 
portant progress will be possible in the prevention 
of this disease. 

In clinical investigation it would be advisable to 
select, not a sample of the general population, but 
a series of subjects whose genetic constitutions 
are known. The evaluation of the efficac}' of 
proposed treatment would be the ratio of positives 
in the series compared with the predicted inci- 
dence for their known genetic background. 

If the incidence of rheumatic fever varies in 
different geographical localities and is lower 
among families of the well-to-do, it would not be 
expected that the mechanism of the hereditary 
susceptibility would be different but that variation 
in penetrance is the responsible factor. 

A correction for variable penetrance has not 
been introduced in the table of predictions fonnu- 
lated for rheumatic siblings. Its effect would 
be to lower slightly the prediction for each mat- 
ing. Since the ' actual incidence of rheumatic 
fever in the general population is not Icnown, the 
predictions given would be correct only if the 
incidence is not more than 10 per cent. 

Accepting the hereditary transmission of a 
susceptibility to rheumatic fever, it is interesting 
to consider whether every susceptible individual 
will ' necessarily develop rheumatic fever, or 
whether the development of the disease is de- 
pendent on other factors. By analogy with other 
human hereditary diseases, either hypothesis is 
possible. From what we know of the disease, the 
latter is more likely, namely, that other contribut- 
ing factors are involved, such as environment and 
exposure. 

The influence of environment in its relation to 
the occurrence of rheumatic fever in susceptible 
individuals, cannot be completely discussed from 
our studies. Selection from a clinic obviously 


excluded rheumatic families of the well-to-do 
where the disease is relatively infrequent. Fam- 
ilies living in localities in which the incidence of 
the disease is believed to be low, are not repre- 
sented. It is, however, evident from our ob- 
servations that in these rheumatic families living 
in New York City, unfavorable environmental 
conditions were not the determining factor influ- 
encing the familial incidence of the disease. The 
incidence of rheumatic fever in one-third of the 
families living under relativel}’- favorable environ- 
mental conditions was comparable to that ob- 
served in two-thirds of the families where the 
environmental conditions were more unfavorable. 
(These observations are in accord with the re- 
port of the British Medical Research Council 

( 4 ).) 

Should comparable studies of the familial inci- 
dence of rheumatic fever 'in families of the well- 
to-do, living under more favorable climatic condi- 
tions, reveal a diminished incidence of the disease 
among susceptible individuals of tlie family, a 
preventive therapeutic method 'would be available 
in this disease. 

Our observations cannot be said to exclude the 
factor of contagion. The data secured, however, 
is not consistent with the expectation of most con- 
tagious diseases. 

In the study of the spread of tuberculosis in 
families, Opie (17) found that in families where 
there are open cases of tuberculosis, contact re- 
sulted in twice the number of positive cases as did 
exposure to latent or negative sputum cases, and 
the incidence for extra-familial exposure w'as far 
less than either. 

A comparable analysis of the spread of rheu- 
matic fever in our families reveals that, unlike 
tuberculosis, no direct relation can be demon- 
strated between type and source of exposure and 
resulting disease. The analogy, however, is not 
strictly comparable since it is based on the as- 
sumption that the etiological agent was present m 
the nasopharynx of rheumatic individuals during 
activity and possibly carried during quiescence. 
It is conceivable that the virus may be present m 
the respiratory passages for only a short time, i 
at all. Had we been able to culture a virus from 
these individuals, different results might ha^e 
been obtained. 



RHEUMATIC FEVER AS A FAMILIAL DISEASE 


569 


Many observers believe that rheumatic fever 
may be spread only during a 'respiratory infec- 
tion preceding rheumatic activity. The compa- 
rable incidence of rheumatic activity following 
“ active ” and “ inactive ” exposure, would not 
support this view. It is reasonable to suppose 
that the acquisition of rheumatic fever may be 
dependent on the exposure of the susceptible in- 
diwdual to an etiological agent that 'is widespread 
in this geographical environment. 

In recent years the view that rheumatic fever 
is an allergic or immunological response 'of sus- 
ceptible individuals to specific or nonspecific 
agents, has been stressed. The evidence pre- 
sented of an hereditary susceptibility to rheumatic 
fever would seem to favor this hypothesis. It 
must, however, be stated that conclusive evidence 
in support of this concept has not yet been pre- 
sented. 

SUMMARY 

1. There is presented a consideration of the 
role of environment, contagion and heredity as 
factors responsible for the familial incidence of 
rheumatic fever in 112 families, observed over a 
period ranging from 3 to 18 years. 

2. There did not appear to be a direct relation 
between the environments studied and the inci- 
dence of rheumatic fever. One-third of the 112 
families lived under relatively favorable environ- 
mental conditions, and two-thirds lived under un- 
favorable environmental conditions. In the for- 
mer group the incidence of rheumatic siblings was 
53 per cent, as compared with 46 per cent in the 
latter group. 

3. There was no direct relation between the 
type and source of exposure and the resulting ac- 
tivity. The incidence of rheumatic fever follow- 
ing “ active exposure,” and " inactive exposure ” 
was comparable. Intimate contact (“ familial 
exposure ”) and casual contact (" extra-familial 
exposure”) were equally ’effective. 

(a) Only 21 per cent of 968 person years of 
“ active exposure ” could be related to subsequent 
rheumatic activity. 

(b) In a total of 55 families with rheumatic 
parents, in 47 per cent, activity followed “ active 
e.xposure ” ; in 53 per cent, activity followed “ in- 
active exposure.” 

(c) In 57 families with non-rheumatic parents. 


in 57 per cent, activity followed “ extra- familial 
exposure ” (casual contact) ; in 43 per cent, ac- 
tivity followed “ familial exposure ” (intimate 
contact) . 

(d) The interval between “ active ” or “ in- 
active” exposure and the onset of rheumatism 
was 1 year in 20 per cent ; 2 to 5 years in 49 per 
cent; and 6 to 11 years in 31 per cent. 

4. The 227 rheumatic siblings experienced 588 
calendar years of rheumatic activity. Of these 
years, 159, or 27 per cent, were simultaneous 
years of rheumatic activity. 

(a) The interval between the related mani- 
festations was: 1 month, 29 per cent; 1 to 2 
months, 24 per cent ; 2 to 11 months, 47 per cent. 
Three-fourths of the related manifestations of 
rheumatic activity were between joint pains and 
other rheumatic manifestations. One-fourth of 
the related manifestations were between poly- 
arthritis, carditis and chorea. In 66 per cent the 
interval between these major manifestations was 

2 to 11 months. 

5. In 51 families, 59 parents (mother or fa- 
ther) were rheumatic; 44 per cent experienced 
rheumatic activity during the lifetime of the sib- 
lings. In no instance did a negative parent ac- 
quire the disease. The incidence of rheumatic 
siblings was comparable in families with a rheu- 
matic mother or father. 

6. Of 112 rheumatic families, 49 per cent had 
parental rheumatism. In only 28 per cent of the 
families were parents and pedigree on maternal 
and paternal sides apparently negative. 

(a) Of a total of 468 siblings over the age of 

3 years, 48 per cent were rheumatic; 46 per cent 
males and 54 per cent females. 

7. All identical twins cited (4 pairs) were alike 
in having rheumatic fever. Of the 12 pairs of 
fraternal twins, 5 pairs had similar incidence, i.e., 
both positive or both negative, and 7 pairs had 
dissimilar incidence. 

8. A genetic analysis of the data corrected for 
size of family gave agreement between observed 
and expected values. 

(a) For children of 58 pairs of negative pa- 
rents, the observed incidence was 94, the expected 
value 88. 

(b) For children of 37 positive mothers, the 
observ'ed incidence was 90, the expected value 86. 
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(c) For children of 29 positive fathers, the 
observed and expected incidence were respectively 
29 and 27.9. 

(d) The hereditary mechanism involved was a 
single autosomal recessive gene. Dominance, in- 
volving one or more genes, and recessives involv- 
ing two or more genes, as well as sex linkage were 
all excluded. 

CONCLUSION 

1. These studies indicate that there is an he- 
reditary factor distributed among the population 
which makes the 'bearer susceptible to rheumatic 
fever. This factor is transmitted as a single 
autosomal recessive gene. 

2. The exact role of environment and con- 
tagion in the acquisition of the disease by suscep- 
tible individuals cannot be determined from these 
studies. 

3. Hereditary susceptibilit}' would seem to de- 
termine the familial incidence of rheumatic fever, 
but may not necessarily be the sole condition es- 
sential for the development of the disease. 
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The possibility that Banti’s syndrome may be 
the result of some common factor operating 
within the portal system is suggested by the 
variety of disturbances that appear to be asso- 
ciated with this clinical picture (1, 2, 3, 4, 5, 6). 

From a study of a relatively large number of 
patients presenting this syndrome of anemia, 
leukopenia and thrombocytopenia with spleno- 
megaly, we were impressed by the possibility that 
a common factor might be increased portal vein 
pressure. We observed the Band syndrome in 
association with cirrhosis of the liver, with partial 
and progressive obstruction of the splenic vein by 
neoplasms and thrombi, and in the later stages of 
schistosomiasis infestation. Portal hypertension 
might conceivably be present in all and portal 
hypertension might be a factor common to all. 

If portal hypertension is a factor it should be 
possible to determine its presence and to measure 
its degree by direct readings at operation. Ob- 
servations on the splenic vein pressure have now 
been made in 15 cases by inserting the needle of 
the venous pressure apparatus into the splenic 
vein after delivery of the spleen and before liga- 
tion of any of the larger splenic vessels. 

It is important to have the level of the venous 
pressure manometer adjusted to the cardiac level 
before the operation is started. It is also impor- 
tant to be sure that the readings are taken without 
excessive traction on or distortion of the splenic 
vessels. 

In several of the 15 cases studied technical 
surgical difficulties interfered, and the results are 
open to question. In two instances the exact 
clinical diagnosis remained doubtful even after 
operation and microscopic study of the liver and 
spleen. 

There have been, however, 8 cases of Banti’s 
s}'ndrome in which the associated lesion could be 
definitely established and in which accurate venous 
pressure readings were obtained. In addition 


there have been 3 cases of hemolytic jaundice to 
serve at least as a beginning of a control series. 

Of the 8 cases with Banti’s syndrome in 3, the 
splenomegaly was associated with chronic infesta- 
tion by schistosoma Mansoni. In the schisto- 
somiasis cases Banti’s syndrome appeared gradu- 
ally with slowly progressive splenic enlargement 
and slowly progressive anemia, leukopenia and 
thrombocytopenia. In all, sections of the re- 
moved spleen showed the diffuse fibrosis and the 
perifollicular congestion that is typical of the 
Banti type of splenomegaly, and liver biopsy re- 
vealed the typical schistosomal type of liver cir- 
rhosis with remnants of ova in the periportal 
spaces. In all, splenectomy was followed by a 
prompt return of the blood values to normal. 


TABLE I 

Splenic vein pressure in 3 cases of Banti’s syndrome 
associated with chronic schistosomiasis 


Case 

Splenic vein 
pressure 

Simultaneous ann 
vein pressure 


mm. HtO 

mm. BiO 

1. P.R.... 

2S0 

50 

2. A.E.... 

335 

i05 

3. G.P,... 

500 

70 


Splenic vein pressure readings were obtained in 
5 cases of Banti’s syndrome associated with the 
Laennec type of liver cirrhosis. 


TABLE n 

Splenic vein pressure in 5 cases of Bonn's syndrome 
associated with Laennec’ s cirrhosis 


Case 

Splenic vein 
pressure 

Simultaneous ann 
venous pressure 


mm, HiO 

mm. /7iO 

4. C.M.... 

275 

12 

5. G. M.... 

325 

85 

6. D. P.... 

450 

125 

7. L. DeR.. 

275 

105 

8. N. A 

470 

140 


Three cases of typical hemolj'tic jaundice scr\'c 
as the only controls we have as yet been able to 
study. 
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TAllLE m 

Splenic vein pressure in 3 eases of typical hemolytic jaundice 


C.asc 

Splenic vein 
pressure 

SlmiiUancoUB nrin 
venous pressure 


mm. //;0 

mm. IhO 

9. R. B 

105 

80 

10. N. B 

125 

130 

11. W. U.. . . 

120 

85 


DISCUSSION 

The relatively great increase in splenic vein 
pressure in cases presenting Banti’s syndrome 
when compared with the venous pressure simul- 
taneously recorded in the arm suggests that portal 
hypertension may be an important factor in the 
production of the chronic splenomegaly. 

The use of cases of hemolytic jaundice as con- 
trols is, of course, not entirely satisfactory, but 
the fact that in 3 instances the splenic and arm 
vein pressure were approximately the same sug- 
gests that portal hypertension is not a factor in 
this disease. 


The importance of obtaining pressure readings 
in' patients with cirrhosis but without spleno- 
megaly is appreciated, and data on patients with 
chronic passive congestion due to cardiac failure 
would be of interest. The difficulties involved in 
obtaining such measurements are obvious. 
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Early in the course of an investigation of the 
principle in liver effective in pernicious anemia 
certain observations suggested the possibility that 
the therapeutic activity of liver extract might de- 
pend upon the presence of several chemically dis- 
tinct substances. The evidence for this view was 
the fact that continued purification of therapeuti- 
cally active liver extract, in the absence of sig- 
nificant losses and of destructive procedures, 
resulted in partial or complete extinction of 
therapeutic activity. On the other hand, the ad- 
mixture with such highly purified materials of 
other fractions derived from liver extract re- 
sulted in the recovery of therapeutic activity. 
These latter fractions we have termed accessory 
factors, for they appeared to augment the activity 
of the primary factor (or factors), while in the 
absence of the primary factor they were thera- 
peutically inert. This communication describes in 
detail the observations mentioned above, part of 
which have already been presented in a prelim- 
inary report (1). 

METHODS AND MATERIALS 

The patients studied were suffering from clas- 
sical Addisonian pernicious anemia in relapse. 
Complications such as severe combined system 
disease and hemorrhage were absent. No infec- 
tions occurred during the periods of observations, 
except for cystitis in three patients (Cases 7, 9, 
and 12, Table I). During the prolonged periods 

1 Presented in part at the meeting of the American 
Society for Clinical Investigation, Atlantic City, May 6, 
1935. 

- This investigation has been supported by Therapeutic 
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sociation; by grants from the DeLamar Mobile Research 
Fund and the Proctor Fund of the Harvard Medical 
School, by a grant from the Ella Sachs Plotz Foundation, 
and by a grant from the William F. Milton Fund of 
Harvard University. 


of study the patients’ diet was of a mixed type, 
including meat or fish once daily, but devoid of 
yeast, liver, kidney, and tripe. Prior to the ad- 
ministration of therapeutically active fractions the 
blood level of each patient was established by ade- 
quate control periods, as noted in Table I. 


Crude liver extract 
from 100 grams fresh liver 


Fraction A 
(/-tyrosine) 
yield : 6 mgm. 


Fraction B 
(ethyl alcohol elute) 


Fraction C 
(complex purine) 
yield: 11 mgm. 


Fraction D 


Fraction F 
(peptide) 
yield : 14 mgm. 


Fraction E 
(alcohol-ethcr 
precipitate) 
yield ; 20 mgm. 


Fraction A 
yield: 1.2 mgm. 

Fraction C 
yield: 0.6 mgm. 


Fraction H 
(alcohol-ether 
precipitate on 
Fuller’s earth 
filtrate) 

yield: 20 mgm. 


Fraction I Fraction I 
yield : 2 mgm. yield : 2 mgm. 


Fraction F 
yield: 14 mgm. 


Fig. 1. Derivation of Purified Liver Fractions 


The percentage of reticulocytes in the capillary 
blood was estimated by the wet method, 1000 
erythrocytes being counted. Erythrocyte, hemo- 
globin, and hematocrit determinations were made 
on venous blood drawn without stasis, and ren- 
dered incoagulable by heparin. The number of 
erythrocjdes was determined witli pipettes and 
counting-chambers certified b}' the Bureau of 
Standards. The volume'of packed red blood cells 
was measured in the Wintrobe hematocrit. The 
hemoglobin was determined b3' the Stadic-Wu 
method (12). The reticulocj-tes were counted 
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TAIILK I 


Data of J'igurc 2 




S-i 









C.alcidated 
nmmint of 


Controi 

period 

Curve 

c 

a 

'Srs 
u o 

a i 


Date of period 


Fractions .'ulmlnistcred 

primary- 
fraction 
administered 
per day 

Rate of administration 

pre- 

cedins 

admin- 

istraticin 

■ 

■ 

■ 


E 

n 

A 

c 

0 

IHHi 




1 

days 




lolof numlirr Ernms 
Jresh livtr from which 
exiroci derived 

grams fresh liver 
from which 
extract derived 


days 

1 

1 

20 

Dec. 18, 1935 to Jan. 

7, 1936 



m 

m 


10 

Evcr>' 2d day 

1 

2 

2 

30 

April 16 

to Maj' 

16, 1936 


900 

0 

0 

900 

30 

Ever}'^ lOth day 

2 

3 

: 3 

1 28 

1 

April 17 

to May 

15, 1936 


300 

300 

300 

0 

11 

Every 10th day 

m 

4 

3 

15 

April 2 

to April 17, 1936 


370 

0 

0 

0 

25 

Single 

1 

5 

4 

30 

j Dec. 28, 1935 to Jan. 

27, 1936 

300 

1 

no 

200 

■ 

10 

Every' 2d day 

lOt 

6 

4 

9 

Dec. 19 

to Dec. 

28, 1935 

100 

i 

0 

0 

■ 

11 

Every 2d day 

1 

7 

S 

14 

Mar. 20 

to April 

3, 1936 


100 

0 

0 

100 

7 

Single 


8 

1 

20 

Feb. 5 

to Feb. 

25, 1936 

200 

i 

■ 

200 

1 

10 

Every 2d day 


9 

6 

18 

Dec. 9 

to Dec. 

27, 1935 1 

1 

240 

■ 

0 

0 

■ 

13 

Every 2d day 

10 

10 


8 

April 30 

to May 

8, 1936 


100 

100 

100 

100 

13 

1 

Single 

7 

11 

4 

10 

Jan. 27 

to Feb. 

6, 1936 

100 

■ 

100 i 

100 

1 

10 

Every 2d day 

40t>? 

12 

3 

24 

Sept. 27 

to Oct. 

21, 1935 

240 

1 

240 

240 

■ 

10 

Every 2d day 

3 

13 

9 

8 

1 

May 1 

to May 

9, 1936 


100 * 

100 

100 

100 ! 

13 


11 

14 

1 

20 ! 

Jan. 7 

to Jan. 

27, 1936 

200 


300 

200 


10 

Every 2d day 

21t 

15 

10 

10 

June 5 

to June 15, 1936 


100 

100 

100 

100 

10 

Single 

75 

16 

1 

21 

Oct. 11 

to Nov. 

1, 1935 

200 


200 

200 


10 

Every 10th day 

6 

17 

12 

41 

1 

Oct, 2 

to Nov. 12, 1936 

1 

600 

600 

600 

600 

15 

Every 2d day during 
first 20 days, every 
10th day thereafter 

29 

18 

13 

14 

Oct. 25 

to Nov. 

8, 1935 

100 


100 

100 


7 

Single 

22 

19 

2 

27 

May 16 

to June 12, 1936 


300 

300 

300 

300 

11 

Every 10th day 

32i 

20 

1 

16 j 

1 

Feb. 25 

to Mar. 

12, 1936 

100 

■ 

100 

100 

■ 

6 

Every 2d day during 
first 8 days 

m 

21 

1 

16 

Mar. 23 

to April 

8, 1936 

100 

1 

1 

100 

1 

6 

Every 2d day during 
first 8 days 

m 

22 

6 

12 

Dec. 27, 1935 to Jan. 

8, 1936 

170 

■ 


11 

■ 

14 

Every 2d day 

28t 


* 100 mgm. Fraction A orally daily. 

1 1.0 gram Fraction A orally daily. 

J Includes preceding experimental period. 
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daily and the venous blood constituents were stud- 
ied, in most cases, on alternate days. 

The derivation from commercial liver extract 
(Fraction G of Cohn et al. (2) ) of the materials 
discussed in this communication is presented in 
Figure 1. In this figure the fractions containing 
the primary factor are depicted by heavy type. 
They are Fractions B, D, E, H, and I. The de- 
tails of the preparation of Fractions A, B, and C 
have been previously described (3, 4). From 
Fraction D the primary factor has been brought 
down in both of the amorphous fractions E and 
H. From Fraction D, also, was separated Frac- 
tion F (an accessory factor) by precipitation with 
rhodanilic acid (5). The sources of primary fac- 
tor discussed in this communication are Fraction 
E and Fraction H. While Fraction E contains 
both primary factor and Fraction F, as well as 
very small amounts of Fractions A and C, Frac- 
tion H, although amorphous, is completely devoid 
of Fractions A, C, or F. Fraction I was obtained 
from either Fraction E or from Fraction H, by 
precipitation with Reinecke salt and subsequent 
regeneration, as a microcrystalline sulfate in a 
yield of 2 mgm. from 100 grams of fresh liver 
(6). Studies of the therapeutic action of Frac- 
tion I will be presented in a later communication. 

The accessory factors are represented by Frac- 
tions A, C, and F. Fraction A, obtained in a 
yield of 6 mgm. from 100 grams of liver, has been 
identified as /-tyrosine (3). In most of the ex- 
periments recorded below crystalline commercial 
/-tyrosine (Kahlbaum or Eastman Kodak) has 
been employed instead of Fraction A isolated 
from liver. Fraction C, obtained in a yield of 11 
mgm. from 100 grams of liver, has been identi- 
fied as a complex purine (3) and was admin- 
istered in a crystalline state. Fraction F, a pep- 
tide, was prepared either directly from Fraction 
D or from Fraction E, in a yield of 14 mgm. from 
100 grams of liver (5), and has been administered 
as a regenerated crystalline rhodanilate. 

Throughout the experiments recorded below 
Fractions E (with the exception of the material 
administered to Patient 10, Table I) and H have 
been obtained from the same original supply of 
each fraction prepared in a large amount. The 
following quantities of the various fractions have 
been administered, as derived from 100 grams of 


fresh liver: Fraction A, 11 mgm.; Fraction C, 
6 mgm.; Fraction 'F, 14 mgm.; Fraction E, 20 
mgm. ; and Fraction H, 20 mgm. 

Unless otherwise noted, all of the fractions 
were sterilized by boiling for one minute on the 
weakly acid side (alkaline to methyl red and acid 
to phenol red), and were administered by intra- 
muscular injection. 

The therapeutic activity of the primary factor, 
with and without the accessory factors 

The therapeutic activity of the primary factor 
without ^ the three accessory factors, administered 
as either Fraction E or H, was studied in six pa- 
tients during nine periods of observation. These 
fractions were administered during periods vary- 
ing from nine to thirty days in length, in amounts 
derived from 7 to 30 grams of liver per day. The 
effects of these fractions upon erythrocyte produc- 
tion are depicted in the left-hand part of Figure 2. 
The primary factor as either Fraction E or H, to- 
gether with the three accessory factors, was ad- 
ministered to eleven patients during thirteen pe- 
riods of observation from eight to forty-one days 
in length, in amounts derived from 6 to 15 grams 
of liver per day. Included among these latter 
patients were four to whom had been previously 
administered primary factor without the accessory 
factors. In the right-hand part of Figure 2 are 
depicted the individual erythrocyte regeneration 
curves following the administration of the pri- 
mary factor together with the three accessory fac- 
tors. The fractions administered, the amounts, 
and other relevant data bearing upon these eryth- 
rocyte regeneration curves are noted in Table I. 

It is evident from inspection of Figure 2 that, 
in the absence of the three accessory factors, the 
effect of either Fraction E or H upon erythrocyte 
production (with the exception of Curve 2; vide 
infra) was either slight and of short duration 
(Curves 1, 3, 4, 7, 9), or was entirely lacking 
(Curves 5, 6, 8). On the other hand, after the 
administration of the primary factor together with 
Fractions A, C, and F, the erythrocyte responses 
showed a high degree of activity. 

® Although Fraction E contains Fraction F, and verj* 
small quantities of Fractions A and C (Figure 1), for 
the purpose of the present discussion it is considered in 
conjunction svith Fraction H. Fraction H is completely 
devoid of Fractions A, C, and F. 
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Fig. 2. ERYTHRogyrE Regeneration Curves Following the Administration of Pri- 
mary Factor with Incomplete and with Complete Accessory Factors. Fractions Ad- 
ministered, 'Quantities, AND Other Data Contained in Table I 


TABLE II 

Comparative reticulocyte responses to primary factor ruith and without accessory factors 


^ 


Primary factor with incomplete accessory factors 

Primary factor co 

accessory factors 

mplcte 

Fraction 

E 

H 

H 

E 

H 

E 

H 

E 

E 

H 

Patient 

1 

2 

3 

4 

5 

6 

7 

8 

11 

12 

Curve number in Figure 2 

1 

2 

4 

5 

7 

9 

10 

12 

16 

17 

Total amount fresh liver from which 
extract derived, grams 

100 

300 

370 

100 

100 j 

200 

100 

100 

100 

igjgig 


—20 grams 
every 2d 
day* 

Single 

dose 

Single 

dose 

—20 grams 
every 2d 
day 

Single j 
dose 1 

—40 grams 
every 2d 
day 

Single 
dose j 

1 

—20 grams 
every 2d 
day 

Single \ 
dose 

every 2ci 


R.B.C. at beginning, millions per cu. mm. 

0.93 

1.05 

1.32 

1.44 

I.6S 

2.62 

0.86 

1.15 

1.56 


R.B.C. at end, millions per cu. mm 

1.19 

1.58 

1.69 

1.32 

2.05 

2.73 

1.60 

2.08 

2.46 


Reticulocytes at peak, per cent 

7.8 

31.0 

16.4 

3.0 

9.8 

4.4 

24.6 

25.0 

23.8 


Predicted reticulocyte peak, per cent 

34 

31 

25 

24 

20 

9 

35 

28 

21 


Day of reticulocyte peak 

6th 

6th 

7th 

6th 

6th 

8th 

5th 

7th 

4th 


Length of period, days 

10 

10 

10 

9 

10 

9 

8 

10 

9 



* The abbreviation —20 stands for “derived from 20 grams of liver.” 
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All of the curves of Figure 2 are represented in 
the average erythrocyte regeneration curves of 
Figure 3. To facilitate interpretation the curves 
representing initial erythrocyte levels below 2.0 
million have been averaged separately from those 
representing initial levels above 2.0 million. It is 
evident that the administration of the primary 
factor, together with Fractions A, C, and F, re- 
sulted in a rate of eiythrocyte regeneration mark- 
edly greater than that produced by the primary 
factor in the absence of all three of the accessory 
factors, despite the administration, in the latter 
instance, of considerably larger quantities of pri- 


mary factor. Indeed, the administration of both 
primary and accessory factors resulted in a rate 
of erythrocyte production closely approximating 
that induced by the intramuscular administration 
of an identical average daily dosage (derived from 
11 grams of liver) of a commercial liver extract 
recently studied by Murphy (7). 

Data concerning reticulocyte production follow- 
ing the administration of the primary factor alone 
were obtained in six patients, whose initial eryth- 
rocyte levels permitted a possible reticulocyte re- 
sponse, These observations are presented in Ta- 
ble II. For comparison there are included the 



Fig. 3. Averages of All Erythrocyte Regeneration Curves Contained in 
Figure I, at Two Different Initial Erythrocyte Levels 
The number of separate experiments included in each average is represented 
by the numerals directly above each cun'e; the periods corresponding to these 
numerals are defined by the small vertical lines. The quantity at the end of 
each curve denotes the calculated average daily amount, in terms of fresh liver 
from which the extract was derived, of primarj’ fraction administered. 
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Fig. 4. Erythrocyte Response to Administration of Massif Amount 
( — 300 Grams Every Tenth Day) of Primary Factor with Incomplete 
Accessory Factors (Patient 2) 

This erythrocyte regeneration curve is superimposed on the curves of Fig- 
ure 3, for comparison with average response to administration of smaller amount 
of primary factor together with complete accessory factors. See text. 


predicted reticulocyte peaks, based upon unpub- 
lished data of the authors, following the intra- 
muscular injection of commercial liver extract 
derived from 100 grams of liver. It is evident 
that Fraction E or Fraction H, when administered 
in an amount derived from 100 or 200 grams of 
liver, during the first ten days, induced markedly 
submaximal reticulocyte responses, regardless of 
the rate of administration (single dose in Patient 
5, divided doses in Patients 1, 4, and 6). After 
the administration of a massive amount of Frac- 
tion H (derived from 300 grams of liver) a maxi- 
mal response followed in Patient 2, but an even 


larger amount (derived from 370 grains of liv^O 
administered to Patient 3 was followed by ^ ^ 

maximal response. On the other hand, 
patients treated with moderate amounts of 
tions E or H, together with the three 
factors, the reticulocyte responses were approx 
mately maximal. (See Table II.) 

The effects of massive amounts of the prinio y 
factor with incomplete accessory factors 

The therapeutic effects of large amounts of 
primary factor alone were studied during a 
longed period in one patient. The erytiroc 
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regeneration curve of this case (Patient 2) is 
included in Figure 2 (Curve 2), and is also pre- 
sented in Figure 4, in order to facilitate compari- 
son with the average erythroc 3 'te regeneration 
curves of Figure 2. To this patient (Figure 4) 
at an initial erythrocyte level of 1.05 million, were 
administered Fractions H and F, each derived 
from 300 grams of liver, in a single dose. The 
same amount of each fraction was again admin- 
istered on the tenth and on the twentieth days, 
totaling material derived from 900 grams of liver 
during thirty days. The reticulocyte response 
was maximal, reaching a peak of 31.0 per cent on 
the sixth day. During the first ten days the 
erythrocytes rose to 1.58 million, by the thirtieth 
day they reached a level of 2.5 million. It is ap- 
parent, from the data of Figure 4, that the eryth- 
rocyte response to the administration of large 
amounts ( — 30 grams per day) ^ of the primary 
factor, without the three accessory factors, was 
not as great as the average erythrocyte response to 
smaller amounts ( — 11 grams per day) of pri- 
mary factor together with the accessory factors. 
At the end of this period Fractions H, A, C, and 
F, each derived from 100 grams of liver, were 
administered to this patient, and the same dosage 
was repeated on the tenth and on the twentieth 
days. The erythrocytes continued to rise, reach- 
ing a count of 4.0 million on the twenty-seventh 
day (Curve 19, Figure 2). 

The augmentative action of each accessory factor 

In the studies described above all three of the 
accessory factors, Fractions A, C, and F, were 
administered together with the primary factor 
(Fraction E or H). That each of these fractions 
may act as an accessory factor was suggested by 
certain indirect evidence (1). Direct evidence 
for this view was furnished by the following 
observations. 

The administration of an adequate amount of 
primary factor together with Fractions C and F, 
but with an incomplete amount of Fraction A, 
was followed, in two patients, by no eiy^throcyte 
response. To Patient 4 (Curve 5, Figure 2), at 
an initial erythrocyte level of 1.3 million, were 
administered on alternate days Fractions E — 20 

* The abbreviation — 30 grams per day stands for 
“derived from 30 grams of liver per day.” 


grams (derived from 20 grams of fresh liver), 
C — 10 grams, and A — 2 grams, during the 
first ten days; during the second ten days the 
dosage on alternate days was E — 20 grams, C 
— 10 grams, and A — 10 grams ; and during the 
last ten days, E — 20 grams, C — 20 grams, and 
A — 10 grams. It is seen that even after the in- 
crease of Fraction C, in the absence of a complete 
amount of Fraction A, during the last ten days, 
the erythrocytes continued to fall, reaching 0.95 
million. To the patient were then administered 
on alternate days doses of Fractions E — 20 
grams, C — 20 grams, and A — 20 grams, during 
the following ten days, and, as depicted in Curve 
11, Figure 2, the erythrocytes rose to 1.34 million, 
accompanied by clinical improvement. Similar 
observations were made in Patient 1, at an initial 
erythrocyte level of 2.54 million. As shown in 
Figure 6, to this patient were administered on 
alternate days doses, during a period of twenty 
days, of Fractions E — 20 grams and C — 20 
grams, as well as 100 mgm. of tyrosine (Fraction 
A), orally, daily. The erythrocytes remained 
stationary. In the next succeeding period the 
same amounts of Fractions E and C were con- 
tinued, but Fraction A — 20 grams, was ad- 
ministered on alternate days by intramuscular in- 
jection. A satisfactory erythrocyte response 
promptly followed. 

The accessory action of Fraction C, in the pres- 
ence of an adequate amount of the other factors, 
was suggested by the following observations upon 
Patient 1, presented in Figure 5. During these 
observations over a period of forty days Fraction 
E — 20 grams was administered on alternate days. 
During the first twenty days Fraction C — 2 
grams was also administered at the same rate. 
During the first ten days no additional Fraction 
A was injected (other than that contained in 
Fraction E ; see Figure 1). It is seen that during 
this first period the reticulocytes rose to a peak of 
9.2 per cent on the eighth day, followed bj' a rise 
of erythrocytes from 0.92 million to 1.2 million. 
Slight clinical improvement took place. During 
the second period of ten daj’s. Fraction A — 20 
grams, administered on alternate days, was added 
to the previous dosage of Fractions E and C. In 
response to these materials the reticulocytes did 
not continue to fall, but rose again to a peak of 9 
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Fig. 5. Patient 1. Fraction C as an Accessory Hematopoietic Factor 
The quantities above each period refer to the amounts of fractions injected on the days denoted by each 
arrow. Throughout the four periods Fraction E ■ — 20 grams was administered on alternate days. Dur- 
ing the first two periods Fraction C — 2 grams was administered on alternate days. There were only 
slight reticulocyte and erythrocyte responses in the first period in the absence of Fraction A and no fur- 
ther erythrocyte rise in the second period after addition of Fraction A — 20 grams on alternate days. 
The increase of Fraction C to — 20 grams in the third period resulted in the greatest rise of reticulocytes 
and satisfactory rise of erythrocytes, continuing in the fourth period. 


per cent; the erythrocytes remained stationary, 
and the clinical condition was unchanged. Dur- 
ing the third period the dosage of Fraction C on 
alternate days was increased from — 2 to — 20 
grams, while the same amounts of Fractions K 
and A were continued. A third and distinctly 
orderly reticulocyte response, with a maximum of 
12.4 per cent on the fourth day, was induced, and 
the erythrocytes rose from a level of 1.2 million 
to one of 2.0 million. Marked clinical improve- 
ment accompanied the changes in the blood. Dur- 
ing the fourth period of ten days the continued 
administration on alternate days of the same frac- 
tions, except for an increase of the dosage of 
Fraction A from — 20 to — 40 grams, was ac- 


companied by a continued rise of the erythrocytes. 
Thus the continuous administration of primal 
factor, as Fraction E, together with Fraction > 
but with minimal amounts of Fraction C, induce 
only slight reticulocyte and erythrocyte response^ 
A ten-fold increase in the amount of Fraction ^ 


(third period. Figure 5), however, was 


followed 


by a reticulocyte response of greater mag 
and by a satisfactory gain of erythrocytes. 


nitude, 

That 


Fractions E, A, and C, each derived from ^ 
grams of liver, were therapeutically more effectiv 
than Fractions E — 20, A — 20, and C 
suggested in view of the discussion of ou 
reticulocyte responses by Minot and Castle ( 

The accessory action of Fraction F, lo 
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presence of the primary factor together with 
Fractions A and C, was indicated by the following 
observations. To Patient 3 (Curve 4, Figure 2) 
at an ‘initial erythrocyte level of 1.3 million was 
administered a single dose of Fraction H — 370 
grams. (It is to be recalled that Fraction H, in 
contrast with Fraction E, is completely devoid of 
Fractions A, C, and F.) During the following 
fifteen days the erythrocytes rose slightly but 
then receded to a final value of 1.28 million. 
During the succeeding twenty-eight days (Curve 
3, Figure 2), to Fraction H — 100 grams were 
added Fractions A — 100 grams and C — 100 
grams. These amounts were administered every 
tenth day. On the seventh day the reticulocytes 
rose to a peak of 24.4 per cent, followed by a rise 
of the erythrocytes to 1.93 million on the eighth 
day. Thereafter, the erythrocytes rose no fur- 
ther, and by the twenty-eighth day had declined 
to 1.78 million. At this point commercial liver 
extract was administered, followed by rapid rise 
of the erythrocytes. Thus, in the complete ab- 
sence of Fraction F, Fractions H, A, and C in- 
duced a rise of erythrocytes of only 0.5 million 
during a period of twenty-eight days. On the 
other hand, after the addition of Fraction F, 
Fractions H, A, and C, administered in similar 
dosage, induced satisfactory erythrocyte responses 
in five other patients (Curves 10, 13, 15, 17, and 

19, Figure 2). 

The inactivity of 'the accessory factors in the ab- 
sence of the primary factor 

In Table III are presented data concerning the 
negative therapeutic activity of the three accessory 
factors. Fractions A, C, and F, in the absence of 
the primary factor. After the administration of 
the stated amounts of accessory factors in a single 
dose observations of the reticulocytes and of the 
erythrocytes were made during periods ranging 
from seven to twenty days. In subsequent pe- 
riods either commercial liver extract, or partially 
purified experimental liver extract, was admin- 
istered, with resulting satisfactory responses in 
each case. It is seen that neither Fractions A, 
C, or F individually or together (Patients 10, 

20, and 21, Table III) induced significant rises 
of reticulocytes or erythrocyte responses, in pa- 
tients who subsequently reacted to the administra- 
tion of crude liver extracts. 


Parenterally contrasted with orally administered 
tyrosine as an accessory factor 

The experimental evidence discussed above, 
that as little as 6 mgm. of /-tyrosine (Fraction 
A — 100 grams liver) , when administered by 
intramuscular injection, acted as an accessory fac- 
tor, is difficult to reconcile with the apparent fact 
that the patients who formed the subjects of this 
investigation derived several grams of tyrosine 
daily from ingested protein. The patients con- 
sumed a normal amount of protein, severe diar- 
rhea was absent, no gross evidence of defective 
protein digestion was manifest, and during the 
experimental periods most of the patients gained 
in weight. 

In the hope of throwing some light on this prob- 
lem the following study was undertaken. Patient 
1, following the observations recorded in Figure 
5, remained without treatment for one week, dur- 
ing which the erythrocyte level 'remained stable. 
The experiment presented in Figure 6 was then 
instituted. During the first period of twenty days 
Fractions E — 20 grams and C — 20 grams were 
administered on alternate days. During this pe- 
riod also 100 mgm. of commercial /-tyrosine was 
administered orally every day. No change in the 
patient’s clinical condition took place, and during 
the twenty days the erythrocytes rose from 2.55 
million to only 2.65 million. During the first ten 
days of the following period the administration 
on alternate days of the same basic fractions, E 

— 20 grams and C — 20 grams, was continued, 
but only 1.2 mgm. of tyrosine (A — 20 grams) 
was injected intramuscularly on alternate days. 
However, a sharp rise of the erythrocytes to 3.48 
million in sixteen days ensued, accompanied by 
clinical improvement. 

During the nineteen days following the last 
treatment the erythrocytes declined to 2.72 mil- 
lion. At this point the same basic fractions E 

— 20 grams and C — 20 grams were adminis- 
tered, and continued on alternate days for ten 
days. During this period 1.0 gram of tyrosine 
was ingested daily. An erj'throcyte response 
promptly followed, reaching in sixteen days 3.48 
million. It is evident that the slope of the 
erythrocyte cur\-e following the daily oral ad- 
ministration of 1.0 gram of ty'rosine is veo' simi- 
lar to that following the parenteral administra- 
tion on alternate days of 1.2 mgm. of rixosine. 



TABLE III 

The inactivity of the accessory factors in the absence of the primary factor 
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DAYS AFTER BEGINNING ADMINISTRATION 


Fig. 6. Patient 1. Paeenterally Contrasted with Orally Administered Tyrosine (Frac- 
tion A) AS AN Accessory Hematopoietic Factor 
The quantities above each period refer to the amounts of fractions injected on the days de- 
noted by each arrow. Fractions E and C were injected at a uniform rate in each of three 
periods. There was no erythrocyte response during the first period of twenty days while 
100 ragm. of tyrosine was administered orally daily, followed by satisfactory rise of erythro- 
cytes in the second period after 1.2 mgm. tyrosine was injected on alternate days. Following 
cessation of treatment, erythrocites declined to previous level. In the third period, there was 
another satisfactory erythroci^e response after daily oral administration of 1.0 gram tyrosine. 


It is thus suggested by these data that in this 
particular patient, at least, 1(X) mgm. of tyrosine 
ingested daily in addition to the tyrosine derived 
from the diet, was not equivalent in accessory 
hematopoietic activity to 0.6 mgm. (per day) of 
parenterally administered tyrosine, while a tenfold 
increase of the orally administered tyrosine was 
as active as the injected tyrosine. 

DISCUSSION 

The obserY’^ations described above suggest that 
the complete therapeutic action of relatively crude 
liver extract in pernicious anemia w'as induced 
only by the presence in the extract of several 
chemically distinct substances. The evidence for 


this hypothesis has been derived partly from data 
concerning reticulocyte production, but principally 
from data concerning erythrocyte regeneration 
during prolonged periods. One fraction has been 
termed a primary factor, the other fractions ac- 
cessory factors. The primary factor alone, when 
administered in an amorphous impure state (Frac- 
tions E or H), exerted at most only a moderate 
therapeutic effect. The accessoiy factors (Frac- 
tions A, C, and F) were indiYudually and collec- 
tively completely inert. On the other hand, the 
administration of the primaiy' factor together 
with the three accessory factors was followed b}' 
satisfactory clinical improvement and by a rapid 
rate of erythrocyte regeneration. 
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It might be assumed that the satlsfactorj' thera- 
peutic activity of the four fractions together de- 
pended upon additive effects of a substance com- 
mon to all. That this is unlikely is evidenced by 
the data of Table III. Fractions A, C, and F 
were individually and collective!}' administered in 
amounts sufficiently great, so that had there been 
contamination with the primar}' factor a response 
would have occurred. All of the evidence, rather, 
suggests that Fractions A, C, and F augmented 
the activity of a primary factor. Furthermore, it 
might be assumed that the entire therapeutic ac- 
tivity of liver extract resides in a single substance, 
and that the inadequate effects of our primary 
factor were due to the administration of insuffi- 
cient amounts. Against this interpretation is the 
fact that even after the administration of an 
amount of primary factor derived from as much 
as 30 grams of liver per day (Curves 2 and 4, 
Figure 2), instead of the usual dosage of extract 
derived from 10 grams of liver per day, the result- 
ing clinical and hematopoietic effects were inferior 
to those that followed the administration of 
smaller amounts ( — 10 grams) of primary fac^ 
tor, together with like amounts of the three acces- 
sory factors. 

We do not possess evidence that all possible 
accessory factors in crude liver extract are repre- 
sented by Fractions A, C, and F. Nor do the 
present experimental data permit the conclusion 
that the four factors described are sufficient to 
induce a complete clinical and hematopoietic re- 
mission, and to maintain such a remission over a 
prolonged period. The longest periods over 
which continued observations have been made are 
the following. Patient 2, treated with Fractions 
H, A, C, and F, reached an erythrocyte level of 
4.0 million in 27 days (Curve 19, Figure 2) . Pa- 
tient 12, whose course is depicted in Figure 2 
(Curve 17), was treated with Fractions H, A, C, 
and F ; at 'the end of 60 days the erythrocytes 
numbered 4.46 million. 

Observations in one patient presented above 
have indicated that the accessory hematopoietic 
action of Z-tyrosine (Fraction A), parenterally ad- 
ministered in an amount no greater than 0.6 mgm. 
per day, surpassed that effected by the tyrosine 
presumably derived from ingested protein, to- 
gether with a daily oral ration of 100 mgm. of 


/-tyrosine. These contrasting effective dosages 
might be due to cither defective absorption of 
orally administered tyrosine, to abnormal destruc- 
tion of tyrosine in the intestine, or to an abnor- 
mality of utilization of absorbed tyrosine. No 
data arc at hand which bear on these possibilities. 

The minimal quantities of all four factors that 
induce a satisfactory response have not been de- 
tennined. With Fraction E as the primary fac- 
tor the smallest total dosage administered was 26 
mgm. of solids per 10 days (Figure 2, Curve 18). 
With Fraction PI as the primary factor the small- 
est dosage administered was 51 mgm. of solids, 
per 10 days (Figure 2, Curve 15). 

The above quantities are of interest in relation 
to the purified liver extracts recently described by 
other workers. Very similar amounts, of total 
solids (per 10 days), with resulting satisfactory 
initial erythrocyte gains, were administered by 
Dakin, Ungley and West (9). On the other 
hand, Strandell, Poulsson and Schartum-Hansen 
(10) have recently reported hematopoietic re- 
sponses following the use of purified amorphous 
material consisting of 0.35 mgm. of solids de- 
rived from 100 grams of liver, material that was 
prepared by Laland and Idem (H)- Strandell 
and his collaborators administered this material to 
four patients, in the following dosages : Case I, , 
total of 2.1 mgm. over a period of 42 days; Case 
11, 2.1 mgm. over a period of 32 days; Case Ilh 
0.7 mgm. over a period of 9 days ; and. Case IV, 
0.7 mgm. over a period of 10 days. Although 
these authors conclude that 0.7 mgm. of their 
material “ has a very good antianemic effect 
their data, in our opinion, do not entirely sub- 
stantiate this conclusion. Thus in Case I, al- 


though no initial erythrocyte count is given, on 
the seventh day the erythrocytes numbered 1.28 
million, rising to 3.30 million at the end of 
days, a distinctly submaximal response. In Case 

II the initial count is given as 0.91 million, rising 
to 2.1 million on the sixth day, but reaching only 
2.45 million on the thirty-second day. In Case 

III the erythrocytes rose from 1.24 million to 
1.4 million in 9 days. In Case IV the erythro 
cytes rose from 1.19 to 1.42 million in 10 da}S. 
These data, it seems to us, though indicating some 
therapeutic activity, are similar to the responses 
induced by our primary factor, in the absence o 
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the accessory factors (Figures 2 and 3). It has 
already been pointed out that the material of La- 
land and Klem shows certain chemical similarities 
to our Fraction I, derived from the primary fac- 
tors, Fractions E or H (6). 

SUMMARY AND CONCLUSIONS 

Studies of the therapeutic activity of purified 
liver extract in pernicious anemia suggest that the 
hematopoietic effect may be exerted by an aug- 
mentative action of at least three chemically dis- 
tinct accessory factors upon the activity of a 
primary factor. Of the three known accessory 
factors one is 1-tyrosine, another contains a' com- 
plex purine, and the third is a peptide. The ac- 
cessory factors are completely devoid of the 
primary factor, and without the addition of the 
primary factor are therapeutically inert. The 
primary factor has been studied in an amorphous 
state. Its chemical nature is undetermined. 
Without the addition of the three accessory fac- 
tors the primary factor is therapeutically only 
slightly active. 

The authors gratefully acknowledge the cooperation of 
i pany physicians in making this study possible. Our spe- 
cial thanks are due to Dr. H. L. Blumgart and to Dr. A. 
V. Bock of Boston for their placing of patients at our 
disposal; to Dr. E. P. Joslin of the New England Dea- 
coness Hospital, to Dr. C. S. Westcott and Dr. H. A. 
Lawson of the Rhode Island Hospital, and to Dr. W. B. 
Castle of the Thorndike Memorial Laboratory of the 
Boston City Hospital, for permitting observations on 
patients at their institutions ; and to Dr. Paul Reznikoff 
of the New York Hospital and to Dr. J. H. Lawrence of 
the Strong Memorial Hospital, Rochester, N. Y., for 
kindly carrying out experiments. Drs. George R. Minot 
and William B. Castle have made many helpful sugges- 
tions during the course of the work and in the prepara- 
tion of the manuscript. The authors are also indebted 
to Miss Ruth Sullivan and to Miss Jane Bryant for 
careful technical assistance. 


BIBLIOGRAPHY 

1. Fiske, C. H., Subbarow, Y., and Jacobson, B. M., The 

multiple nature of the pernicious anemia principle 
in liver. J. Clin. Invest., 1935, 14, 709. 

2. Cohn, E. J., Minot, G. R., Fulton, J. F., Ulrichs, H. 

F., Sargent, F. C, Weare, J. H., and Murphy, W. 
P., The nature of the material in liver effective in 
pernicious anemia. 1. J. Biol. Chem. (Proc.), 
1927, 74, Ixix. 

3. Subbarow, Y., Jacobson, B. M., and Fiske, C. H., The 

separation of the substances in liver which are 
reticulocytogenic in the guinea pig and which are 
therapeutically effective in experimental canine 
black tongue. New England J. Med., 1935, 212, 
663. 

4. Subbarow, Y., Jacobson, B. M,, and Fiske, C. H., A 

partially purified liver extract therapeutically ef- 
fective in pernicious anemia. New England J. 
Med., 1936, 214, 194. 

5. Subbarow, Y., and Jacobson, B. M., Chemical studies 

of the pernicious anemia principle in liver. J. Biol. 
Chem. (Proc.), 1936, 114, cii. 

6. Subbarow, Y., Jacobson, B. M., and Prochownick, V., 

Studies of the pernicious anemia principle in liver. 
HI. The isolation and properties of a substance 
with primary therapeutic activity. J. Am. Chem, 
Soc., 1936, 58, 2234. 

7. Murphy, W. P., Treatment of pernicious anemia with 

intramuscular injections of a highly concentrated 
solution of liver extract. Am. J. M. Sc., 1936, 
191, 597. 

8. Minot, G. R., and Castle, W. B., The interpretation of 

reticulocyte reactions : their value in determining 
the potency of therapeutic materials, especially in 
pernicious anemia. Lancet, 1935, 2, 319. 

9. Dakin, H. D., Ungley, C. C., and West, R., Further 

observations on the chemical nature of a hemato- 
poietic substance occurring in liver. J. Biol. Chem., 
1936, 115, 771. 

10. Strandell, B., Poulsson, L., and Schartum-Hansen, 

H., Experiments to isolate the antiancmic principle 
of the liver. Clinical part. Acta med. Scandinav., 
1936, 88, 624. 

11. Laland, P., and Klem, A., Experiments to isolate the 

antianemic principle of the liver. Chemical part. 
Acta med. Scandinav., 1936, 88, 620. 

12. Peters, J. P., and Van Slyke, D. D., Quantitative Qin- 

ical Chemistry. II. Methods. Williams and Wil- 
kins Co., Baltimore, 1932. 



584 


UKUNARD M. JACOBSON AND Y. SUBBAKOW 


It might be assumed that the satisfactory thera- 
peutic activity of the four fractions together de- 
pended upon additive c/Tects of a substance com- 
mon to all. That this is unlikely is evidenced by 
the data of Table III. Fractions A, C, and F 
were individually and collectively administered in 
amounts sufficiently great, so that had there been 
contamination with the primary factor a response 
would have occurred. All of the evidence, rather, 
suggests that Fractions A, C, and F augmented 
the activity of a primar}'’ factor. Furthermore, it 
might be assumed that the entire therapeutic ac- 
tivity of liver extract resides in a single substance, 
and that the inadequate effects of our primary 
factor were due to the administration of insuffi- 
cient amounts. Against this interpretation is the 
fact that even after the administration of an 
amount of primary factor derived from as much 
as 30 grams of liver per day (Cur\^es 2 and 4, 
Figure 2), instead of the usual dosage of extract 
derived from 10 grams of liver per day, the result- 
ing clinical and hematopoietic effects were inferior 
to those that followed the administration of 
smaller amounts ( — 10 grams) of primary fac- 
tor, together with like amounts of the three acces- 
sory factors. 

We do not possess evidence that all possible 
accessory factors in crude liver extract are repre- 
sented by Fractions A, C, and F. Nor do the 
present experimental data permit the conclusion 
that the four factors described are sufficient to 
induce a complete clinical and hematopoietic re- 
mission, and to maintain such a remission over a 
prolonged period. The longest periods over 
which continued observations have been made are 
the following. Patient 2, treated with Fractions 
H, A, C, and F, reached an erythrocyte level of 
4.0 million in 27 days (Curve 19, Figure 2) . Pa- 
tient 12, whose course is depicted in Figure 2 
(Curve 17), was treated with Fractions H, A, C, 
and F ; at 'the end of 60 days the erythrocytes 
numbered 4.46 million. 

Observations in one patient presented above 
have indicated that the accessory hematopoietic 
action of /-tyrosine (Fraction A), parenterally ad- 
ministered in an amount no greater than 0.6 mgm. 
per day, surpassed that effected by the tyrosine 
presumably derived from ingested protein, to- 
gether with a daily oral ration of 100 mgm. of 


/-tyrosine. These contrasting effective dosages 
might be due to either defective absorption of 
orally administered tyrosine, to abnormal destruc- 
tion of tyrosine in the intestine, or to an abnor- 
mality of utilization of absorbed tyrosine. No 
data are at hand which bear on these possibilities. 

The vtininiol quantities of all four factors that 
induce a satisfactory response have not been de- 
tcmiined. With Fraction E as the primary fac- 
tor the smallest total dosage administered was 26 
mgm. of solids per 10 days (Figure 2, Curve 18). 
With Fraction PI as the primar)' factor the small- 
est dosage administered was 51 mgm. of solids, 
per 10 days (Figure 2, Curve 15). 

The above quantities are of interest in relation 
to the purified liver extracts recently described by 
other workers. Ver)' similar amounts of total 
solids (per 10 days), with resulting satisfactor}' 
initial erythrocyte gains, were administered by 
Dakin, Ungley and West (9). On the other 
hand, Strandell, Poulsson and Schartum-Hansen 
(10) have recently reported hematopoietic re- 
sponses following the use of purified amorphous 
material consisting of 0.35 mgm. of solids de- 
rived from 100 grams of liver, material that was 
prepared by Laland and Idem (11)* Strandell 
and his collaborators administered this material to 
four patients, in the following dosages: Case I,, 
total of 2.1 mgm. over a period of 42 days; Case 
II, 2.1 mgm. over a period of 32 days; Case Hk 
0.7 mgm. over a period of 9 days ; and. Case IV, 
0.7 mgm. over a period of 10 days. Although 
these authors conclude that 0.7 mgm. of their 
material “ has a very good antianemic effect 
their data, in our opinion, do not entirely sub 
stantiate this conclusion. Thus in Case I, ri 


though no initial erythrocyte count is given, on 
the seventh day the erythrocytes numbered 1- 
million, rising to 3.30 million at the end of 
days, a distinctly submaximal response. In Case 

II the initial count is given as 0.91 million, rising 
to 2.1 million on the sixth day, but reaching ony 
2.45 million on the thirty-second day. Iri Case 

III the erythrocytes rose from 1.24 million to 
1.4 million in 9 days. In Case IV the eryUro 
cytes rose from 1.19 to 1.42 million in 10 ^7® 
These data, it seems to us, though indicating som 
therapeutic activity, are similar to the responses 
induced by our primary factor, in the absence 



LIVER PRINCIPLE EFFECTIVE IN PERNICIOUS ANEMIA. IV 


585 


the accessory factors (Figures 2 and 3). It has 
already been pointed out that the material of La- 
land and Idem shows certain chemical similarities 
to our Fraction I, derived from the primary fac- 
tors, Fractions E or H (6) . 

SUMMARY AND CONCLUSIONS 

Studies of the therapeutic activity of purified 
liver extract in pernicious anemia suggest that the 
hematopoietic effect may be exerted by an aug- 
mentative action of at least three chemically dis- 
tinct accessory factors upon the activity of a 
primary factor. Of the three known accessory 
factors one is 1-tyrosine, another contains a' com- 
plex purine, and the third is a peptide. The ac- 
cessory factors are completely devoid of the 
primary factor, and without the addition of the 
primary factor are therapeutically inert. The 
primary factor has been studied in an amorphous 
state. Its chemical nature is undetermined. 
Without the addition of the three accessory fac- 
tors the primary factor is therapeutically only 
slightly active. 
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There is still doubt concerning the role which 
vitamin C deficiency plays in pathological condi- 
tions, other than scurvy, which are characterized 
by vascular damage and a tendency to hemorrhage. 

In a previous communication (2) the writer 
presented a preliminary report of studies upon 
urinary excretion of vitamin C in some vascular 
diseases, as well as in normal individuals. The 
rate of excretion in normal cases was found to be 
between 0.03 and 0.05 mgm. per cc. of urine dur- 
ing the day period (less during the night) — ap- 
proximately that previously reported by Harris, 
Ray and Ward (1). 

The present paper is concerned with further 
studies upon the utilization and excretion of vita- 
min C in conditions associated with vascular dam- 
age, hemorrhagic tendencies, as well as in other 
pathological states. One hundred and twenty- 
seven patients and normal controls were studied. 

It seemed of interest to ascertain whether there 
is any change in the level of excretion in the 
normal individual when a quantity of vitamin C 
in excess of the usual average daily intake is ad- 
ministered. In order to eliminate the factor of 
variability in absorption or in destruction in the 
gastro-intestinal tract, the vitamin C was admin- 
istered intravenously. This method was used in 
the work previously reported by the author (2). 

METHOD 

In the earlier experiments presently reported 
the total 24 hour urinary excretion of vitamin C 
was first ascertained in each subject. On the 
following day, usually about 10 a.m., 100 mgm. 
of vitamin C (Merck) dissolved in S cc. of dis- 
tilled water was injected intravenously, and again 
the 24 hour output of vitamin C in the urine was 
measured. 

1 Aided by a grant from Nelson I. Asiel. Aided, also, 
by a grant donated in memory of Solomon Sassoon 
Benjamin. 


The results of these studies (Table I) indicate, 
1, that the 24 hour output of vitamin C is usually 
about 13 to 20 mgm., and that the average is be- 
tween 0.03 and 0.05 mgm. per cc. of urine during 


TABLE 1 

Influence of vitamin C injection on vitamin C output 


1 

Without 
intravenous | 
vitamin C 

On day of 
vitamin C 
injection 

Initials and remarks 

Total 

24 

hour 

out- 

put 

Average 

output 

per 

day- 

time 

voiding 

Output 
in 2 to 

3 hours 
after 
injec- 
tion 

Total 

24 

hour 

out- 

put 


mgm. 

mgm. 

mgm. 

^ mgm. 


NORMAL INDIVIDUALS 


c . w 

16.0 

3.8 

25.7 

45.0 

E. M 

21.0 

4.5 

25.0 

64.0 

M. F 

1 13.4 

4.0 

40.0 

63.0 

M. L 

21.0 

5.3 

1 

26.0 

60.0 

1 


ABNORMAL INDIVIDUALS 


T.H. 

Bleeding peptic ulcer. . . . 

7.7 

1.0 

1.0 

8.0 

A.W. 

Gonorrheal arthritis .... 

9.0 

1.6 

2.5 

13.0 

D.T. 

Luetic aortitis 

9.0 

1.5 

1.5 

9.0 

S.S. 

Carcinoma of bronchus. . 

9.1 

1.1 

2.1 

9.3 


the day period (being less during the night pe- 
riod). 2, In from 2 to 3 hours following the 
intravenous administration of 100 mgm. vitamin 
C, the excretion per cubic centimeter urine 
rises to about 6 times the pre-injection level. The 
total 24 hour output rises to 45 to 65 mgm. vita- 
min C. This means that in addition to the usual 
daily output, 30 to 50 per cent (or more) of the 
vitamin C injected is excreted in the urine within 
the first 24 hours. 3, In those cases in which the 
output of vitamin C in individual voidings falls 
much below 3.0 mgm. the total output for the 24 
hour period is considerably below the normal lev- 
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There is still doubt concerning the role which 
vitamin C deficiency plays in pathological condi- 
tions, other than scurvy, which are characterized 
by vascular damage and a tendency to hemorrhage. 

In a previous communication (2) the writer 
presented a preliminary report of studies upon 
urinary excretion of vitamin C in some vascular 
diseases, as well as in normal individuals. The 
rate of excretion in normal cases was found to be 
behveen 0.03 and 0.05 mgm. per cc. of urine dur- 
ing the day period (less during the night) — ^ap- 
proximately that previously reported by Harris, 
Ray and Ward (1). 

The present paper is concerned with further 
studies upon the utilization and excretion of vita- 
min C in conditions associated with vascular dam- 
age, hemorrhagic tendencies, as well as in other 
pathological states. One hundred and twenty- 
seven patients and normal controls were studied. 

It seemed of interest to ascertain whether there 
is any change in the level of excretion in the 
normal individual when a quantity of vitamin C 
in excess of the usual average daily intake is ad- 
ministered. In order to eliminate the factor of 
variability in absorption or in destruction in the 
gastro-intestinal tract, the vitamin C was admin- 
istered intravenously. This method was used in 
the work previously reported by the author (2). 

METHOD 

In the earlier experiments presently reported 
the total 24 hour urinary excretion of vitamin C 
was first ascertained in each subject. On the 
following day, usually about 10 a.m., 100 mgm. 
of vitamin C (Merck) dissolved in 5 cc. of dis- 
tilled water was injected intravenously, and again 
the 24 hour output of vitamin C in the urine was 
measured. 

1 Aided by a grant from Nelson I. Asiel. Aided, also, 
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The results of these studies (Table I) indicate, 
1, that the 24 hour output of vitamin C is usually 
about 13 to 20 mgm., and that the average is be- 
tween 0.03 and 0.05 mgm. per cc. of urine during 
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the day period (being less during the night pe- 
riod). 2, In from 2 to 3 hours following the 
intravenous administration of 100 mgm. vitamin 
C, the excretion per cubic centimeter <Si urine 
rises to about 6 times the pre-injection level. The 
total 24 hour output rises to 45 to 65 mgm. vita- 
min C. This means that in addition to the usual 
daily output, 30 to 50 per cent (or more) of the 
vitamin C injected is excreted in the urine within 
the first 24 hours. 3, In those cases in which the 
output of vitamin C in individual voidings falls 
much below 3.0 mgm. the total output for the 24 
hour period is considerably below the normal lev- 
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els. 4, When there is no acute rise in excretion 
following the intravenous administration of vita- 
min C, the total output for the 24 hour period re- 
mains at about the same low level as on the pre- 
vious day, when no vitamin C was injected. 

It was therefore considered unnecessary to con- 
tinue to measure the total excretion of vitamin C 
for the entire 24 hour period. For the purposes 
of the investigation described here, the measure- 
ment of the total urinary excretion of vitamin C 
for about an 8 hour period during the day, in- 
cluding an approximately 6 hour period following 
intravenous 'injection, suffices to give a true indi- 
cation of the state of saturation of the body with 
vitamin C. 

To detennine the state of body saturation with 
vitamin C the following routine was adopted by 
the present writer. On the day of the test the 
subject is pennitted to have his or her usual 
meals, with the exception of citrus fruits and 
other foods containing vitamin C. There is no 
restriction of fluids. The urine is collected at 
about 9 a.m. and 1 1 a.m., and the vitamin C con- 
tent determined in each specimen. After the 11 
a.m. voiding, 100 mgm. vitamin C (cevitamic acid, 
or cebione, Merck) ^ dissolved in 5 cc. of distilled 
water was administered intravenously. The sub- 
ject then was requested to void only at about 1 :30, 
3 :30, and 5 :30 p.m. respectively, and the vitamin 
C content was again detennined. For the titra- 
tion of cevitamic acid, 2 : 6-dichlorophenolindo- 
phenol as used by Harris, Ray and Ward (1) was 
employed. No untoward symptoms were noted, 
although more than 200 intravenous injections 
were given. 

Since it was the purpose of this work to study 
subjects under normal conditions, no dietary re- 
strictions were placed upon them other than those 
stated above. 

The normal controls were chosen from among 
nurses, hospital internes, and laboratory techni- 
cians. 

It is seen from Table II that in each of the 9 
normal controls, following the intravenous ad- 
ministration of 100 mgm. of vitamin C, the ex- 
cretion rises to about 4 to 8 times the values found 
before the injections. 

2 The author wishes to express his appreciation to 
Merck and Co. for their generous cooperation in supply- 
ing us with the ascorbic acid required in these studies. 


TAPLE n 

hxjlucr.cc of vitamin C injection on vitamin C output 


Name 

Before 1 
Injection 
6:30 to 

11 a.m. 

After injection 

11 a.m. to 
1:30 pjn. 

1:30 to 
5:30 p.m. 


riQvi, 




NonstAL co.vtuols 


E. M 

3.0 

25.0 

M. K. 

0.0 

40. 

C. \V 

3.8 

25.7 

D. S 

6.0 

17.0 

M.L 

6.3 

20.0 

A. F. 

7.1 

31.0 

S.F. 

3.2 

24.0 

F. M 

4.4 

16.3 

L. C 

6.1 

10.2 




10.0 

7.0 

4.3 

7.0 

5.0 
9.2 

6.0 
6.0 
4.8 


pimrnius 



2.1 

3.2 

1.3 

3.0 

6.1 

2.0 

2.1 

4.1 

3.0 


2.0 

4.6 

T. G, Purpura hcmorrhnpca 

5.0 

32.0 


2.4 

8.3 


3.5 

4.1 


6.0 

19.0 


3.0 

5.0 

G. S. Purpura hamorrhapica 

2.0 

2.1 

1.7 

P* B. Purpura hcmorrhapica 

1.S 

1.4 



1.0 

2.6 

2.0 


1.8 

2.1 


2.7 

3.8 



1.9 

4.2 



6.5 

33.0 



2.9 

4.1 

2.4 

1.9 

2.4 


1.7 

8.1 


2.0 

1.8 


1.0 

2.0 


2.7 

3.1 



1.4 

3.0 

1.0 

2.0 

0.9 


1.5 

3.8 


1.2 

1.5 


3.6 

6.3 

3.3 

8.0 

5.3 


7.1 

23.0 


3.9 

38.2 


3.5 

6.2 

1.7 

1.4 

1.8 

1.1 


2.7 

r? 


2.1 

3.2 

2.1 

R. B. Metrorrhagia 

1.9 


H.B. 

M.G. 

D. C. 
L.N. 

E. C.. 


ACUTE LUPUS EHTTHEUATOSUS 



M. U. Acute glomerular nepliritis 
P. R. Acute glomerular nephritis 
E. C. Acute glomerular nephritis 
A. D. Aeute glomerular nephritis . 


W. O’B. Hypertensive, 
J. R. Hypertensive. 

H. R. Hypertensive. 

L. I. Hypertensive. 

B. M. Hypertensive. 

W. M. Hypertensive. 


NEPHnins 
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TABLE II — Continued 



Before 
iojccUoQ 
6:30 to 

11 a.m. 

i 

Alter Injection 

Name 

na.m.to 
1:30 pjn. 

1:30 to 
5:30 p.m. 

1 


mom. 

mom. 


ACUTE lUlEUUATIC IXVER 


D.R, 

1.0 

1.1 

1.6 

J.F. 

1.9 

2.3 

1.2 

J. V. 

2.1 

0.1 

2.0 

J, P. 

2.0 

4.1 

2.2 

G. G 

3.2 

8.4 

5.0 

p.c. 

2.0 

9.1 

1.8 

R. M 

1.1 

2.3 

1.0 

J.K 

2.7 

5.3 

3.1 

H.Z. 

1.7 

6.1 

2.9 

N.P. 

2.0 

1.9 

1.1 

F.D. 

2.8 

19.1 

2.0 

M. 8 

2.6 

3.1 

1.9 

S.S 

4.4 

20.2 

3.8 

M.H ! 

4.7 

19.8 

3.2 



BBEUUATOn) ABTHBITia 


I,.T. 

2.1 

3.0 

1.8 

D. H 

0.9 

2.0 

1.1 

C. S 

2.8 

11.3 

1.9 

M. Co 

3.1 

13.4 

2.0 

C. S 

0.9 

1.1 

1.0 

L. W. 

7.1 

23.0 

4.4 

M. D 

1.8 

2.1 

1.1 

M.R. 

3.4 

4.1 

2.8 

A.C. 

1.4 

1.9 

l.I 

R.M. 

1.4 

1.9 

0.9 

E. McG. 

1.1 

2.3 

1.4 

M.P. 

2.0 

2.1 

1.3 

T. S 

5.1 

18.4 

3.6 

J.R. 

1.9 

2.1 

1.4 

S.B 

2.3 

1.4 

1.8 

C. F 

1.8 

1.1 

1.6 

G. 8 

1.4 

2.0 

0,8 

F. B 

1.9 

7.1 

2.2 

E,L. 

1.0 

1.2 

1.1 

A.R. 

2.0 

2.1 

1,9 

H. A. 

1.7 

2.0 

1.1 

1.8. 

0.8 

0.9 

0.6 

F. C 

1.4 

1.1 

0.9 

J 8. 

2.0 

2.1 

1.8 



MUNDICa 



6,1 

37,0 

5.8 

J.F. Catarrhal 

3.9 

8.4 

4.4 

M. C. Catanhai 

5.6 

31.4 

6.1 

I. A. 

1.8 

3.2 

1.1 

T.R. 

2.0 

2,1 

1.8 

S.G. ■ 

1.1 

1.3 

1.0 

H.S. 

0.9 

2.3 

1.7 

M. Cr. 

6.3 

31.2 

5.8 

F.S. ' 

1.9 

2.9 

2.0 

E.H. 

2.4 

• 3.1 

1.8 

H.Sa. 

6.1 

39.0 

5.0 

J. 8. Poat-arsenobenzol 

1.1 

2.6 

1.4 

L. 0. Gnebophen 

7.2 

49.1 

8.1 


UTSCELtANEOCS CBOCP 


L. D. 

I I.I 

2.4 

1.3 

LL. 

5.6 

21.4 

4.7 

E.G. 

1.7 

2.3 

1.2 

W.K. 

1.7 

2.4 

1.1 

G G. 

1.3 

2.4 

1.3 

X. H. 

■1 

2.9 

1.5 


cu>nc COKTROLS 


M.T. 

Non-infected dog bite. 

1.2 

2.2 

1.1 

A. S. 

Bmall breast abscess 

2.5 

2.3 

0.9 

L.n. 

Lipoma of neck. 

0.8 

1.5 

1.0 

M. e. 

Trauma right arm 

1.4 

1.8 

1.1 

J. G. 

Hernia 

1.9 

3.9 

2.0 

E.T 

Luetic aortitis 

1.3 

3.0 

L7 


The pre-injection values for vitamin C excre- 
tion given in the first column in Table II are the 
averages of the values for the two voidings prior 
to the intravenous injection. 

From an average excretion of about 4.0 to 7.0 
mgm. of vitamin C prior to intravenous injection, 
the excretion rises, within 2 to 3 hours after in- 
jection, to levels of from 16.0 to 40.0 mgm. of 
vitamin C. The normal level is again reached in 
about 4 to 6 hours. 

The purpuras 

The knowledge that scurvy was associated with 
a dietary deficiency which may be corrected by 
the administration of lemons or limes antedates 
our knowledge of vitamins. 

The isolation and synthesis of vitamin C stimu- 
lated a renewed interest in other conditions which, 
like scurvy, are associated with vascular damage 
and tendency to hemorrhage. The possibility 
suggested itself to Szent-Gyorgyi (5) and others 
that the purpuras might be associated etiologically 
with a vitamin C deficiency. Some observers 
have even used vitamin C as a therapeutic agent 
in purpura, and have reported good results. 

Studies upon 29' cases of this type are recorded 
here. Included in this group are 19 cases of 
thrombocytopenic purpura, 3 cases of symp- 
tomatic purpura, and 3 cases of hemophilia. In 
addition, 4 cases of metrorrhagia in which no 
organic lesion could be demonstrated were studied 
with this group. 

In comparing the values for vitamin C excre- 
tion in normal persons, with those found in the 
group of purpuras studied, a significant difference 
is found. Table II. With few exceptions the ex- 
cretion is considerably lower in the purpuras than 
in normal individuals, being as low as 30 per cent 
of normal. 

Following intravenous administration of cevi- 
tamic acid, only 3 of the 19 cases of purpura 
showed a normal rise in urinary excretion of 
vitamin C. The values for excretion still re- 
mained considerably below the normal levels in 
the remaining 16 cases. 

It is noted that 2 of the 3 cases of hemophilia 
showed the normal rise in excretion following 
intravenous administration of vitamin C. 

None of the cases of metrorrhagia showed any 
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els. 4, When there is no acute rise in excretion 
following the intravenous administration of vita- 
min C, the total output for the 24 hour period re- 
mains at about the same low level as on the pre- 
vious day, when no vitamin C was injected. 

It was therefore considered unnecessary to con- 
tinue to measure the total excretion of vitamin C 
for the entire 24 hour period. For the purposes 
of the investigation described here, the measure- 
ment of the total urinary excretion of vitamin C 
for about an 8 hour period during the day, in- 
cluding an approximately 6 hour period following 
intravenous 'injection, suffices to give a true indi- 
cation of the state of saturation of the body with 
vitamin C. 

To determine the state of body saturation witli 
vitamin C the following routine was adopted by 
the present writer. On the day of the test the 
subject is permitted to have his or her usual 
meals, with the exception of citrus fruits and 
other foods containing vitamin C. There is no 
restriction of fluids. The urine is collected at 
about 9 a.m. and 1 1 a.m., and the vitamin C con- 
tent determined in each specimen. After the 11 
a.m. voiding, 100 mgm. vitamin C (cevitamic acid, 
or cebione, Merck) ® dissolved in 5 cc. of distilled 
water was administered intravenously. The sub- 
ject then was requested to void only at about 1 :30, 
3 :30, and 5 :30 p.m. respectively, and the vitamin 
C content was again determined. For the titra- 
tion of cevitamic acid, 2 : 6-dichlorophenolindo- 
phenol as used by Harris, Ray and Ward (1) was 
employed. No untoward symptoms were noted, 
although more than 200 intravenous injections 
were given. 

Since it was the purpose of this work to study 
subjects under normal conditions, no dietary re- 
strictions were placed upon them other than those 
stated above. 

The normal controls were chosen from among 
nurses, hospital internes, and laboratory techni- 
cians. 

It is seen from Table II that in each of the 9 
normal controls, following the intravenous ad- 
ministration of 100 mgm. of vitamin C, the ex- 
cretion rises to about 4 to 8 times the values found 
before the injections. 

2 The author wishes to express his appreciation to 
Merck and Co. for their generous cooperation in supply- 
ing us with the ascorbic acid required in these studies. 


TAPl.n II 

Injlucttcc of v:la7)}{n C itijcction on vitamin C output 


Name 

Before 

Inicetion 

C:30lo 

11 a.m. 

After injccb'on 

11 a.m. to 
l:30pjn. 

1:30 to 
5:30 p.ni. 


riffm. 




KOIUtAt COSTnOLO 


E. M 

3.0 

25.0 

M. r. 

0.0 

40. 

C. W 

3.8 

25.7 

D.S 

6.0 

17.0 

M.U 

6.3 

2G.0 

A. F. 

7.1 

31.0 

S.F. 

3.2 

24.0 

F. M 

4.4 

1C.3 

L. C 

6.1 

19.2 




10.0 

7.0 

4.3 

7.0 

5.0 
9.2 

6.0 
6.0 
4.8 


pnnrcius 



2.1 

3.2 

1.3 

3.0 

R. LaC, Purpura hemorrhneica 

2.0 

4.5 


5.0 

32.0 


A. N. Purpura homorrhnpica 

2.4 

8.3 


I. E. Purpura hemorrhopea 

3.5 

4.1 



0.0 

19.0 



3.0 

5.0 


G. S. Purpura licmorrhnpica 

2.0 

2.1 


F. B. Purpura hcmorrhapica 

1.8 

1.4 

1.8 

2.0 

1.1 

3.4 

4.1 

3.0 

2.4 

1.9 

1 2.4 

1 2.1 

E. G, Purpura hcmorrhapica 

1.0 

2.6 

M. M. Purpura hcmorrhapica 

1.8 

2.1 

F. Gr. Purpura hcmorrhnpica 

2.7 

3.8 


1.0 

4.2 


0.5 

33.0 


2.0 

4.1 


1.7 

8.1 


2.0 

1.8 


1.0 

1 2.0 


2.7 

3.1 


1.4 

3.0 

1.0 

2.0 

0.9 


1.5 

3,8 


1.2 

1.5 


3.0 

5.3 

23.0 

38.2 

3.3 

8.0 

5.3 


7.1 


3.0 


3.5 

6.2 

1.7 

3.2 

2.1 

1.7 

1.4 


2.7 

1.8 


2.1 

1.1 

R. B. Metrorrhagia 

1.0 


acute: lupus ebttheuatosus 




H. B 

1.0 

2.1 

6.1 

1.5 

3.0 

M. G 

2.2 

0.8 

D. C 

1.1 

2.0 

1.1 

1.0 

L. N 

1.8 

1.8 

E. C 

2.0 

2.1 

^ 


M. U. Acute glomerular nephritis 
P. R. Acute glomerular nephritis 
E. C. Acute giomerular nephritis 
A. D. Acute glomerular nephritis 


W. O’B. Hsfpertcnsive, 
J. R. Hypertensive, 

H. R. Hypertensive. 

L. I. Hypertensive. 

B. M. Hypertensive. 

W. M. Hypertensive. 


NEPHRITia 


1 4 

12.2 

3.1 

1.0 

0.0 

11.1 

1.6 

2.0 

3 2 

9.4 

sio 

2.0 

2.3 

1.5 

1.3 

20.5 

8.6 

3.9 

2.0 

1.4 


2.0 

1.3 

1.5 
1.1 

2.1 

6.8 

1.1 

3.6 
1.2 
1.9 
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TABLE II — Continued 



Before 
InJccUoR 
6:30 to 

11 

After Injection 

Name 

1 

1 

11 B.m. to 
1:30 pjn. 

1:30 to 
5:30 p.m. 


1 

mom. 

mom. 

mom. 


ACUTE RHEUMATIC TEVER 


D.R. 

1.0 

i.i 

1.6 


1.9 

2.3 

1.2 

J. V 

2.1 

0.1 

2.0 

J.p. 

2.0 

4.1 

2.2 

G. G 

3.2 

8.A 

5.0 

p. c 

2.0 

0.1 

1.8 

R, M 

1.1 

2.3 

1.0 

J.K. 

2.7 

6.3 

3.1 

B..Z. 

1.7 

0.1 

2.0 

N.P. 

2.0 

1.0 

1.1 

F. D. 

2.8 

19.1 

2.0 

M. S 

2.5 

3.1 

1.9 

6. S 

4.4 

20.2 

38 

M. H 

4.7 

10.8 

3.2 



BBEUUATOID ARTB&ma 


l.t. 

2.1 

3.0 

1.8 

d.h. 

0.9 

2.0 

1.1 

c. s 

2.8 

11.3 

1.9 

M. Co 

3.1 

13,4 

2.0 

C. S 

0.9 

1,1 

1.0 

L. W. 

7.1 

23.0 

4A 

M. D 

1.8 

2.1 

1.1 

M.R. 

3.4 

4.1 

2.8 

A, C 

1.4 

1.9 

1.1 

R. M 

1,4 

1.9 

0.9 

B. McG 

1,1 

2.3 

1.4 

M.P. 

2,0 

2.1 

1.3 

T. 8 

5.1 

184 

3.6 

J.R. 

1.9 

2.1 

1.4 

B. B 

2.3 

1.4 

1.1 

1,8 

n V 

1.8 

1.6 

G. S 

1.4 

2,0 

7.1 

0.8 

F. B 

1.9 

2.2 

B.U 

1.0 

2.0 

1.2 

2.1 

1.1 

A.R. 

1.9 

H. A. 

1.7 

2.0 

0.9 

1.1 

2.1 

1.1 

1. 8 

08 

0.6 

F.C. 

1.4 

0.9 

J. 8 

2.0 

1.8 



JAUNDICE 


M. B. t^cbopben 

6.1 

37.0 

5.8 

J. F. Catarrhal 

3.9 

8.4 

4.4 

M. C. Catarrhal 

6.8 

31.4 

6.1 

I. A. 

1.8 

3.2 

1.1 

T. H. ■ 

2.0 

2.1 

1.8 

6.G. 

1.1 

1.3 

1.0 

H.S. 

0.9 

2.3 

1.7 

M.Cr. ■ 

6.3 

31.2 

5.8 

F.a 

1.9 

2.9 

2,0 

E. H. 

2.4 

• 3.1 

1.8 

H.Sa. Carcinoma of pancreas 

6.1 

39.0 

5.0 

J. 8. Post-areenobenzol 

1.1 

2.6 

1.4 

L.O. Ciacbopben 

7.2 

49.1 

8.1 


MlSCELEANEOUa GROUP 


L. D. Addison's disease 

1 1.1 

2.4 

1.3 

L. L. Addison’s disease 

SA 

21.4 

4.7 

E.G. 

' 1.7 

2.3 

1.2 

W.K. 

1.7 

2.4 

1.1 

G G. 

1.3 

2.4 

1.3 

I.H. 

1 

2.9 

1^ 


CLINIC CONTEOlfl 


M. T. Non4nfccled doc bite 

1.2 

2.2 

1.1 

A. 8. Small breast abscess 

2.5 

2.3 

0.9 

L. H. Lipoma of neck 

0.8 

1.5 

1.0 

M. C, Trauma richt arm 

1.4 

1.8 

1.1 

J. G. Hernia 

1.9 

3.9 

2.0 

E. T Luetic aortitis 

1.3 

3.0 

1.7 


The pre-injection values for vitamin C excre- 
tion given in the first column in Table II are the 
averages of the values for the two voidings prior 
to the intravenous injection. 

From an average excretion of about 4.0 to 7.0 
mgm. of vitamin C prior to intravenous injection, 
the excretion rises, within 2 to 3 hours after in- 
jection, to levels of from 16.0 to 40.0 mgm. of 
vitamin C. The normal level is again reached in 
about 4 to 6 hours. 

The purpuras 

The knowledge that scurvy was associated with 
a dietary deficiency which may be corrected by 
the administration of lemons or limes antedates 
our knowledge of vitamins. 

The isolation and synthesis of vitamin C stimu- 
lated a renewed interest in other conditions which, 
like scurvy, are associated with vascular damage 
and tendency to hemorrhage. The possibility 
suggested itself to Szent-Gyorgyi (5) and others 
that the purpuras might be associated etiologically 
with a vitamin C deficiency. Some observers 
have even used vitamin C as a therapeutic agent 
in purpura, and have reported good results. 

Studies upon 29 cases of this type are recorded 
here. Included in this group are 19 cases of 
thrombocytopenic purpura, 3 cases of symp- 
tomatic purpura, and 3 cases of hemophilia. In 
addition, 4 cases of metrorrhagia in which no 
organic lesion could be demonstrated were studied 
with this group. 

In comparing the values for vitamin C excre- 
tion in normal persons, with those found in the 
group of purpuras studied, a significant difference 
is found. Table II. With few exceptions the ex- 
cretion is considerably lower in the purpuras than 
in normal individuals, being as low as 30 per cent 
of normal. 

Following intravenous administration of cevi- 
tamic acid, only 3 of the 19 cases of purpura 
showed a normal rise in urinary excretion of 
vitamin C. The values for excretion still re- 
mained considerably below the normal levels in 
the remaining 16 cases. 

It is noted that 2 of the 3 cases of hemophilia 
showed the normal rise in excretion following 
intravenous administration of ritamin C. 

None of the cases of metrorrhagia showed any 
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significant rise in excretion of vitamin C follow- 
ing intravenous administration of cevitamic acid. 

..... I 

Acute lupus erythematosus 

Because of the tendency to petechial and pur- 
puric hemorrhages, as well as the characteristic 
pathological changes found in the smaller blood 
vessels described by Baebr, Klemperer and Schif- 
rin (3) in cases of acute lupus erythematosus, it 
seemed possible that this group might in some 
manner be associated with disturbances in vita- 
min C metabolism. 

Studies upon 5 cases of acute lupus erythema- 
tosus are here presented. All of these cases went 
to a fatal termination. 

As seen from Table II, the average values for 
excretion of vitamin C in these cases was found 
to be between 1.0 and 2.0 mgni. vitamin C in each 
voiding, approximately 30 per cent of the values 
found in normal individuals. Following the in- 
travenous administration of 100 mgm. of vitamin 
C there was no rise in the urinary output of vita- 
min C. The values still remained considerably 
below levels found in normal individuals before 
intravenous administration of cevitamic acid. 

Glomerulonephritis and hypertension 

In the cases of purpura and more particularly in 
the cases of acute lupus erythematosus there oc- 
curs not infrequently a considerable degree of 
vascular damage in the kidneys. The question 
arises whether the low excretion of vitamin C in 
these cases could be ascribed to diminished ex- 
cretory activity of the damaged kidneys. Ac- 
cordingly, a group of 10 cases of acute glomerulo- 
nephritis and hypertension with renal vascular 
involvement was studied. The results of these 
studies (Table II) indicate that even such severe 
damage to the capillaries of 'the kidneys as is 
found in cases of acute glomerulonephritis is not 
necessarily associated with any decreased perme- 
ability of the kidneys for vitamin C. In 5 of the 
10 cases studied there is a rise in excretion of 
vitamin C following intravenous administration. 
In one of these 5 cases the rise is to 20.5 mgm. of 
vitamin C. In the other 4 cases the post-injec- 
tion levels range from 8.6 to 12.2 mgm. 


Rheumatic fever 

Rinehart ct al. (4) suggested that a vitamin C 
deficiency might be one of the etiological factors 
in the development of acute rheumatic fever. 
It was therefore considered of interest to study 
the vitamin C excretion in a group of cases of 
acute rheumatic fever. In Table II there are 
presented the results of these studies upon 14 
cases ranging in age from 12 to 49 years, and in 
varying stages of the 'disease. In 6 of the cases 
there is an increase in excretion of vitamin C 
following intravenous injection of 100 mgm. of 
ascorbic acid. While in some of these cases uri- 
nary excretion of vitamin C before intravenous 
injection is below normal, yet, following injec- 
tion, there are increases in output ranging up to 
about 7 times the pre-injection level. 


Rheumatoid arthritis 


In order to ascertain whether there is any sig- 
nificant difference in vitamin C metabolism be- 
tween the cases of acute rheumatic fever and 
rheumatoid arthritis, 24 cases of the latter group 
were studied. From Table II it is seen that of 
the 24 cases studied, only 4 showed a normal vita- 
min C excretion curve in the urine. The remain- 
ing 20 cases either had excretion levels consid- 
erably below normal, or had no rise in excretion 
following intravenous administration of vitamin 

C. 

Jaundice 


At present there is no satisfactory explanation 
for the enhanced tendency to bleed in cases of 
jaundice. The possibility suggests itself that m 
association with the greater or lesser degree of 
damage to the. liver some disturbance in vitarnm 
C metabolism might be concerned with the 
creased bleeding tendency. Studies of vitamin 
excretion were therefore made upon a group o 
13 cases of jaundice of various types. The re 
suits of these studies are given in Table IT 
5 of the cases, the vitamin C excretion test is 
apparently normal, while in the remaining 8 cases 
there is little or no rise in excretion following t le 
intravenous injection. No uniform disturbance 
of vitamin C metabolism 
these cases of jaundice, jf 
In Table II are given 
upon a 1 ' eous grou^ 




demonstrable m 
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of Addison’s disease, 2 cases of ulcerative colitis, 
1 case of peptic ulcer, and 1 case of non-tropical 
sprue. The vitamin C excretion tests in all but 
one case show a low vitamin C saturation. The 
exception is one of the cases of Addison’s disease 
which has a normal excretion curve. A vitamin 
C deficiency could have been anticipated in the 
intestinal cases (including the case of sprue) as a 
result of the dietary restrictions imposed in these 
cases. 

From the foregoing studies upon 115 subjects 
it is clear that abnormally low vitamin C excre- 
tion levels occur in a variety of pathological con- 
ditions. It should be evident, however, that the 
mere demonstration of an abnormally low vitamin 
C excretion level in a given disease is not ade- 
quate evidence that the disease is due to a vitamin 
C deficiency. 

The high incidence of low vitamin C satura- 
tion in many of the patients studied leads one to 
suspect that a large percentage of the population 
from which these clinic and ward patients are 
drawn is on a low vitamin C intake as a part of a 
general dietetic deficiency. It was therefore con- 
sidered desirable to study a group of patients 
from departments such as the orthopedic clinics 
and the surgical clinics, in order to ascertain 
whether they show any vitamin C deficiency as 
indicated by a low excretion level. 

Six patients were selected at random from the 
traumatic surgical clinic. These patients were 
chosen from a group which had no demonstrable 
vascular disease or tendency to hemorrhage, the 
conditions being fractures, other trauma, dog bite, 
etc. From Table II it can be seen that all of 
these patients have low excretion levels of vitamin 
C in the urine, with practically no rise following 
intravenous injection. These patients had a low 
vitamin C saturation level, although they had no 
clinical manifestations which could in any way 
be associated with a vitamin C deficiency. 

Observations following administration of orange 
juice to individuals showing a low level 
of vitamin C saturation 

The question arises whether the administration 
of vitamin C in the form of orange juice would 
suffice to remedy this subclinical degree of defi- 
ciency found in such a variety of conditions. In 


TABLE III 

Influence of vitamin C injection on vitamin C output 


Name 

Before course of 
orange juice 

After course of 
orange juice 

1 

Before 

injec- 

tion, 

6;30 

to 

Ua.m. 

After 

bjectioa 1 

Before 

injec- 

tion, 

6:30 

to 

11a.m. 

After 

mjecUou 

11 

a.m. 

to 

1:30 

p.m. 

1:30 

to 

5:30 

p.m. 

11 

a.m. 

to 

1:30 

p.m. 

1:30 

to 

6:30 

p.m. 


mom. 

mom. 

mom. 

mom. 

mom. 

mgm. 

M. T. Acute glomerular nephritis.. 

1.5 

.3.1 

1.1 ! 

5.3 

20.2 

4.8 

V. R. Acute Rlomerular nephritis . . 

2.0 

3.6 

1.4 

5.0 

17.6 

4.1 

M.K. Purpura hemorrhagica 

1.9 

4.2 

3.4 

4.9 

41.0 

5.1 

A.A. " - ■ ' — - ’ 

1.7 

8.1 

2.4 

3,1 

19.0 

1.8 

G.G. 

1.3 

2.4 

1.3 

6.0 

31.6 

6.K 

E.T. 

1.3 

.3.0 

1.7 

7.0 

40.2 

6.8 

E.F. 

1.2 

3.0 

1.3 

18.0 

75.2 

9.8 

E. C. Acute lupus erythematosus . 




2.3 

2.9 

1.9 

H, B. Acute lupus erythematosus . 




2.4 

6.1 

2.3 

M. G. Acute lupus erythematosus . 




2.2 

6.1 

2.0 


Table III are shown the results of the administra- 
tion of from 200 to 400 cc. of orange juice daily 
for 1 week to 7 patients. The saturation test in 
each of these cases shows practically no rise in 
excretion of vitamin C before the patients re- 
ceived orange juice. Following the administra- 
tion of orange juice for 1 week, the saturation 
curve in each of the 7 cases becomes normal. 
This indicates that these subjects became nor- 
mally saturated with vitamin C. 

Similar study of 3 of the cases of acute lupus 
erythematosus discloses a surprisingly different 
picture. Table III shows the results of these 
studies. One patient, M. G., had been receiving 
a high vitamin C diet including orange juice and 
grapefruit for more than two weeks. The sat- 
uration test shows practically no rise in excretion 
following intravenous administration. 

Another patient, H. B., received 200 mgm. 
cevitamic acid intravenously every day for 6 days, 
and was then given about 500 cc. of orange juice 
daily for more than 2 weeks. The vitamin C 
saturation test showed no rise in excretion, as 
shown in Table III. 

The third case, E. C., had been taking more 
than ordinarily adequate quantities of orange 
juice daily for several weeks. Nevertheless, tlie 
vitamin C saturation test sliowed an abnonnaliy 
low level of excretion. 

In the cases of lupus erj'thematosus, the vita- 
min C deficiency is apparently not remedied in the 
same manner as in tlie other types of cases stud- 



592 


PHILIP riNKLE 


iecl — that is, b)' saturating the patient with orange 
juice or administering cevitamic acid intrave- 
nously. 


DISCUSSION 

In an attempt to elucidate the problems of vita- 
min C metabolism it has been the object of these 
studies to answer, if possible, the following ques- 
tions: 1. Is there a relatively constant level of 
urinary excretion of vitamin C in normal ijidi- 
viduals on what is considered a well balanced 
diet? 2. Is there a change in the excretion level, 
following the administration of a definite amount 
of vitamin C to the normal sulijcct? 3. Under 
what conditions is the level of excretion signifi- 
cantly above or below the normal, and what is the 
response in such conditions to the administration 
of a similar quantit}' of vitamin C? 4, Do indi- 
viduals with hemorrhagic tendencies have char- 
acteristically abnormal vitamin C excretion levels? 
5. Are there other pathological conditions which 
are etiologically in some manner associated with 
an abnormal vitamin C excretion level? 

From the work of Harris et al. (1) and the 
corroborating results of this and the previous 
study (2), it would appear that 'in normals on the 
conventional well balanced diet, there is a reason- 
ably constant level of urinary excretion of vita- 
min C. 

The work presented in this paper and also in 
a previous communication (2) establishes, fur- 
thermore, that normally there is a characteristic 
rise in excretion of vitamin C in the urine fol- 
lowing the intravenous administration of 100 
mgm. of vitamin C (cevitamic acid). The ex- 
cretion level rises within about 2 hours, to about 

5 to 6 times the values found before injection. 
There is a return to the normal level in from 4 to 

6 hours following the injection. Because the ex- 
cretion in these subjects rises to a peak following 
intravenous injection, with a later fall to pre- 
injection level, it may reasonably be assumed that 
the vitamin C in their body is at a definite satura- 
tion level. 

These studies indicate also that there is a very 
large group in the ward and outpatient depart- 
ment population whose urinary excretion level of 
vitamin C is considerably below the normal. It is 
probable that these patients are representative of 
their group in the population. 


\Vhcn 100 mgm. of cevitamic acid is admin- 
istered intravenously to any of this group, a rise 
in excretion fails to occur. This, in the opinion 
of the writer, is due to the fact that their vitamin 
C level is considerably below the normal satura- 
tion Icv'cl — that there is a vitamin C deficiency. 
For that reason the test described here is desig- 
nated the vitamin C saturation test. Included in 
this group Tire persons with many types of clini- 
cal conditions whicli cannot be associated causally 
with a vitamin C deficiency. 

Since the isolation of vitamin C, many papers 
have been written in an effort to prove an etio- 
logical relationship between vitamin C deficiency 


and hemorrhagic diatheses such as purpura. 


Many claims of improvement or cure of purpura 
following treatment with vitamin C have been 
made on rather questionable evidence. The work 
presented in this paper indicates that in purpura, 
as well as in other conditions, there is an abnor- 
mally low level of vitamin C in the body au<l 
therefore a low level of excretion after intra- 
venous injection of a test dose. This degree of 
vitamin C deficiency is, as would appear from tlus 
study, not peculiar to purpura. It is questionable, 
therefore, whether this vitamin C deficiency is an 
important etiological factor in the development of 
purpura — and it is extremely unlikely that it can 
be the sole etiological factor. This under-satura- 
tion with vitamin C is quickly remedied whea 
orange juice is administered to these persons for 
a few days. This is shown by the fact that fo 
lowing intravenous injection of the test dose, the 
urinary excretion curve subsequently becomes 
normal. 

The conclusion seems inescapable that a fany 
large proportion of the population, as represente 
by the groups encountered in the wards and ou 
patient department of our hospital, suffers ro 
_ an undersaturation with vitamin C. This mio^^ 
be termed a subclinical vitamin C deficiency, 
most instances this is, undoubtedly, merely p3 
of a general dietary deficiency. 

It is not irrelevant, therefore, to sound a 
ing note to those who in their enthusiasm 
misinterpret the significance of this 
vitamin C deficiency in patients wdth 
other pathological conditions. Thus far 
logical role of vitamin C deficiency has been 
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onstrated in the case of scurvy only. There is 
not sufficient evidence to indicate that it alone 
plays a role in any other pathological condition 
characterized by bleeding tendency or by vascular 
disease. 

From the present studies there is a suggestion 
that the cases of acute lupus erythematosus may 
be associated with some disturbance in vitamin C 
metabolism. The 5 cases studied show a per- 
sistently low level of vitamin C excretion. Al- 
though 3 of these cases received an ordinarily suf- 
ficient quantity of orange juice to bring the satura- 
tion level to normal, these patients failed to re- 
spond in the same manner as did other patients 
thus treated. When patients with purpura and 
other conditions received orange juice daily for 1 
week, the vitamin C saturation in the body be- 
came normal, as indicated by the test. Of the 3 
cases of acute lupus erythematosus, one received 
large amounts of orange juice daily for several 
weeks ; a second of these received cevitamic acid 
intravenously for several days, followed by about 
500 cc. of orange juice daily for some weeks; and 
the third one had been receiving one or more 
oranges daily for six weeks. Quantities of vita- 
min C in excess of the amounts apparently suffi- 
cient to overcome vitamin C deficiency in all other 
pathological conditions studied did not suffice to 
accomplish such a result in these 3 cases of acute 
lupus erythematosus. 

The significance, if any, of this failure of the 
cases of acute lupus erythematosus to respond as 
do other cases cannot be appraised without fur- 
ther work. The daily administration of orange 
juice and the daily injection of cevitamic acid was 
not followed by any improvement in the disease. 

SUMMARY 

In the present paper are presented the results of 
studies of vitamin C saturation and excretion in 
the urine upon 127 subjects. Besides normal con- 
trols, the cases studied included purpura (both 
thrombocytopenic and symptomatic), acute lupus 
erythematosus, glomerulonephritis, acute rheu- 
matic fever, rheumatoid arthritis, and jaundice of 
varied etiology. 

1. A test for vitamin C saturation or subclini- 
cal deficiency is presented. 

2. In normal individuals the daily (24 hour) 
output of vitamin C is about 13 to 20 mgm. 


3. When 100 mgm. of vitamin C is injected 
intravenously in normal individuals there is a rise 
in output, within 2 to 3 hours, to an average of 
about 5 times the pre-injection levels. The peak 
of post-injection excretion of vitamin C reaches a 
level equal to, or considerably above the 13 to 20 
mgm, excreted normally in 24 hours, when no 
cevitamic acid has been administered intrave- 
nously. 

4. A large percentage of the population en- 
countered in the wards and outpatient depart- 
ment of the Hospital were found to have excre- 
tion levels of vitamin C in the urine considerably 
below that found in normal subjects living on an 
adequate mixed diet. When such individuals re- 
ceive 100 mgm. of vitamin C intravenously, there 
is practically no rise in urinary excretion of vita- 
min C. Similarly, degrees of subclinical de- 
ficiency could be demonstrated in purpura, and in 
patients with a variety of other diseases which 
were corrected by an adequate intake of orange 
juice for several days. 

5. It is therefore maintained that there is, as 
yet, no evidence to justify a conclusion that vita- 
min C deficiency has a causal relationship to any 
pathological condition other than scurvy. A low 
excretion level of vitamin C does not warrant the 
conclusion that vitamin C deficiency plays an etio- 
logical role in thrombocytopenic purpura or other 
conditions which manifest hemorrhagic tendencies. 

6. The persistently low excretion level of vita- 
min C in acute lupus erythematosus differs from 
that found in any other condition studied. 
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THE VOLUME-ELASTICITY RELATIONS OF THE 
AORTA TO PRESSURE AND AGE 

For the most part the study of the physiology 
of circulation has been confined to the heart and 
to a somewhat lesser extent to the peripheral blood 
vessels. The importance of the large central ves- 
sels as a functional unit of the cardiovascular 
apparatus has not been fully appreciated, chiefly 
because they have been looked upon merely as 
channels for the passage of blood from the heart 
to the periphery. But their relationship to the 
cardiovascular apparatus extends beyond this con- 
ception. By virtue of its inherent elastic prop- 
erties, the aorta and its main branches become an 
essential functional unit of the circulatory sys- 
tem and contribute to an appreciable extent in 
maintaining the efficiency of the circulation. We 
have sought in this present investigation to study 
the elasticity characteristics of isolated human 
aortas with a view of determining the effect of 
these responses to the work of the heart and, 
further, to obtain quantitative data regarding the 
readjustments that may occur in the aorta under 
conditions of hypertension and arteriosclerosis. 

Roy (1) in 1880, studied the relation between 
the internal pressure and the volumetric capacity 
of arteries by making direct physical measure- 
ments on isolated aortas of animals. By means 
of a series of curves, he showed that the aortic 
walls were most extensible at pressures corre- 
sponding (approximately) to their normal blood 
pressures, and that at higher pressures the ex- 
tensibility of the wall of the vessel was consider- 
ably impaired. In making his observations, he 
allowed 20 to 30 minutes for the intra-arterial 
pressure to rise from 0 to 200 mm. Hg. The 
reason for making his observ^ation slowly, was to 
reduce to a minimum any influence due to elastic 
“after-action” — the property of elastic tissue 
such as arteries to continue expanding for some 
time if the pressure or tension be constantly main- 


tained. Bramwell and Hill (2), in 1922, after 
measuring the slopes at various points on Roy’s 
curves, calculated the velocity of the pulse wave 
at various pressures. They found that the ve- 
locities, at pressures of 80 mm. Hg (equivalent 
to normal diastolic pressure in man), obtained 
from Roy’s work were lower than those observed 
in man. Bramwell and Hill (2) in discussing 
Roy’s method, stated, “ From a point of view of 
static effect of the diastolic pressure of the ar- 
teries, he (Roy) succeeded; from that, however, 
of the dynamic effects occurring in a rapid cycle 
of events associated with the pulse, his precau- 
tions aggravated the error and must have caused 
the increase of volume per millimeter of mercury 
to be much larger than that occurring in a rapid 
change of pressure.” They believed, therefore, 
that the velocities calculated from Roy’s work 
were low because of the effect of elastic “ after- 
action.” To eliminate the possibility of elastic 
“ after-action,” these investigators devised a 
means of measuring the pulse wave velocity di- 
rectly on isolated arteries (common carotid), and 
their results compared quite favorably with those 
observed in man. The vessels used in their 
study showed no microscopic postmortem evi- 
dence of arterial disease. Bramwell, Downing 
and Hill (3), in an attempt to arrive indirectly at 
a qualitative picture of arterial rigidity by nu- 
merical integration, constructed curves from their 
data relating total volume of an arteiy to the 
pressure inside it. They abandoned Roy’s 
method because it did not measure the sharp 
momentary increase of volume such as follows 
the heart beat. They obtained their mean nor- 
mal curve from a set of curves representing six 
normal individuals in the ages ranging from 8 to 
45 years. 

In this study, in order to obtain characteristic 
cur\'es for the various age groups instead of one 
cur\'e for the combined ages, the volume-elasticity 
characteristics of eighteen aortas were experi- 
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Roy (1) in 1880, studied the relation between 
the internal pressure and the volumetric capacity 
of arteries by making direct physical measure- 
ments on isolated aortas of animals. By means 
of a series of curves, he showed that the aortic 
walls were most extensible at pressures corre- 
sponding (approximately) to their normal blood 
pressures, and that at higher pressures the ex- 
tensibility of the wall of the vessel was consider- 
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allowed 20 to 30 minutes for the intra-arterial 
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reason for making his observation slowly, was to 
reduce to a minimum any influence due to elastic 
“after-action” — the property of elastic tissue 
such as arteries to continue expanding for some 
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tained. Bramwell and Hill (2), in 1922, after 
measuring the slopes at various points on Roy’s 
curves, calculated the velocity of the pulse wave 
at various pressures. They found that the ve- 
locities, at pressures of 80 mm. Hg (equivalent 
to normal diastolic pressure in man), obtained 
from Roy’s work were lower than those observed 
in man. Bramwell and Hill (2) in discussing 
Roy’s method, stated, “ From a point of view of 
static effect of the diastolic pressure of the ar- 
teries, he (Roy) succeeded; from that, however, 
of the dynamic effects occurring in a rapid cycle 
of events associated with the pulse, his precau- 
tions aggravated the error and must have caused 
the increase of volume per millimeter of mercury 
to be much larger than that occurring in a rapid 
change of pressure.” They believed, therefore, 
that the velocities calculated from Roy’s work 
were low because of the effect of elastic “ after- 
action.” To eliminate the possibility of elastic 
“ after-action,” these investigators devised a 
means of measuring the pulse wave velocity di- 
rectly on isolated arteries (common carotid), and 
their results compared quite favorably with those 
observed in man. The vessels used in their 
study showed no microscopic postmortem evi- 
dence of arterial disease. Bramwell, Downing 
and Hill (3), in an attempt to arrive indirectly at 
a qualitative picture of arterial rigidity by nu- 
merical integration, constructed curves from their 
data relating total volume of an artery to the 
pressure inside it. They abandoned Roy’s 
method because it did not measure the sharp 
momentary increase of volume such as follows 
the heart beat. They obtained their mean nor- 
mal curve from a set of curv'es representing six 
normal individuals in the ages ranging from 8 to 
45 years. 

In this study, in order to obtain characteristic 
cun'es for the various age groups instead of one 
curve for the combined ages, the volume-elasticity 
characteristics of eighteen aortas were experi- 
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(4). In addition to the lack of clastic tissue in 
aortas of this group, the extensibility of the ves- 
sels is further hampered by the increase of col- 
lagenous fibers (senile fibrosis) and by deposi- 
tions of arteriosclerotic products in the vessel 
wall. 

Since the aortic chamber is essentially an clastic 
structure as indicated by Figure 2, it follows that 
the aorta as well as its main branches constitute 
an important dynamic unit of the cardiovascular 
apparatus. Thus, as a result of its elastic retrac- 
tion during the phase of cardiac diastole, the 
aortic chamber functions in the capacity of a 
buffer system converting a cardiac outflow which 
would be otherwise intermittent into one which 
is continuous in the capillaries. 

In addition to its influence on the peripheral cir- 
culation, the aorta tends to minimize the work of 
the heart by facilitating the discharge of blood 
from the left ventricle, as pointed out by Bram- 
well. Such a view is indeed 'tenable when one 
considers the volume-elasticity curves as exhibit- 
ing the relation which exists between the pressure 
in the aorta and its ability to accept the cardiac 
output. It will be noted from the volume-elastic- 
ity curves a, b, and c, that within the range of nor- 
mal diastolic pressure only a slight elevation of 
pressure is required to produce a considerable 
increase of volume, thus indicating the ease by 
which the elastic aorta can accept its ventricular 
outflow, providing of course other factors remain 
normal. But with increasing pressure, the trend 
of these curves is to flatten 'out showing that the 
aortic reservoir can no longer accommodate the 
same volume of blood with the same small pres- 
sure increase as it formerly could. On the con- 
trary, a much greater rise in pressure is required 
to receive the same output. If, for example, we 
consider Curve c, it will be noted that at a dias- 
tolic pressure of 75 mm. Hg a rise of 15 mm. of 
pressure will produce a 17 per cent increase in 
volume; while 'at 125 mm. of pressure, a rise of 
15 mm. will produce only a 7 per cent increase of 
volume; and at ISO mm. pressure, an increase of 
15 mm. will only bring about a 6 per cent in- 
crease of volume. In other words, to produce a 
15 per cent increase of volume at 150 mm. pres- 
sure, an increase of 50 'mm. would be required. 
This readjustment could only be brought about 


by an increased effort on the part of the heart in 
an attempt to augment the pulse pressure. Thus 
the mechanical effectiveness of the aortic cham- 
ber in receiving the cardiac output and passing it 
on to the peripheral circulation diminishes pro- 
gressively with increasing pressures. From this 
it can readily be understood why the elasticity 
response of the aorta is physically hampered in 
cases of hypertension associated with high dias- 
tolic pressures. 

The effect of diminution in arterial elasticity 
associated with advancing years is demonstrated 
by Curve c. Even within the range of normal 
diastolic pressures, the curve clearly shows a com- 
paratively limited degree of elasticity response. 
It is obvious that the coeffleient of elasticity is 
greatly altered with age. For unit increase in 
pressure the aorta from younger persons is dis- 
tended much more than the aorta from individuals 
of older age groups. 

However, the absolute volume of the aorta per 
unit of length is greater under conditions of low 
pressure in the older than it is in the younger age 
groups. Figure 3 illustrates this situation for 
the eighteen aortas studied completely. Several 
interesting points are apparent in this graph. 
The aortas of age- group 20 to 24 years (Cun'e 
a) show much smaller volumes at 100 mm. Hg 
pressure than do those of ages 71 to 78 years 
(Cun'e c). Yet the volumes at higher pressures 
(200 to 225 mm. Hg) are considerably greater 
in the young than in the old aortas. Thus, the 
greater extensibility of the younger aorta permits 
greater dilation under hypertensive conditions 


than does the older. , 

The high absolute volume (and diameter) o 
the older aorta at pressures around 100 mm. & 
is obviously fortunate. The work of the heart is 
less when the diameter of the aorta is great a 
cause less work has to be done in giving the ^ oo 
velocity. The decreased extensibility 
pressures (for the old as compared with 
younger aorta) is apparently an unfavor 
change. . 

The data can be presented in another way 
plotting the volume change of the aorta betwo ^ 
systolic and diastolic pressure levels. Tins 
change in aortic pulse volume. If one 
change occurring between 75 and 125 mm. 
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which is the “ normal type ” of pulse pressure 
relation, and also the volume change occurring 
between 125 and 225 mm. Hg, which approxi- 
mates a typical “ hypertensive ” pressure situation 


tually less under hypertensive conditions than un- 
der normal pressure conditions, although the pulse 
pressure was taken as 100 mm. Hg, or twice the 
normal in the hypertensive situation. This is 



Fig. 3. Curves Showing the Absolute Volume per Unit Length of 
Aorta at Pressures up to 230 mm. Hg 
It will be noted that the senile aorta has a relatively large volume at 
normal pressures and that the younger aorta has a greater volume at hyper- 
tensive pressures. 


in diastole and systole respectively, one can ob- 
serve certain important facts. Figure 4 presents 
this data graphically. It can be seen that the 
‘‘ pulse volume change ” of the aorta diminishes to 
25 per cent or less of that found in the young by 
the time age 75 has been reached. The aorta no 
longer acts as an elastic reservoir whose recoil can 
keep up the pressure and the flow in diastole. 
Furthermore, and this might not have been pre- 
dicted, the aortic " pulse volume change ” is ac- 


true because the volume-elasticity curve (see 
Figure 2) is so nearly flat at the higher pressures 
in the older aortas. Thus, not only does the aorta 
become inferior as an elastic reservoir with age, 
but the hypertension itself makes the aorta func- 
tion over a range of pressures over which its 
volume change is less than it would be with pulse 
pressures half as great at normal systolic pres- 
sures. The arteriosclerotic aorta would appar- 
ently function better at low pressures. 
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Fig. 4. Curves Showing the Change in Pulse Vol- 
ume WITH Increasing Age for Both Normal and 
Hypertensive Pulse Pressures (SO and 100 mm. Hg 
Respectively) 

Anatomical studies of the elastic arteries in the 
senile period show that the aorta increases in 
length as well as in diameter. There is a marked 
lack of uniformity in length and diameter in the 
aortas of the senile period. A large proportion 
show marked ectatic dilatation while in others the 
dilatation is not so pronounced. Suffice it to say 
that they all show a definite longitudinal as well 
as a transverse enlargement of various degrees. 
Thinning of the aortic wall accompanies this al- 
teration. Thus it is evident that the aorta can 
accommodate a greater volume of blood in its 
resting state than can the aorta of the younger 
age groups. What functional capacity the senile 
aorta loses by way of diminution in its elastic 
tissue is compensated for to a large extent, by an 
increase in its size. In other words, the senile 


aorta becomes essentially a capacity chamber and 
docs not need to be distended in order to accom- 
modate the s 3 'slolic discharge of the left ventricle 
without tlie production of ver}' high velocities of 
flow. Instead, due to the increased diameter, the 
stroke output can be carried away at relatively 
low velocities and therefore with relatively low 
energy expenditure of the heart. 

The above alteration that 'occurs in the aortas 
of the older age group should be looked upon as 
a normal, as well as a favorable, physiological 
adjustment to the ageing process, whereby the 
deleterious effect of increasing rigidity of the 
aorta and its main branches upon the heart is 
prevented. This accounts for the fact that the 
so-called “ uncoiling ” of the aorta (elongation 
and dilatation of this vessel) in the absence of 
hypertension is, as a rule, associated with hearts 
of normal size in elderly people (9, 10). 

A COMPARISON OF THE EXTENSIBILITV OF LIVING 
AORTA WITH THAT OF ISOLATED AORTA 

As shown by Bramwell and Hill (2), the pulse 
wave velocity may be derived from the Moen 
equation and expressed in a convenient formula. 

3.57 

v = - — — 

/(percentage increase in volume per 
^ mm. Hg increase of pressure) 

in which V is the velocity of the front of th 
pulse wave in terms of meters per 
Therefore, it is possible to calculate the ve oci } 
of transmission of the pulse wave from 
volume-elasticity curves for the designate ^ 
and thereby compare the pulse wave 
vessels in vivo with those of isolated ones, 
pulse wave velocities given below were ca 
from the tangents to the respective curv^ ( 
ure 2) after being reconstructed on the asis 
the normal volumes, assuming a pressure o 
mm. Hg. Obviously, the volume at zero 
cannot be used as a basis for calculation 
volume does not correspond to the volume ni 
Hence, the normal volume of the aorta 
internal pressure must be used to calcu a e 
pulse wave velocity since that is the volume^ 
varies in accordance with pressure chang 
curring in the aortic chamber in life. 
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TABLE I 


Calculated and optically-measured pulse wave velocities, 
in terms of meters per second, and the resulting 
percentage differences for the various age groups 


Age 

groups 

Velocity calcu- 
lated from vol- 
ume-elasticity 
curves of 
isolated 
aortas 

Velocity 
in vivo 

optical 

recording 

(7)* 

Velocity in 
vivo by 
optical 
recording 
minus 0.4 
inetera 

Differ- 

ence 

Percent- 

age 

diffeS 

ence 

years 

20-24 

4.3 

5.2 

4.8 

0.5 

per cent 

10.4 

29-31 

5.0 

5.6 

5.2 

0.2 

3.9 

36^2 

5.8 

6.4 

6.0 

0.2 

3.3 

47-52 

6.5 

7.5 

7.1 

0.6 

8.4 

71-78 

9.5 

10.5 

10.1 

0.6 

5.9 


Average percentage difference = 6.4 per cent 


* These values represent the mean pulse wave velocities 
of aortas for the various ages as obtained from a study of 
550 _ normal living subjects. See reference 7 of the 
bibliography. 

In Table I, the calculated velocity for each of 
the age groups is given in the second column. 
The velocity obtained by the optical recording 
method (7), and the velocity after subtracting 0.4 
meter per second, are given in the third and 
fourth columns respectively. Obviously, the ve- 
locity obtained by the optical recording method 
includes the velocity of the blood flow itself which 
is not present nor accounted for in the velocity 
calculated from the volume-elasticity curves. 
This velocity of blood flow is approximately 0.4 
meter per second (11) in the aorta, which value 
must be subtracted before comparing with the 
calculated velocity. The difference between this 
resulting velocity and the calculated velocity is 
given in the fifth column, and the percentage dif- 
ference of the measured velocity is given in the 
last column. The agreement between the values 
for the actual pulse wave velocity measured on 
living persons and that calculated from the vol- 
ume-elasticity curves is good, namely, 6.4 per cent 
average percentage difference. Incidentally, the 
percentage differences with increasing age show 
a striking constancy (about 6.4 per cent), thus 
indicating the accuracy as well as the validity of 
Bramwell and Hill’s formula. 

Another factor, the effect of elastic “after- 
action,” tends to produce slower calculated veloci- 
ties in isolated vessels. By using the described 
experimental method, this factor is almost but not 
entirely eliminated. In measuring the volume of 


the isolated aorta, we found that at the same ini- 
tial pressures before and after the experiment, the 
volume after the successive increments of pres- 
sure were applied, was increased from 0.75 to 
1.0 cubic centimeter or about 8 per cent greater 
than the original volume, especially in the aortas 
of older subjects. Since the isolated aortas can- 
not “ recoil ” to its original or normal diameter, 
a greater increase in volume would be produced 
by this method than if completely instantaneous 
readings could have been made. Hence a 4 per 
cent slower calculated pulse-wave velocity results. 
Taking this into consideration and correcting the 
velocities determined from volume-elasticity 
curves, the data of Table II is obtained. 

TABLE II 

Calculated pulse wave velocities corrected for elastic 
"after-action,” optically-measured velocities, in terms 
of meters per second, and the resulting percentage 
differences for the various age groups 


Age 

groups 

Calculated veloc- 
ity corrected for 

8 per cent "elastic 
after-action" 

Mean velocities 
measured in 
vivo (Table I 
corrected for 
velocity of 
blood flow) 

Differ- 

ences 

Percent- 

age 

differ- 

ence 

years 

20-24 

4.5 

4.8 

0.3 

per cent 
6.2 

29-31 

5.2 

5.2 

0.0 

0.0 

36-42 

6.0 

6.0 

0.0 

0.0 

47-52 

6.8 

7.1 

0.3 

5.0 

71-78 

9.9 

10.1 

0.2 

• 2.0 


Average percentage difference = 2.6 per cent 


There are several other factors that may ac- 
count for the 2.6 per cent difference which still 
exists. It must be remembered that the aorta is 
surrounded in the living man by a considerable 
amount of dense fibrous tissue. In all probabiiitj' 
this tends to increase the rigidity of the arterial 
wall somewhat and thus increase the velocity of 
the pulse wave, whereas in the isolated aortic seg- 
ment, the layer of dense fibrous tissue was re- 
moved in order to ligate the bases of the inter- 
costal vessels. No exact physical measurements 
are yet available which demonstrate what effect 
this coating of fibrous tissue has on the extensi- 
bility of the aortic chamber. Another factor 
that may account in part for the abovementioned 
difference is the actual diastolic pressure present 
in the aorta. The above tabulated vclodtics for 
isolated aortas were computed on a basis of 85 
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mm. Hg pressure. It is obviously impossible to 
obtain the exact diastolic pressure in the living 
aorta. Undoubtedly it is higher than the normal 
diastolic pressure as measured over the brachial 
artery. 

Aside from the factors just discussed, it is evi- 
dent that the velocities of the pulse wave as calcu- 
lated from volume-elasticity measurements on the 
isolated aorta arc in substantial agreement with 
that obtained by the optical recording method in 
vivo. 

CONCLUSIONS 

1. A method for experimentally obtaining the 
volume-elasticity coefficients of isolated aortas has 
been described. 

2. The mean volume-elasticity curves demon- 
strate that arterial rigidity increases, {a) pro- 
gressively with age and {b) with increasing dias- 
tolic pressure. 

3. The aorta of old age assumes the role of a 
capacity chamber or reservoir and by virtue of 
this readjustment, it becomes adapted to the re- 
ception of the cardiac output without imposing an 
undue strain on the heart, a condition which 
would otherwise result if the disappearance of 
elastic tissue occurred without a concomitant in- 
crease in the diameter and length of the aorta. 

4. If the pulse wave velocities are calculated 
from mean volume-elasticity curves and compared 
with the mean pulse wave velocities obtained in 
living man at corresponding ages, it is found that 
the mean values obtained on the isolated aorta are 
less than those obtained in vivo by about 6 per 
cent. In the study of isolated aortas, the velocity 


values arc slightly low due largely to the factor of 
clastic " after-action.” 

5. Due to the satisfactory agreement of the 
pulse wave velocities found in vivo and in the 
isolated aortas it is possible to evaluate the condi- 
tion of the aorta in living man by comparison with 
an isolated aorta having approximately the same 
jnilse wave velocity. 
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Osteomalacia is a bone disease more commonly 
seen and with greater clinical implications in 
North China than elsewhere (1, 2, 3). The prin- 
cipal cause of the skeletal demineralization re- 
sides in vitamin D deficiency, a combination of its 
lack in the diet and exclusion of sunlight. By 
reason of such deficiency, calcium given by mouth 
fails to be absorbed. Poor intestinal absorption 
rather than excessive elimination is incriminated 
because it has been demonstrated by the studies of 
Hannon et al. (4) that the endogenous calcium 
metabolism in patients with osteomalacia on low 
intake is within normal limits and that calcium 
administered parenterally is largely retained. Un- 
der such circumstances while the endogenous de- 
structive activity in the bones may not be exces- 
sive, the reparative process is very much inter- 
fered with through defective intestinal absorption 
so that skeletal decalcification inevitably ensues. 
The limited intake of calcium in common Chinese 
dietaries (5), and periods of mineral stress inci- 
dent to pregnancy and lactation are some of the 
contributing factors that enter into the pathogene- 
sis of osteomalacia. 

Studies of the effect of vitamin D in the treat- 
ment of osteomalacia (4, 6) demonstrate the re- 
markable 'conserving action of vitamin D on cal- 
cium and phosphorus metabolism. As a result of 
its administration, intestinal absorption is pro- 
moted and endogenous elimination is decreased so 
that large quantities of calcium and phosphorus 
are available for deposition in the bones. The ac- 
tual amount of calcium and phosphorus retained 
depends upon the level and ratio of intake of these 
elements. It has been shown in two patients with 
osteomalacia undergoing reparation initiated by 
vitamin D (7) that calcium retention varied di- 
rectly with calcium intake while phosphorus re- 
tention was limited by both calcium and phos- 


phorus intake. Fecal calcium likewise varied 
directly with calcium intake while fecal phos- 
phorus was parallel with both calcium and phos- 
phorus intake. When calcium supply is limited 
in relation to phosphorus (low Ca : P ratio) prac- 
tically all the calcium absorbed is deposited, none 
appearing in the urine. On the other hand, when 
phosphorus supply is short compared with calcium 
(high Ca: P ratio), all the available phosphorus is 
retained and urinary phosphorus vanishes. Con- 
servation of excretion through the urinary tract 
and efficient absorption through the intestinal ca- 
nal account for the markedly positive balances in 
osteomalacia when reparation is brought about 
under the influence of vitamin D. 

Similar observations on the effects of variations 
of the levels and ratios of calcium to phosphorus 
intake on their serum levels, paths of excretion 
and balances have been made on another patient 
with healing osteomalacia. But in contrast to the 
previous patients who received vitamin D only 
prior to the observations, the present subject was 
given vitamin D throughout the entire study so 
as to obviate any uncertainty in ascribing the 
metabolic results obtained to vitamin D action. 
Moreover, attempt was made in the present study 
to secure more nearly metabolic equilibrium by 
using three 4-day periods for each level or ratio of 
dietary intake. The data obtained from this pa- 
tient, together with those from another subject 
having syphilitic osteitis of right radius and tibia 
without general metabolic disturbance, taken as a 
control, constitute the basis of discussion in the 
present communication. 

PROCEDURE 

The clinical histories of the two subjects arc 
briefly described in the appendix. Subject 1, 
H. F. M., was a woman of 32 with advanced osteo- 
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malacia of seven years’ duration. Wliilc skele- 
tal rarefaction and deformities were marked, licr 
serum calcium and phosphorus were within nor- 
mal limits. She was placed on various diets, the 
compositions of which arc given in Table I. All 
the diets were low in calcium but contained vary- 
ing amounts of phosphorus. The desired high 
levels of calcium intake were attained by giving 
appropriate quantities of a saturated solution of 
calcium lactate (7.7 per cent). At a given level 
of calcium intake, the phosphorus level was pro- 
gressively increased by giving Diets 5, 2, 3 and 4 
in that order. There were 'altogether 3 levels of 
calcium and 4 levels of phosphorus intake, making 
a total of 12 different ratios. Three four-day pe- 


riods were devoted to each ratio of calcium to 
phosphorus intake. The first five periods con- 
cerned preliminary observations without vitamin 
D, but after that 1 cc. of Vigantol, an oily solution 
of irradiated crgostcrol containing 15,000 interna- 
tional units of vitamin D per cc., was given daily. 

Subject 2, L. Y. PL, was a man of 24 with 
syphilitic osteitis of right radius and tibia, the 
rest of the skeleton showing normal density and 
texture on x-ray examination. As localized bone 
involvement by infection usually does not give rise 
to general metabolic disturbances, the patient may 
be regarded as a control for the present purpose. 
He was given Diets 1, 2 and 3 in that sequence. 
With each diet, namely, with each level of phos- 


TADLE I 

Compostlion of diets in grants per day f 


Articles of food 


Vitamin 

Subject 1 (H. F. M.) 

Subject 2 (L. 

D 










Diet 1 

Diet 2 

Diets 

Diet 4 

Diet Sa 

Diet 5b 

Diet 1 

Diet 2 

± 

50 


50 

SO 





=h 


50 






200 






20 

16 


50 

dr 




100 





-p 

SO 

ISO 

200 

75 

150 

120 

300 

200 






100 

80 



* 




25 





-p 



30 

30 





± 





300 

240 

300 

100 

* 

ISO 

75 

50 

25 




25 

* 

100 

50 

50 

75 





dr 


50 

75 

75 





* 

SO 

50 

SO 






* 

SO 







SO 

db 




50 





± 




50 





± 


50 

100 


100 

80 



± 

100 

100 

150 

100 





* 








50 









100 

± 







100 


* 

SO 

50 

50 











50 

40 



* 





50 

40 










50 

31 

-p-p 

i 

1 





30 

20 


32 

45 

50 

SO 

70 

56 

40 

20 


4 

4 

4 

4 

4 

3.2 

4 

6 


21 

20 

20 

24 

SO 

40 

60 

24 


5 

5 

5 

5 

5 

4 




65 

59 

69 

77 

58 

46 

71 

62 


102 

192 

232 

211 

284 

227 

286 

392 


63 

70 

79 

94 

73 

58 

120 

76 


1235 

1642 

1923 

2000 

2022 

1614 

2508 

2500 


0.138 

0.140 

0.191 

0.181 

0.176 

0.140 

0.178 

0.118 


0.914 

0.627 

0.925 

1.163 

0.324 

0.259 

0.402 

0.582 


10.40 

9.12 

10.68 

12.39 

8.28 

6.64 

10.82 

8.69 


Diets 

100 

100 


ISO 


100 

100 

100 

50 


100 


50 


SO 

6 


80 

307 

76 

2232 

0.173 

1.094 

11.51 


Millet 

Rice 

Glutinous rice 

Oatmeal 

White wheat flour 
Mung bean flour. 
Peanut 

Egg. . 

Egg white 

Pork 

Chicken 

Beef 

Aroid 

Potato 

Sweet potato 

Carrot 

Turnip 

Cabbage 

Onion 

Chinese lettuce. . . 

Spinach 

Apple 

Banana 

Orange 

Lard 

Butter. . 

Sesame oil 

Table salt 

Sugar 

Soy bean sauce. . . 

Protein 

Carbohydrate . . . . 

Fat 

Calories 

Calcium 

Phosphorus 

Nitrogen 


t Calcium, phosphorus and nitrogen values are actually determined, and vitamin D values taken from 
good amount; -f fair amount; ± no appreciable amount; * doubtful or undetermined. Approximate add 

acid base balance of the diets according to Sherman (9) gives potential acidities ranging from 19 to 35 cc. ol n 
for Subject 1, and 30 to 44 cc. for Subject 2. 
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phorus intake, calcium was raised by the addition 
•of desired amounts of calcium lactate. With this 
patient, 3 levels each of calcium and phosphorus 
were studied, giving 9 combinations. No vitamin 
D was administered. 

Calculation of the acid base balance of the diets 
according to Sherman (9) showed that all the 
diets were potentially acid with relatively small 
variations, but the computation should be consid- 
ered only approximate, because of 'the uncertainty 
of the applicability of Sherman’s figures to local 
foodstuffs. 


Stool and urine respectively of each period were 
pooled for analysis. Venepuncture was done be- 
fore breakfast at the beginning of each period. 
Metabolic ward routine and analytical methods for 
calcium, phosphorus and nitrogen of food, urine, 
stool and blood were described previously (7). 

RESULTS 

Serum calcium and phosphorus. As seen from 
Figure 1, Subject 1 maintained a fairly stationary 
level of serum calcium throughout the period of 
212 days of continuous observation, the range be- 



Fig. 1. Calcium and Phosphorus Metabolism and Their Serum Le\’els in Relation to Varying Int.mie or 

Calcium and Phosphorus in Subject 1 
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ing from S.7 to 9.6 mgm. per 100 cc. and the trend 
bearing no apparent relation to the dietary 
changes. Tlie serum inorganic phosphorus level, 
however, varied from 2.9 to 5.3, a difference of 
2.4 mgm. per 100 cc. The phosphorus level, be- 
ginning at 4.3 mgm. per 100 cc., gradually went 
down to 3.0 as calcium intake in the diet was 
stepped up to 1.7 grams (Period 4). While the 
calcium intake was maintained at this high level, 
the phosphorus curve began to climb as vitamin D 
was given, and rose to a maximum of 5.3 as the 
phosphorus intake was progressively raised (Pe- 
riod 15). The phosphorus curve showed a sec- 
ond drop in Periods IS to 20 when the phosphorus 
intake was suddenly decreased to a minimum, and 
a subsequent recovery to the high level in Periods 
27 to 29 when high phosphorus intake was re- 
stored. When calcium intake was maintained at 
a lower level, namely, 1.0 gram as in Periods 30 to 
41, similar changes in the phosphorus intake 
brought about a repetition of the C3'cle of events 
in the serum phosphorus curve, but to a lesser 
extent. But when the calcium intake was kept 
minimal (Periods 42 to 53), lowering of the 
phosphorus intake failed to elicit any significant 
change in serum phosphorus. In other words, 
serum phosphorus varied more with the ratio of 
calcium to phosphorus than with their actual levels 
in the intake. Whenever the ratio is high serum 
phosphorus drops. 

In Subject 2 (Figure 2) the serum calcium level 
was also relatively constant, varying from a mini- 
mum of 9.0 to a maximum of 10.2 mgm. per 100 
cc., irrespective of the calcium and phosphorus 
intake. The serum phosphorus, compared with 
that of Subject 1, showed much less fluctuation, 
ranging as it did between 3.9 and 5.1 mgm. per 
100 cc. Moreover, the trend of variation with 
dietary intake seemed to be opposite in direction 
to that seen in Case 1. When the calcium supply 
was short in relation to phosphorus (low Ca:P 
ratio), the serum phosphorus tended to fall with a 
subsequent rise when calcium intake was stepwise 
increased. However, the changes observed were 
not sufficiently pronounced to render their signifi- 
cance indubitable. 

From the above observations it may be con- 
cluded that dietary variations of calcium and phos- 
phorus are not significantly reflected in the serum 
calcium level. This is true in osteomalacia, as 



well as in the control case, probably on account o 
the protective influence of vitamin D, as m 
absence the serum calcium and inorganic 
phorus reflect remarkably the ratio of these e e 
ments in the diet as shown by Shohl ( 10) m 
perimental rickets in rats. Dietary changes may 
cause fluctuations in serum phosphorus, however, 
even when vitamin D is added to tlie diet. 
healing osteomalacia, for example, where 
marked deposition of calcium and phosphors i^ 
the bones, a deficiency in intake of 
relative to calcium intake results in a fall in 
phosphorus; and excess phosphorus intake re 
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tive to calcium intake may result in a rise in serum 
phosphorus. On the other hand, in the case of 
localized bone disease and presumably in normal 
individuals where excesses in supply are excreted 
and deficiencies in intake are made up from the 
large skeletal store, serum phosphorus level is less 
subject to fluctuation. 

Paths of excretion. The data from Subject 1 
as presented in Figure 1 and as averaged in Table 
II demonstrate a general reciprocal relationship 
between urinary calcium and phosphorus. At a 
constant level of calcium intake, progressive in- 
crement of phosphorus supply tended to decrease 
the urinary calcium sometimes to the point of 
disappearance, and at the same time to augment 
the urinary phosphorus. 

If the results at the same level of dietary phos- 
phorus are taken for comparison successive addi- 
tion of calcium intake increased the urinary cal- 
cium coincident with a gradual and steady diminu- 
tion of urinary phosphorus. In general, the mag- 
nitude of urinary excretion of calcium was small 
or negligible but it became considerable when cal- 
cium was supplied far in excess of the dietary 
phosphorus (Periods 18 to 20). Likewise, uri- 
nary excretion of phosphorus was very much limi- 
ted on low phosphorus diet, but became dominant 


when phosphorus supply was far in excess of 
dietary calcium (Periods 51 to 53). 

Fecal calcium increased consistently with the 
calcium intake, having little relation with the phos- 
phorus supply, while fecal phosphorus was di- 
rectly related not only with dietary phosphorus, 
but also with dietary calcium. Intestinal elimina- 
tion of phosphorus, then, depends not only on its 
supply in the diet, but also on the amount of cal- 
cium presented in the intestine for excretion. 

In Subject 2 (Figure 2 and Table III) similar 
results were obtained. The magnitude of urinary 
calcium excretion was greater, and it never dis- 
appeared, even when the supply was minimal in 
the presence of large 'phosphorus intake (Periods 
19 to 21). Likewise, when phosphorus intake 
was minimal in the presence of excessive dietary 
calcium, urinary phosphorus, though decreased, 
was still considerable, compared with that in heal- 
ing osteomalacia. The fecal elimination of cal- 
cium and, to a lesser degree, of phosphorus in 
Subject 2 was greater also, but the correlation be- 
tween the intake of calcium and phosphorus and 
their output in the stool was just as close. In 
addition to the tendency for fecal phosphorus to 
vary directly with calcium intake, there was a 


TABLE II 

Subject 1, Average daily calcium and phosphorus metabolism 


Period 

number 

Diet 

number 

Intake 

Ouipu,t 

i Balances 

1 ......... 

Ca 

P 

Ratio 

Ca:P 

Urinary 

Fecal 

Ca 

P 

N, 

P 

cor- 

rected 

Ratio 

Ca ;P 
corrected 

Ca 

P 

Ca 

P 

Dry 

weight 



mgm. 

mgm. 


mgm. 

wgm. 

mgm. 

! mgm. 

grams 

mgm. 

mgm. 

grams 

mgm. 


3- S 

1 

1738 

914 

1.90 

0 

222 

1444 

420 

19.4 

294 

272 

1.05 

212 

1.39 

*6- 8 

1 

1738 

914 

1.90 

5 

190 

956 

238 

12.7 

777 

486 

1.43 

404 

1.93 

9-11 

2 

1740 

t 627 

2.14 

19 

25 

962 

283 

17.0 

759 

319 

1.22 

249 

3.05 

12-14 

3 

1691 

925 

1.83 

7 

62 

822 

328 

17.9 

862 

535 

2.24 

406 

2.12 

15-17 

4 

1681 

1163 

1.45 

6 

297 

829 

438 

22.8 

846 

428 

2.40 

287 

2.94 

18-20 

5 

1676 

324 

5.18 

209 

23 

945 

287 

20.1 

522 

14 

0.98 

- 44 


21-23 

2 

1640 

627 

2.60 

31 

85 

970 

261 

18.9 

639 

281 

0.71 

239 

2.67 

24-26 

3 

1691 

925 

1.83 

4 

238 

935 

296 

18.3 

152 

391 

1.56 

301 

2.50 

27-29 

4 

1681 

1163 

1.45 

19 

393 

960 

444 

22.2 

702 

326 

2.17 

201 

3.49 

30-32 

5 ! 

976 

324 

3.01 

77 

37 

582 

318 

19.7 

313 

- 31 

1.59 

-124 


33-35 

2 

940 

627 

1.50 

6 

252 

545 

249 

15.9 

389 

126 

0.22 

113 

3.44 

36-38 

3 

994 

924 ! 

1.08 

8 

413 

535 

301 1 

16.5 

451 

210 

2.17 

82 

5.50 

39-41 

4 

981 

1163 

0.84 

6 

528 

540 

408 

19.0 

435 

227 

1.50 

139 

3.13 

42-44 

3o 

. 141 

259 

0.54 

3 

184 

111 

299 

18.4 I 

27 

-224 

-0.01 

-223 


45-47 

2 

140 

627 

0.22 

4 

436 

78 

157 

11.6 

58 

34 

0.70 

- 6 


48-50 

3 

194 

924 

0.21 

1 

593 

129 

242 

18.3 

64 

89 

1.40 

7 


51-53 

4 

181 

1163 

0.16 

4 

744 

137 

335 

20.2 

1 

40 

84 

1.11 

20 

2.00 


* Vigantol 1 cc. daily started from this period and continued throughout. 
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ing from 8.7 to 9.6 mgm. per 100 cc. and the trend 
bearing no apparent relation to the dietary 
changes. The scrum inorganic phosphorus level, 
however, varied from 2.9 to 5.3, a difference of 
2.4 mgm. per 100 cc. The phospliorus level, be- 
ginning at 4.3 mgm. per 100 cc., gradually went 
down to 3.0 as calcium intake in the diet was 
stepped up to 1.7 grams (Period 4). While the 
calcium intake was maintained at this high level, 
the phosphorus curve began to climb as vitamin D 
was given, and rose to a maximum of 5.3 as the 
phosphorus intake was progressively raised (Pe- 
riod 15). The phosphorus curve showed a sec- 
ond drop in Periods 18 to 20 when the phosphorus 
intake was suddenly decreased to a minimum, and 
a subsequent recovery to the high level in Periods 
27 to 29 when high phosphorus intake was re- 
stored. When calcium intake was maintained at 
a lower level, namely, 1.0 gram as in Periods 30 to 
41, similar changes in the phosphorus intake 
brought about a repetition of the cycle of events 
in the serum phosphorus curve, but to a lesser 
extent. But when the calcium intake was kept 
minimal (Periods 42 to 53), lowering of the 
phosphorus intake failed to elicit any significant 
change in serum phosphorus. In other words, 
serum phosphorus varied more with the ratio of 
calcium to phosphorus than with their actual levels 
in the intake. Whenever the ratio is high serum 
phosphorus drops. 

In Subject 2 (Figure 2) the serum calcium level 
was also relatively constant, varying from a mini- 
mum of 9.0 to a maximum of 10.2 mgm. per 100 
cc., irrespective of the calcium and phosphorus 
intake. The serum phosphorus, compared with 
that of Subject 1, showed much less fluctuation, 
ranging as it did between 3.9 and 5.1 mgm. per 
100 cc. Moreover, the trend of variation with 
dietary intake seemed to be opposite in direction 
to that seen in Case 1. When the calcium supply 
was short in relation to phosphorus (low Ca:P 
ratio), the serum phosphorus tended to fall with a 
subsequent rise when calcium intake was stepwise 
increased. However, the changes observed were 
not sufficiently pronounced to render their signifi- 
cance indubitable. 

From the above observations it may be con- 
cluded that dietary variations of calcium and phos- 
phorus are not significantly reflected in the serum 
calcium level. This is true in osteomalacia, as 



well as in the control case, probably on account o 
the protective influence of vitamin D, as 
absence the serum calcium and inorganic p’o 
phorus reflect remarkably the ratio of these ee 
ments in the diet as shown by Shohl (10) 
perimental rickets in rats. Dietary changes 
cause fluctuations in serum phosphorus, howeveL 
even when vitamin D is added to the diet. 
healing osteomalacia, for example, where there 
marked deposition of calcium and phosphoras^^^ 
the bones, a deficiency in intake of 
relative to calcium intake results in a fall iu 
phosphorus; and excess phosphorus intake r 
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tive to calcium intake may result in a rise in serum 
phosphorus. On the other hand, in the case of 
localized bone disease and presumably in normal 
individuals where excesses in supply are excreted 
and deficiencies in intake are made up from the 
large skeletal store, serum phosphorus level is less 
subject to fluctuation. 

Paths of excretion. The data from Subject 1 
as presented in Figure 1 and as averaged in Table 
II demonstrate a general reciprocal relationship 
between urinary calcium and phosphorus. At a 
constant level of calcium intake, progressive in- 
crement of phosphorus supply tended to decrease 
the urinary calcium sometimes to the point of 
disappearance, and at the same time to augment 
the urinary phosphorus. 

If the results at the same level of dietary phos- 
phorus are taken for comparison successive addi- 
tion of calcium intake increased the urinary cal- 
cium coincident with a gradual and steady diminu- 
tion of urinary phosphorus. In general, the mag- 
nitude of urinary excretion of calcium was small 
or negligible but it became considerable when cal- 
cium was supplied far in excess of the dietary 
phosphorus (Periods 18 to 20). Likewise, uri- 
nary excretion of phosphorus was very much limi- 
ted on low phosphorus diet, but became dominant 


when phosphorus supply was far in excess of 
dietary calcium (Periods 51 to S3). 

Fecal calcium increased consistently with the 
calcium intake, having little relation with the phos- 
phorus supply, while fecal phosphorus was di- 
rectly related not only with dietary phosphorus, 
but also with dietary calcium. Intestinal elimina- 
tion of phosphorus, then, depends not only on its 
supply in the diet, but also on the amount of cal- 
cium presented in the intestine for excretion. 

In Subject 2 (Figure 2 and Table III) similar 
results were obtained. The magnitude of urinary 
calcium excretion was greater, and it never dis- 
appeared, even when the supply was minimal in 
the presence of large ‘phosphorus intake (Periods 
19 to 21). Likewise, when phosphorus intake 
was minimal in the presence of excessive dietary 
calcium, urinary phosphorus, though decreased, 
was still considerable, compared with that in heal- 
ing osteomalacia. The fecal elimination of cal- 
cium and, to a lesser degree, of phosphorus in 
Subject 2 was greater also, but the correlation be- 
tween the intake of calcium and phosphorus and 
their output in the stool was just as close. In 
addition to the tendency for fecal phosphorus to 
vary directly with calcium intake, there was a 


TABLE II 

Subject 1. Average daily calcium and phosphorus metabolism 


Period 

number 

Diet 

number 

Intake 

1 Output 

Balances 

Ca 

p 

Ratio 

:Ca;P 

Urinary 

Fecal 

Ca 

P 

N, 

P 

cor- 

rected 

Ratio 

Ca : P 
corrected 

1 

Ca 

P 

Ca 

P 

1 

Dry 1 

weight 



mgm. 

mgm. 

i 

i mgm. 

mgm. 

mgm. 

mgm. 

grams 

mgm. 

mgm. 

grams 

mgm. 


3- 5 

1 

1738 

914 

1.90 

0 

222 

1444 

420 

19.4 

294 

272 

1.05 

212 

1 .59 

*6- 8 

1 

1738 

914 

1.90 

5 

190 

956 

238 

12.7 

777 

486 

1.43 

404 

1 0.^ 

9-11 

2 

1740 

627 

2.14 

19 

25 

962 

283 

17.0 

759 

319 

1.22 

249 


12-14 

3 

1691 

925 

1.83 

7 

62 

822 

328 

17.9 

862 

535 

2.24 

406 

2X2 

15-17 

4 

1681 

1163 

1.45 

6 

297 

829 

438 

22.8 

846 1 

428 

2.40 

287 

2.94 

18-20 

5 

1676 

324 

5.18 

209 

23 

945 

287 

20.1 

522 

14 

0.98 

— 44 

21-23 

2 

1640 

627 

2.60 

31 

85 

970 

261 

18.9 

639 

281 

0.71 

9^0 

0 

24-26 

3 

1691 

925 

1.83 

4 

238 

935 

296 

18.3 

752 

391 

1.56 

3QI 


27-29 

4 

1681 

1163 

1.45 

19 

393 

960 

444 

22.2 

702 

326 

2.17 

201 

A.ou 

30-32 

5 

976 

324 

3.01 

77 

37 

582 

318 

19.7 

313 

- 31 

i 1.59 

iOA 


33—35 

2 

940 

627 

1.50 

6 

252 

545 

249 

15.9 

389 

126 

0.72 


3.44 

36-38 

3 

994 

924 

1.08 

8 

413 

535 

301 

16.5 

451 

210 

0 17 

llnj 

39-41 

4 

981 

1163 

0.84 

6 

528 

540 

408 

19.0 

435 




5.50 

42-44 

5a 1 

. 141 

259 

0.54 

3 

184 

111 

299 

18.4 

27 




3.13 

45-47 

2 

140 

627 

0.22 

4 

436 1 

78 

157 

11.6 

58 

34 


—223 


48-50 

3 

194 

924 

0.21 

1 

593 

129 

242 

18.3 

64 

RO 


— 6 


51-53 

4 

181 

1163 

0.16 

4 

744 

137 

335 

20.2 

40 

84 

1.11 

7 

20 

2.00 


* Vigantol 1 cc. daily started from this period and continued throughout. 
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TAIILR III 


Subject 2. Avcrafic daily calcium and phosphorus metabolism 


Period 

number 

Diet 

number 

i 

1 

1 Intake 

Output 

Balances 

1 

C.T 

1 

B 

Kntio 
C.i : P 

Urinnry 

Fecal 

Ca 

P 

Nj 

1 

P 

corrected 

C-i 

B 

Ca 

fl 

Do- 

wcijrht 



wffm. 



vipn. 

piRin. 

tncm. 


firatjts 


mpn. 

mfjm. 

mgm. 

1 - 3 

1 


402 

0.44 

73 

232 

207 

153 

20.3 

-102 

28 

1.65 

-69 

4 - 6 

1 

BflJ; 3 

402 

2.63 

189 

158 

736 

155 

20.5 

133 

89 

2.27 

-45 

7 - 9 

1 

Rill (1 

402 

5.08 

252 

104 

1561 

183 

18.2 

230 

115 

2.33 

-22 

10-12 

2 

118 

582 

0.20 

79 

341 

241 

255 

16.5 

-202 

-14 

1.16 

-82 

13-15 

2 

1023 

582 

1.76 

153 

282 

928 

323 

21.4 

58 

-23 

1.09 

-87 

16-18 

2 

2080 

582 

3.58 

211 

221 

1495 

319 

21.2 

374 

42 

1 1.16 

1 -26 

19-21 

3 

173 

1094 

0.16 

19 

695 

373 

471 

21.0 

-219 

-72 

0.60 

-107 

22-24 

3 

1078 

1094 

0.99 

36 

519 

859 

492 

20.7 

183 

83 

0.50 

54 

25-27 

3 

2084 

1094 

1.91 

i 

116 

414 

1812 

525 

25.4 

156 

155 

0.48 

127 


discernible but slight tendency for the fecal cal- 
cium to vary directly with phosphorus intake. 

As the average daily dr}^ fecal weights in both 
cases varied only slightly on the various diets, it 
is unlikely that variations in roughage were suffi- 
ciently large to play an important role in the in- 
testinal' elimination of calcium and phosphorus. 

Balances. While calcium balance may be taken 
to represent the state of bone metabolism, phos- 
phorus balance is under the dual influence of bone 
and soft tissue metabolism. For every 17 grams 
of nitrogen retained or lost, 1 gram of phosphorus 
is retained or lost. To calculate the amount of 
phosphorus actually involved with calcium in bone 
metabolism, the total phosphorus balance is cor- 
rected by an amount equivalent to nitrogen bal- 
ance. The corrected phosphorus balances are set 
forth in Tables II and III. In Table II it may be 
of interest to note the remarkable effect of vita- 
min D on calcium balance in osteomalacia. Prior 
to vitamin D administration the patient retained 
294 mgm. of calcium on an intake of 1738 mgm. 
per day (Periods 3 to 5), but afte:^ its administra- 
tion the retention increased to 777 mgm. on the 
same intake (Periods 6 to 8), the improvement 
being mainly due to lessened elimination in the 
stool. 

To facilitate comparison, Tables IV and V are 
constructed in which calcium and corrected phos- 
phorus balances are grouped according to intake. 
Subject 1 (as seen in the upper part of Table IV) 
exhibited a striking dependence of calcium balance 
.-"on calcium intake. Calcium retention on the aver- 


age increased steadily from 47 to 654 mgm. per 
day as calcium intake was progressively raised 
from 164 to 1672 mgm. per day, regardless of 
phosphorus intake. On the other hand, at a given 


TABLE IV 

Subject 1. The cjfecl of calcium and phosphorus intaie on 
their balances 


Calcium 

intake 

Calcium balance at the phosphorus 
intake of 

Average Ca 

balance at 
same Ca 
■ intake re- 
gardless 01 

P intake 

Range 

Level 

324 

mgm. 

627 

mgm. 

922 

mgm. 

1163 

mgm. 

140-194 

vigm, 

164 

mgm. 

0.GS* 

27 

mgm. 

O.SS 

58 

mgm. 

0.31 

64 

mgm. 

0.16 

40 

rrtgn. 

47 

940-994 

973 

s.ot 

313 

1.60 

389 

l.OS 

451 

0.84 , 
435 

397 

1640-1691 1 

1672 

6.1S 

522 

S.G0 

639 

l.SS 

752 

1.46 

702 

654^ 

Average of Ca 
balance at same 

P intake regard- 
less of Ca intake 

287 

362 

422 

392 

1 


Calcium 

intake 

Phosphorus balance at the phos- 
phorus intake of 

Average P 

balanceat 

same ta 
intake re- 

gardlessof 

p intake 

Range 

1 

1 Level 

324 

mgm. 

627 

mgm. 

922 

1 mgm. 

1163 

mgm. 

140-194 

164 

0.63 

-223 

0.38 

-6 

0.31 

7 

.r. 

20 


940-994 

973 

3.01 

-124 

1.60 

113 

1.0S 

82 

0.84 

139 


1640-1691 

1672 

6.1S 

-44 

3.60 

239 

1.83 

301 

201 

. ._l.nru5 

120 

Average P bal- 
ance at same P 
intake regardless 
of Ca intake 

-130 

115 

130 


* Figures in italics are ratios of calcium to ph 
intake. 
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level of calcium intake, progressive increment of 
dietary phosphorus up to 922 mgm. per day re- 
sulted in a slight ascending tendency in the cal- 
cium balance, but further increase to 1163 mgm. 
failed to improve the calcium balance which, in 
fact, fell somewhat at 'the latter level of phos- 
phorus intake. Corrected phosphorus balance 
likewise depended more on calcium than on phos- 
phorus intake. When calcium intake was raised 
from 164 to 1672 mgm., the average phosphorus 
balance increased from — 50 to -f 174 mgm. ; 
whereas various levels of phosphorus intake made 
no striking difference to the phosphorus balance 
except in the case of minimal phosphorus intake 
where negative balance prevailed. 

Balance data on Subject 2, summarized in Ta- 
ble V, show essentially the same findings, namely, 
the greater importance of calcium as the limiting 
factor in both calcium and phosphorus balances. 
However, on a minimal calcium intake of 145 
mgm. he lost on the average 174 mgm, per day in 


TABLE V 

Subject 2. The effect of calcium and phosphorus intake on 
their balances 


Calcium 

intake 

Calcium balance at the phos- 
phorus intake of 

Average Ca 
balance at 
same Ca 
intake re- 
gardless of 

P intake 

Range 

Level 

402 

mgm. 

582 

mgm. 

1094 

mgm. 

mim. 

I 12-178 

mgm. 

145 

mgm. 

0.U* 

-102 

mgm. 

0.20 

-202 

mgm. 

0.16 

-219 

mgm. 

-174 

1012-1078 

1040 

8.63 

113 

1.76 

-58 

0.09 

183 

86 

2012-2084 

2055 

5.08 

230 

3.68 

374 

1.91 

156 

253 

Average Ca balance 
at same P intake re- 
gardless of Ca intake 

1 87 

38 

40 


Calcium 

intake 

Phosphorus balance at the 
phosphorus intake of 

Average P 
balance at 
same Ca 
intake re- 
gardless of 

P intake 

Range 

Level 

402 

mgm. 

582 

mgm. , 

1094 

mgm. 

112-178 

145 

0.U 

-69 

0£0 

-82 

0.16 

-107 

-86 

1012-1078 

1040 

S.63 

-45 

1.76 

-87 

0.99 

54 

-26 

2012-2084 

2055 

6.0S 

-22 

S.5S 

-26 

J.9I 

126 

26 

Average P balance 
at same P intake re- 
gardless of Ca intake 

-45 

-65 

24 



• Figures in italics are ratios of calcium to phosphorus 
intake. 


contrast to Subject 1 who gained 47 mgm. on an 
intake of 164 mgm. The degree of calcium loss 
on a minimal intake in Subject 2 was within nor- 
mal limits (11), while the behavior of Subject 1 
was usually conservative. Thus the latter stored 
approximately 95 grams of calcium and 43 grams 
of phosphorus in the period of 200 days, equiva- 
lent to 15 per cent of the stores which should be 
in the body, in contrast to the control patient who 
retained only 5.9 grams of calcium and 4.8 grams 
of phosphorus in 108 days. 

Examination of the ratios of calcium to cor- 
rected phosphorus balance (Table II) shows that 
they are above 2 in the majority of instances, and 
above 3 in several instances, bearing no close rela- 
tionship with the ratios of intake. If we accept 
the 'mineral composition of normal bone as 
CaC03.2Ca3(P0^)2 according to the x-ray analy- 
sis of Roseberry, Hastings and Morse (12), then 
the ratio of Ca : P should be 2.26. The fact that 
the ratios of retention in Subject 1 were usually 
higher than that prescribed for normal bone would 
suggest that more calcium was deposited as 
CaCOj than Ca3(P04)2 in the new bone forma- 
tion or 'that calcium suffered to a greater extent 
than phosphorus during the prior demineraliza- 
tion. As to the actual amount of calcium re- 
tained, the maximum was 752 mgm. (or 45 per 
cent of intake) on an intake of 1672 mgm. calcium 
and 922 mgm. phosphorus giving a ratio of 1.83 
(Table IV). 'This happens to be also the level 
and ratio of intake associated with the largest re- 
tention of phosphorus, namely, 301 mgm. (or 32 
per cent of intake) . Thus both calcium and phos- 
phorus have to be given at fairly high levels with 
a ratio approaching 2 in order to secure maximal 
retention of both elements. Otherwise, the ratio 
made very little difference to the calcium balance 
which 'depended mainly on the level of intake, in 
conformity with the work of Shohl (10). 

DISCUSSION 

The present results obtained with the patient 
with osteomalacia receiving continuous admin- 
istration of n'tamin D are in entire agreement with 
those of previous studies on patients whose treat- 
ment with vitamin D was discontinued after rela- 
tively short periods of 4 to 6 weeks when its ma.xi- 
mum effect had been attained. The behavior of 
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scrum calcium and phosphorus, Uie manner of 
conservation of these elements through the uri- 
nary and intestinal tracts, the ability of the pa- 
tients to maintain positive calcium balance on 
minimal intake and to retain large amounts of it 
on higher levels of intake, and finally the relatively 
greater importance of calcium intake rather than 
phosphorus intake as the limiting, factor in both 
calcium and phosphorus retention are essentially 
the same in both instances. Thus vitamin D, 
once given to the extent of its maximum effect, 
will maintain its action unabated for at least sev- 
eral months after its discontinuation, and its con- 
tinuous administration in the treatment of osteo- 
malacia does not seem to offer any substantial 
advantage. 

In the therapy of osteomalacia, while vitamin D 
administration corrects the basic metabolic defect, 
it is essential that both calcium and phosphorus be 
given at fairly high levels, preferabty with a ratio 
of approximately 2 in order to promote large re- 
tention of both elements and therefore rapid 
restoration of the mineral contents of the de- 
pleted osseous system. With ordinary Chinese 
dietaries which are low in calcium and fairly high 
in phosphorus, the desired high level of calcium 
intake has to be supplied as calcium salts, while 
that of phosphorus intake can easily be taken care 
of by the diet. 

The behavior of the patient without skeletal de- 
calcification resembles that of patients having heal- 
ing osteomalacia in respect to the reciprocal rela- 
tionship between urinary calcium and phosphorus, 
the approximately parallel relationship between 
stool calcium and phosphorus, the dependence of 
both calcium and phosphorus balances on calcium 
intake, and the slight effect of phosphorus intake 
as a limiting factor in both calcium and phos- 
phorus retention. On the other hand, he differs 
in that the serum phosphorus is relatively more 
stable toward dietary changes, and in that the 
magnitudes of urinary and stool excretion of cal- 
cium and phosphorus are greater, resulting in 
negative balance on low intake and only slight 
retention on higher levels of intake. These dif- 
ferences are but an expression of the fact that in 
a relatively normal individual measures of min- 
eral conservation are less urgently in need of ap- 

' in. 


SUMMARY 

1. In two patients, one with osteomalacia under 
reparation and tlic other with syphilitic osteitis of 
radius and tibia, the scrum levels of calcium and 
phosphorus, paths of excretion and retention of 
tlicsc elements were studied in relation to their 
levels and ratios of intake. 

2. Serum calcium was fairly constant in both 
cases, while serum inorganic phosphorus tended to 
lower with a higher ratio of Ca : P intake in the 
first jiatient. No such variations were demon- 
strable in the second patient 

3. A reciprocal relationship between calcium 
and phosphorus in urine was shown in both in- 
stances. Whenever the Ca : P ratio in the diet 
was high, urinai*}' calcium increased, while urinar)' 
phosphorus diminished. An opposite change in 
the ratio resulted in a diminution of urinary cal- 
cium coinciding with a rise of urinary phosphorus. 

4. Fecal calcium and phosphorus varied with 
their respective level of intake, while fecal phos- 
phorus was also partly dependent on calcium in- 
take. 

5. Retention of either calcium or phosphorus 
depended more on the calcium than phosphorus 
intake, although both had to be supplied in fairly 
large quantities with a Ca : P ratio of approxi- 
mately 2 in order to realize maximal retention of 
both elements to promote efficient repair of skele- 
tal demineralization in osteomalacia. 

6. The present study with prolonged admin- 
istration of vitamin D revealed no essential di 
ference from the previous work with limited 
min D therapy, showing that the effect of vitamin 
D lasts long after its discontinuation. 


CASE HISTORIES 


ad- 


Case 1. H. F. M., a Chinese housewife of 32, was 
initted on August 28, 1935 for pain in back and effs 
difficulty in walking. These began 7 years prior 
mission when she had her first pregnancy. La 
spontaneous but lasted for more than 24 hours- _ 
that she had periodical exacerbations of the j^^^gors. 
toms in winter and spring when she kept herse i 
The second pregnancy occurred 4 years after 
and resulted in a seven months’ premature la 
than 48 hours. Henceforth symptoms 
She could neither stand on her feet 
without support. Her diet had always been ex^ 
poor. In the cold months she lived on cerea s 
vegetables. In the warmer months some fres i vc 


more 

worse 
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were available. Meat was seldom taken and eggs only 
occasionally. 

Examination on admission confirmed her statement 
about her inability to stand or walk without support. 
Body weight was 40 kgm. and height 136 cm. On lying 
down, the right thigh was slightly flexed and abducted, 
with the knee joint held in 30° flexion. Movement at the 
hip joint caused pain. There was no tenderness along 
the lower extremities. The pelvis was of the funnel type. 
Symphysis pubis protruded and sacrum was prominent. 
Tenderness was marked over the sacro-iliac joints, pelvic 
bones, lower ribs and lumbar vertebrae. The right upper 
molar teeth and lower incisors were loose. Other physi- 
cal findings were normal. X-ray showed a deformed 
pelvis and general osteoporosis and some pleural thicken- 
ing with adhesions in the right lower chest. Blood cal- 
cium was 8.92, phosphorus 3.29 mgm. per cent, and plasma 
phosphatase 4.9 units (Bodansky). Blood counts and 
urinalysis were essentially normal. Stool was positive 
for ova of ascaris. Metabolic studies were carried out in 
four-day periods for 212 days from October 4, 1935 to 
May 2, 1936. Besides the dietary treatment and vitamin 
D administration she also received physiotherapy in the 
form of exercises for extension of the hip and spine and 
infra-red irradiation. At the time of discharge she could 
walk fairly well without support, and x-ray of bones re- 
vealed definitely increased density. 

Case 2, L. Y. S., a Chinese man of 24, entered on July 
13, 1934 for swelling and lengthening of the right leg of 
8 years’ duration and of the right forearm of two years’ 
duration. Onset was insidious without history of injury. 
He had occasional low grade fever and pain after pro- 
longed walking. He had had venereal exposures. 

The patient was found to be slightly undernourished. 
Body weight was 42.2 kgm. and height 159 cm. His right 
leg was S.S cm. longer than the left and also bigger espe- 
cially in the lower part. There was slight tenderness 
over the right tibia, and the overlying skin was slightly 
warmer than that of the left side. The knee and ankle 
were not involved. Right forearm was l.S cm. longer 
than the left. The elbow and wrist were free. Other 
physical findings were essentially normal. X-ray of the 
bones showed irregular areas of condensation and rare- 
faction in the cortex involving the entire length of right 
tibia and radius. The rest of the skeleton appeared nor- 
mal. Blood and urine examinations revealed no signifi- 
cant findings. Stools contained ova of ascaris. Blood 
calcium was 9.7 and phosphorus 4.2 mgm. per cent. Basal 
metabolic rate was -k 8.4 per cent. Blood Wassermann 


and Kahn tests were strongly positive. Metabolic studies 
were carried on for 108 days (27 four-day periods from 
September 18, 1934 to January 3, 1935). Subsequent in- 
tensive antisyphilitic treatment to date has given rise to 
marked improvement in the bone lesions. 
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Iron is now recognized in three forms in the 
blood : hemoglobin iron, plasma iron, and “ easily 
split-off ” iron. The last has been so termed be- 
cause weak acids readily free it from its lightly 
bound state in the eiythrocytes and in plasma. 
Barkan (1), Lintzel (2), Starkenstein and 
Weden (3), Dominici (4), and others (5, 11) 
have gone far toward defining this “ leicht 
abspaltbare Bluteisen ” fraction, and Barkan has 
demonstrated that it may be subdivided into two 
parts : E, comprising about 60 to 70 per cent of 
the whole and present only in the erythrocytes, is 
bound by carbon monoxide in such a manner that 
it is protected against the “splitting-off” action 
of weak acids; and E', constituting about 30 to 
40 per cent of the fraction and present in plasma 
as well as in the red cells, is not bound by carbon 
monoxide. In addition to these three forms, iron 
is also present in the nuclei of the leukocytes in 
minute amounts comparable to those found by 
Warburg in practically all cells of the body as a 
part of the respiratory enzyme mechanism. 

Plasma iron and “ easily split-off ” iron have 
been the subject of many recent investigations in 
an attempt to determine their physiological sig- 
nificance. Progress in this direction has been de- 
layed primarily because the small amounts of iron 
present in these two fractions are difficult to de- 
termine. Most of the earlier techniques lack 
accuracy and dependability. The amount of 
hemoglobin iron is so many times greater than 
the amounts of non-hemoglobin iron in blood that 
it is difficult sharply to separate the one from the 
other. Normal values reported by different in- 
vestigators for plasma and for “ easily split-off ” 
blood iron have shown wide variations. Conse- 
quently, a skeptical attitude, not entirely unjusti- 

^ These studies were begun during the tenure of a Na- 
tional Research Council Fellowship in the Department of 
Medical and Surgical Research, Ohio State University. 


fied, has arisen concerning the very existence and 
independent identity of the non-hemoblogin iron 
fractions. 

The present series of studies has been directed 
toward a better understanding of the mechanism 
and significance of iron transportation and utiliza- 
tion. A knowledge of the normal zonal range for 
the plasma and “ easily split-off ” blood iron frac- 
tions with an accurate measure of the dependabil- 
ity of the methods used in determining them 
is fundamental. This communication, therefore, 
will attempt to analyze critically the methods of 
quantitation that have been used in the past ; will 
present certain changes in technique which have 
been found of help in establishing the dependabil- 
ity of the chemical analyses; and from original 
data accumulated in this laboratory, and from the 
literature, will suggest the limits for the range of 
normal variation. 

A. PLASMA AND SERUM IRON 
7. The non-hemoglobinous nature of plasma iron 

Because it has been extremely difficult to meas- 
ure quantitatively the minute amounts of hemo- 
globin due to hemolysis which may be present in 
blood plasma or serum, there has been consider- 
able hesitancy about accepting the small amounts 
of iron found in plasma as really of non-hemo- 
globinous origin. Whole human blood contains 
approximately 50 mgm. per cent hemoglobin iron, 
a quantity of iron 500 times greater than the 
amounts reported by most observ’ers as occurring 
in normal plasma (range 50 to 180 micrograms 
per cent). The erythrocytes from which the 
plasma or serum samples are separated must 
necessarily be subjected to the trauma which al- 
way's accompanies venesection and centrifugation 
so that some hemolysis is almost unavoidable ; and 
only' 18 to 51 mgm. per cent hemoglobin needs be 
present in plasma to account for all the iron nor- 
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mally found. It will be apparent, however, that 
abundant experimental evidence exists upon which 
to establish plasma iron as a non-hemoglobinous 
fonii of iron. 

Henriques and Roche (6), Marlow and Taylor 
( 7 ), and others examined plasma and scrum 
samples spectroscopically for the absorption bands 
of oxyhemoglobin before making their determina- 
tions. Henriques and Roche (6) found spectro- 
scopic methods capable of detecting 3 to 5 mgm. 
per cent hemoglobin (10 to 16.5 micrograms per 
cent hemoglobin iron). By adding to their sera 
a known amount of hemoglobin and rediluting 
with graduated dilutions until the absorption 
bands of oxyhemoglobin just faded out, they were 
able to quantitate the amount of hemoglobin pres- 
ent within a stated accuracy of 10 per cent and 
to prove that only a fraction of the iron present 
in the samples analyzed by them was hemoglobin 
iron. 

Fowweather (8), by drawing blood very care- 
fully into an oiled syringe, transferring it 
promptly to a paraffined tube and centrifuging 
immediately at high speed, was able to throw the 
blood platelets down with the other formed ele- 
ments of blood before coagulation began. The 
plasma thus obtained contained no anticoagulant 
and gave a negative benzidine reaction with a 
benzidine reagent whose sensitivity was such that 
it could detect one part per million of hemoglobin 
(less than 1 microgram per cent hemoglobin 
iron). Bing and Hanzal (9), working with dog 
blood, were unable to duplicate Fowweather’s re- 
sults and again considered it necessary to find 
some way of measuring the amounts of hemo- 
globin present in the plasma or serum with which 
they were working. They devised a colorimetric 
method based on the color formed with benzidine ; 
but because of the proteins present in plasma and 
serum, only about 75 per cent of a known amount 
of added hemoglobin could be recovered. Hence, 
on each set of determinations a factor of recovery 
had to be determined and all results corrected ac- 
cordingly. 

By slightly modifying Fowweather’s method, 
we have been able to obtain with fair consistency 
human sera," which contained less than 1 micro- 


-The term “serum,” rather than "plasma,” is used 
advisedlj'. . The speed at which blood was centrifuged 


gram per cent of hemoglobin iron. Instead of us- 
ing an oiled syringe, blood was permitted to flow 
from an 18 gauge needle directly into a paraf- 
fined tube, immediately following which the blood 
was centrifuged at 2500 r.p.m. for 45 minutes. 
Occasionally, slight hemolysis occurred, particu- 
larly when important blood specimens had to be 
collected at some distance from the laboratory and 
immediate centrifugation was impossible. Under 
such circumstances, a quantitative determination 
of the hemoglobin iron present in the serum be- 
came necessary. The following method, based on 
the benzidine-hemoglobin color reaction, was ac- 
cordingly devised. 

Crystalline benzidine dihydrochloride was prepared ac- 
cording to the method of Leiboff (10). One cc. of a 
freshly prepared 1 per cent aqueous solution of this 
reagent was placed in a glass comparator tube (vial 
11 X 2 cm.) along with varying quantities of dilute 
hemoglobin solutions of known concentration and the 
volume made up to 10 cc. with distilled water. To this 
was added 1 cc. of 3 per cent hydrogen peroxide, and the 
whole observed for the development of the characteristic 
blue color reaction. Two blanks for comparison were 
similarly prepared, one with the hemoglobin solution 
omitted, and the other with no hydrogen peroxide added. 
Since the color gradually developed to its maximum in- 
tensity and then immediately began to fade, comparison in 
a colorimeter was not practical. The comparator tubes, 
instead, were observed through the depth of the fluid 
against a white background, daylight being used as the 
source of light, and the smallest amount of hemoglobin 
(0.2 to 0.4 microgram under these circumstances) which 
would just develop a perceptible color with the benzidine 
reagent was determined. In a similar manner, the small- 
est quantity of any particular serum or plasma prepara- 
tion which would just give a perceptible color with the 
benzidine was noted. The hemoglobin iron content could 
then be calculated in the following manner : 

100 

(c) S' X — = fig per cent hemoglobin in serum, 

Q 

(b) fig per cent hemoglobin in serum X 0.334 per cent 
(Butterfield’s factor) (37) — fig per cent 

hemoglobin iron m serum, 

was evidently not great enough to throw the platelets 
down with the other formed elements. After IS to 20 
minutes of centrifugation, therefore, coagulation of the 
cell-free plasma occurred. The fibrin of the clot, how- 
ever, was whirled down onto the surface of the packed 
red and white cells almost as rapidly as it was formed. 
There it made a white, rubbery, button-like partition be- 
tween the serum and the underlying cellular elements, and 
served to keep the red cells from being disturbed while 
the serum was removed with a pipette. 
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where /tg ~ micrograms, 

S — mierograms of hemoglobin which reagent 
was jqst capable of detecting, 

q — smallest quantity of scrum which just gave 
a perceptible color. 

Any colorimetric method wliich uses as its end- 
point the smallest amount of any reacting sub- 
stance which, under given conditions, will just 
form a perceptible color with a chromophore 
group is open to obvious objections and to con- 
siderable error. The described benzidine method, 
however, accomplishes the end of demonstrating 
the fact that only a small amount of the iron pres- 
ent in plasma or serum samples prepared as de- 
scribed is hemoglobin iron. It possesses a spe- 
cial advantage in that it is relatively more ac- 
curate in the lower ranges of hemoglobin iron 
concentration than is either the spectroscopic 
method of Henriques and Roche (6) or the benzi- 
dine method of Bing and Hanzal (9). If, for 
example, the sensitivity of the benzidine dihydro- 
chloride reagent is 0.3 microgram per cent hemo- 
globin, and the smallest amount of a particular 
serum preparation which will just develop a color 
with it is 0.1 cc., then the hemoglobin iron con- 
centration of that serum is only 1 microgram per 
cent. For all practical purposes, it matters little 
whether there is 100 per cent variation from this 
figure. As the hemoglobin concentration becomes 
higher, the just detectable color is given by 
smaller amounts of serum, the denominator in the 
equation (o) above becomes smaller, and the error 
produced by any error in the reading becomes 
correspondingly greater. In Table I are pre- 
sented representative data: 1, illustrative of the 
accuracy of the method in recovering known 
amounts of hemoglobin added to serum, and, 2, 
comparing figures for hemoglobin iron in inten- 
tionally hemolyzed specimens obtained by the 
benzidine method with those obtained by actually 
observing the increase in total iron. If the hemo- 
globin iron concentrations are greater than 40 to 
SO micrograms per cent, the method has but little 
value and spectroscopic methods of quantitation 
would seem to be more applicable. 

The most commonly used method for differ- 
entiating between hemoglobin and non-hemoglobin 
iron in serum eliminates the hemoglobin by pre- 
cipitating it with trichloracetic acid. The actual 
iron determination is then made on the protein- 
free filtrate of the serum sample being analyzed. 


TABLE I 

Accuracy of the henziiine method for determination of 
hemoglobin iron present in serum or plasma 
I. Recovery of added known quantities of hemoglobin 


Hcfnoglobm 
iron in scrum 

i 

Hemoglobin 

Total hemoglobin iron 

Total amount 
recovered 

iron added 

Calculated 

1 

Determined 

mterosrams 

micrograms 

micrograms 

mierograms 

mierograms 

per cent 

per cent 

per cent 

per cent 

per cent 

0.2 

1.2 

1.4 

2.4 

2,2 

0.2 

2.4 

2.6 

2.5 

2.3 

0.2 

9.9 

10,1 

10.0 

9.8 

2.4 

2.3 

4.7 

7.3 

4.9 

2.4 

22.8 

25.2 

16.7 

14.3 

2.4 

45.6 

48.0 

36.5 

34.1 


II. Comparison of iron and benzidine determination of 
hemoglobin iron 




Iron 

determination 

Hemoglobin iron 
determination 

Pa- 

tient 

Diag- 

nosis 

Se- 

rum 

Hemo- 

lyzed 

se- 

rum 

Hemo- 
globin 
iron In- 
crease 

Sc- 

rum 

Hemo- 

lyzed 

sc- 

rum 

Hemo- 
globin 
iron in- 
crease 



mgm. 

per 

cent 

mgm. 

per 

cent 

mgm. 

per 

cent 

mgm. 

per 

cent 

mgm. 

per 

cent 

mgm. 

per 

cent 

A. K. 

Polycythemia 

"Normal" 

0.036 

0.0S4 

0.018 

0.006 

0.029 

0.023 

J. J. Q. 

0.117 

0.144 

0.027 

<0.001 

0.036 

0.036 

W, A. 

"Normal" 

0.113 

0.201 

0.088 

<0.001 

0.092 

0,092 

W. S. 

Treated P. A. 
“Norma”’ 

0,069 

0.131 

0.062 

<0.001 

0.063 

0,063 

C. M. 

0.1.37 

0.512 

0,375 

<0.001 

0,391 

0.391 

C. M. 

"Normal" 

0.09.3 

0,102 

0.007 

<0.001 

0.012 

0.012 

J.J.Q. 

After hemor- 
rhacc 

0.063 

0.088 

0.025 

<0.003 

0.017 

0.014 

L. R. 

Iron de- 
ficiency 

0.046 

0.072 

0.026 

<0.C01 

0.048 

0.048 


As pointed out by Fowweather (8) and Tompsett 
(11), however, appreciable quantities of true se- 
rum iron are carried down with the trichloracetic 
acid precipitate, probably by a process of co- 
precipitation, and values so obtained are corre- 
spondingly low. The data presented in Tables 
II and III substantiate Fowweathcr’s conclusions. 
Iron determinations were made according to the 
method described later in this paper. Protein- 
free filtrates of serum were prepared by adding 3 
parts of water to 1 part of serum and then 1 part 
of a 20 per cent aqueous solution of redistilled 
trichloracetic acid, permitting the whole to stand 
for 15 minutes, and then centrifuging at high 
speed until the precipitate was well packed. By 
substituting varjdng amounts of a standard iron 
solution (0.1 mgm. per cent iron as ferric chlo- 
ride) for equal amounts of the water portion, it 
was possible to establish (Ta!)le III) the fact that 
a definite amount of added iron was also carried 
down with or trapped by the protein precipitate. 
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TABLE II 

Recovery of scrum iron after precipitation of proteins with 
trichloracetic acid 


Subject 

Total 
iron in 
scrum 


Non- 

hemo- 

globin 

serum 

iron 

Scrum iron 
recovered in 
tricliloracctic 
acid 
filtrates 



scrum 

Amount 

Recov- 

ered 

E. S. o’ Polycythemia vera— 

viRtn. 

per 

cent 

wgm. 

per 

cent 

tngin. 

per 

cent 

mam. 

per 

cent 

per 

cent 

after blecdinR 

M. B. o’ Hypochromic anc- 

0.039 

<0.001 

0.039 

0.026 

66.7 

mia 

W. S. o' Pernicious anemia 

0.029 

<0.001 

0.029 

0.024 

82.8 

(liver therapy for 2 weeks) 
E. H. o’ "Normal” 

0.057 

<0.001 

0.057 

0.047 

82.5 

o.oas 

<0.001 

0.005 

0.052 

80.0 

C. V. M. ©'“Normal",... 

0.126 

<0.001 

0.126 

0.101 

80.1 

A. R- 9 "Normal" 

A. H. c? “Normal" 

0.135 

<0,001 

0.135 

0.127 

94.8 

0.126 

<0.001 

0.126 

0.108 

85.7 

O. E. d* Aplastic anemia. . . 
E. R. 9 1 hour after 6.0 
grams ferrum reductum— 

0.163 

0.002 

0.161 

0.124 

77.0 

orally 

0.185 

<0,001 

0.185 

0.121 

65.4 

C. C. d* Aplastic anemia. . . 
G. H. 9 Pernicious anemia 

0.300 

0.004 

0.296 

0.211 

71.3 

of pregnancy 

0.274 

0.004 

0.270 

0.191 

69.9 


TABLE m 

Effect of trichloracetic acid precipitation on recovery of known 
amounts of iron added to serum 


Subject 

Non- 

hemo- 

globin 

Serum iron 
recovered from 
triohloracelio 
acid filtrate 

Iron 

ad- 

Total 

iron 

deter- 

mined 

Added Iron 
recovered 

serum 

iron 

Amount 

Re- 

cov- 

ery 

ded 

in 

fil- 

trate 

Amount 

Re- 

cov- 

ery 

E. S. o’ Polycythemia 

mgm. 

per 

cent 

0.039 

mgm. 

per 

cent 

0.026 

per 

cent 

67 

mgm. 

per 

cent 

0.033 

mgm. 

per 

cent 

0.058 

per 

cent 

0.032 

per 

cent 

97 

vera 

0.039 

0,020 

67 

0.067 

0.074 

0.048 

72 

0.039 

0.020 

67 

0.133 

0.122 

0,096 

72 

C. V. M. cP “Normal" 

0.095 

0.0S3 

87 

0.100 

0.171 

0.0S8 

88 

L. K. 9 “Normal" 

0.124 

0.115 

93 

0.050 

0.157 

0.042 

84 

0.124 

0.115 

93 

0.200 

0.276 

0.101 

81 

J. J. Q. o’ “Normal" 

0.117 

o.ni 

95 

0.050 

0.155 

0.044 

88 

C. V. M. o’ “Normal" 

0.110 

0.095 

86 

0.100 

0.168 

0.073 

73 

P, F. o’ Pernicious ane- 

0.221 

0.152 

69 

0.050 

0.186 

0.034 

68 

mia in relapse 

0.221 

0.152 

69 

0.100 

0.219 

0.067 

67 


A critical analysis of these two tables demon- 
strates that there is no true constancy about the 
amount of serum iron lost in the precipitation 
process, and that this quantity may vary from 
only 5 or 10 per cent to as much as 40 per cent. 
It is interesting to note that the loss recorded in 
the values for the two cases of aplastic anemia is 
comparatively high. The factors which influence 
the amount of iron lost along with the protein 
precipitate are, however, not at present apparent. 


TABLE IV 


Recovery of iron added to serum 





Iron 



Sub- 

AmounI 

Tot.al 

added 

Total 


of 

iron 

ns 

iron 

Re- 

jeet 

scrum 

in 

ferric 

deter- 

covery 


digested 

scrum 

chlo- 
ride * 

mined 





msm. 


per 

cent 


cc» 

per 

cent 

per 

cent 

per 

cent 

Pernicious anemia 9 





(early remission) . . . 
Hypochromic anemia 

10 

0.057 

0.050 

0.107 

100 

c? 

10 

0.028 

0.100 

0.128 

100 

Pernicious anemia ep 

(early remission) . . . 

10 

0.040 

0.200 

0.237 

99 

Normal c? 

10 

0.117 

0.050 

0.100 

0.200 

0.167 

0.197 

0.288 

0.206 

0.299 

100 

102 

97 

97 

99 

Normal c? 

10 

0.095 

0.095 

Norma! cf’ 

10 

Normal cf 

10 

0.158 

0.050 

0.100 

Aplastic anemia cf . . . 

5 

0.200 

Aplastic anemia o' . . . 

5 

0.200 

0.200 

0.403 

102 


* Iron added as a solution of ferric chloride (prepared 
from standard iron wire) which contained 0.100 mgm. per 
cent iron. Thus, to add 0.050 m^m. per cent iron to 10 
cc. serum, 5 cc. of the iron solution was added; or to add 
0.100 mgm. per cent iron to 10 cc, serum, 10 cc. of the iron 
solution was added; or to add 0.200 mgm. per cent iron 
to 10 cc. serum, 20 cc. of the iron solution was added. 


TABLE V 

Scrum iron determinations on “normal" adults 


Males 

Females 

Subject number 

•n 

u 

o 

«•> 

CJ 

w 

Scrum iron 

U 

CJ 

6 

s 

c 

u 

s 

w 

’C 

u 

o 

rt 

s 

Serum iron 

Total 

iron 

in 

se- 

rum 

Hemo- 

globin 

iron 

in 

scrum 

Non- 

hemo- 

globin 

scrum 

iron 

Tota 

iron 

in 

se- 

rum 

j Hemo- 
globin 
iron 
in 

serum 

Non- 

hemo- 

globin 

serum 

iron 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

41 

12 

13 

14 

15 

per 

cent 

46 

44 

44 
46 

45 
49 

46 

46 
45 
45 
48 

47 
45 

45 

46 

mgm. 
per 
cent 
0.112 
0.098 
0.162 
0.112 
0.126 
0.1 IS 
0.157 
0.126 
0.174 
0.118 
0.096 
0.122 
0.164 
0.1 IS 
0.121 

mgm. 

per 

cent 

0.008 

<0.001 

0.003 

0.002 

0.032 

<0.001 

0.024 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.026 

mgm. 

per 

cent 

0.104 

0.093 

0.159 

0.110 

0.094 

0.115 

0.133 

0.126 

0.174 

0.118 

0.096 

0.122 

0.164 

0.115 

0.095 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

per 

cent 

45 

42 

45 

45 

41 
44 
39 

42 

42 

43 

44 
42 

42 

43 
43 

mgm. 

per 

cent 

0.119 

0.110 

0.087 

0.120 

0.093 

0.114 

0.124 

0.108 

0.145 

0.065 

0.058 

0.083 

0.085 

0.114 

0.099 

mgm. 

per 

cent 

<0.001 

0.028 

<0.001 

<0.001 

<0.001 

0.016 

<0.001 

<0.001 

0.003 

<0.001 

<0.001 

0.003 

<0.001 

<0.001 

<0.001 

mgm. 

per 

cent 

0.119 

0.072 

0.087 

0.120 

0.093 

0.098 

0.124 

0.108 

0.142 

0.065 

0.058 

O.OSO 

0.08S 

0.114 

0.099 



Maximum 

0.174 



Maximum 

0.142 



Minimum 

0.094 



Minimum 

0.058 



Average 

0.1215 



Average 

0.0976 


Barkan (1, g) showed that the iron in serum or 
plasma is not ultrafiltrable, but that it is made so 
when acidified with weak hydrochloric acid. He 
incubated the acidified plasma for 24 hours at 
37,5° C. and then submitted it to a process of 
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Iron content of human serum or plasma 


Investigators 

Material used 

1 

Subjects 


Results 

1. Starkenstein and Weden (3) . . . . 

i 

Protein free serum (trichloracetic acid) 

Adults 

5 

mgm. i>er cent 

0.690*(0.570-0.790) 

2. Rieckcr (21o) 

Protein free serum (trichloracetic acid) 

Adults 

40 

1.110(0.9-1.4) 

3. Marlow and Taylor (7) 

Protein free serum (defibrinated; trichlor- 

Adults 

S 

0.400-0.700 

4. Warburg and Krebs (19) 

acetic acid) 

Whole serum. Catalytic method 

Adults 

4 

0.084(0.067-0.116) 

S. Langer (22) 

Protein free serum (trichloracetic acid) 

Adults 

20 

0.110(0.050-0.180) 

6. Guthmann, Bruckner, Ehren- 
stein and Wagner (23) 

Whole serum (ultrafiltration) 

Men 

22 

0.065(0.042-0.098) 

7. Locke, Main and Rosbash (24). . 

Protein free serum (trichloracetic acid) 

Women 

Men 

26 

8 

0.068(0.035-0.098) 
0.100 ± O.OIS 

8. Barkan (Ig) 

Whole plasma and serum 

Women 

Adults 

9 

IS 

0.077 ± 0..015 
0.10S*(0.056-0.140) 

9. Fowweather (8) 

Hemoglobin free whole plasma 

Men 

10 

0.125(0.095-0.180) 

Women 

10 

0.105(0.060-0.156) 

10. Tompsett (11) 

Thiolactic acid-protein free serum 

Adults 

msa 

0.120-0.220 

11, Thoenes and Aschaflenburg (25) 

Protein free serum (trichloracetic acid) 

I Infants at 
j birth 
Children 

13 days 
to 9 years 
Adults 

12 

0.173(0.134-0.291) 

12. Roosen-Runge (26) 

Whole serum-ultrafiltration 

60 

10 

0.040-0.196 

0.110 

13. This study 

Whole serum (hemoglobin present quanti- 

Men 

15 

0.121(0.094-0.174) 

tated) 

Women 

IS 

0.097(0.058-0.142) 


* Not “normal” subjects. 


ultrafiltration. Under these conditions, the iron 
of the hemoglobin molecule does not become 
ionizable; and the iron which passes through the 
filter represents the non-hemoglobin plasma iron. 
That the values obtained by Barkan with such a 
method are in close agreement with those ob- 
tained by other investigators is apparent from 
Table VI. We have been able to confirm Bar- 
kan’s observations by acidifying serum with 0.2 N 
HCl and dialyzing it at body temperature in a 
cellophane membrane against 0.1 N HCl for 48 
hours. Values so obtained have agreed remark- 
ably with those arrived at by actual digestion of 
the whole serum or plasma. 

It is, therefore, possible to: 1, prepare serum 
or plasma which is, for all practical purposes, free 
of hemoglobin; 2, quantitate small amounts of 
contaminating hemoglobin iron in serum; 3, pre- 
cipitate any contained hemoglobin along with se- 
rum proteins with trichloracetic acid ; and 4, sepa- 
rate the non-hemoglobin serum iron from any 
hemoglobin present by ultrafiltration or dialysis 
after acidification with 0.1 N HCl. The method 
of precipitation is open to objection in that a 
portion of the non-hemoglobin iron is carried 
down with the protein precipitate, and the re- 


sultant serum iron values are correspondingly 
low. With these various methods of eliminating 
or quantitating hemoglobin iron in serum, the 
non-hemoglobinous character of the quantities de- 
termined by the technique immediately to be de- 
scribed seems to be established. 

II. The determination of plasma and scrum iron 

Since only 50 to 180 micrograms of non-hemo- 
globin iron are normally present in 100 cc. of 
human serum, and since it is frequently not prac- 
tical to obtain more than 10 to 15 cc. of scrum for 
analysis, methods used to quantitate serum iron 
must be capable of measuring 6 to 10 micro- 
grams or less of the metal. Titrimetric methods 
of sufficient sensitivity to accomplish this result 
have so far not been developed, and chief reliance 
has been placed on colorimetric determinations. 
Most satisfactory of these, particularly because of 
the greater intensity of the color developed, is 
that which depends on the red color of ferric thio- 
cyanate. 

The thiocyanate method used in these investiga- 
tions is a modification of Kennedy’s (12) pro- 
cedure. 
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1. All glassware used was washed with concentrated 
HCl and rinsed with water redistilled from an all glass 
West distillation apparatus (13). This double glass- 
distilled water was used throughout. 

2. Reagents used: (a) reagent grade sulfuric acid 
(Grasselli) ; (b) 30 per cent hydrogen dioxide (Baker) ; 
(c) reagent grade nitric acid (Grasselli) ; (d) iso-amyl 
alcohol (Merck Blue label) ; and (c) potassium tliiocy- 
anatc (Merck Blue label). The trichloracetic acid used 
for the determinations listed in Tables II and III was 
distilled under reduced pressure from a modified West 
distillation unit. 

3. Digestion. Either 10 or 15 cc. of measured scrum 
were pipetted into a 300 cc. Kjcldaht flask along with 5 
cc. of concentrated sulfuric acid and digestion carried 
out over a moderate Bunsen flame. After charring and 
the usual rapid evolution of CO- had occurred, the diges- 
tion mixture was permitted to cool, 4 to 5 cc. of 30 per 
cent hydrogen peroxide were added and the mixture again 
heated. Repeated additions of hydrogen peroxide — ^9 to 
12 cc. usually sufficed — were made until the solution be- 
came colorless. The flask was then rinsed down with 
the double glass-distilled water and reheated to insure 
complete breakdown of the peroxide. Several drops of 
concentrated nitric acid were added while the sulfuric 
acid digest mixture was still hot (70 to 100° C.), and the 
whole transferred to a 50 cc. glass stoppered volumetric 
flask. 

4. Colorimetric comparison. Twenty cc. aliquot por- 
tions of the sample were pipetted into 60 cc. cylindrical 
glass-stoppered separatory funnels and overlaid with 10 
cc. iso-arayl alcohol. Five cc. of a 20 per cent KSCN 
solution were then blown into the funnels and the mix- 
ture immediately shaken. The colored amyl alcohol layer 
was separated and colorimetrically compared with a simi- 
larly prepared iron standard amyl alcohol solution of 
ferric thiocyanate. Occasionally, clouding of the amyl 
alcohol occurred, but a second shaking before separation 
from the aqueous layer always sufficed to obviate this 
difficulty. 

The iron standard was prepared by placing exactly 0.5 
gram of reagent iron wire in a one liter volumetric flask 
calibrated by the United States Bureau of Standards, dis- 
solving it in concentrated HCl and HNOs (at room tem- 
perature for 2 to 3 days) and then diluting it to volume. 
Two cc. of this solution diluted to one liter contained 
0.1 mgm. per cent ferric iron, and varying quantities of 
it were digested in the manner described above (using 
comparable amounts of reagents), made up to a 50 cc. 
volume, and 20 cc. aliquot portions taken for the prepara- 
tion of the actual colorimetric standards. Standard solu- 
tions of iron which varied in iron content from 0.005 
mgm. of iron per SO cc. to 0.05 mgm. of iron were kept 
on hand and that one selected for any particular deter- 
mination which most closely approximated the iron con- 
centration of the “unknown.” 

The total amount of iron present in the quantities of 
reagents used for one analysis varied between 10 and 12 
micrograms per cent. Since comparable amounts of re- 


agents were added to the standards, the error thus intro- 
duced was practically negligible except for serum iron 
concentrations of less than 0.030 mgm. per cent. 

5. Calculation ; 

100 

— X X Fc = mgm. per cent iron, 

U cc. of scrum 

where S = reading of the standard ; 

U = reading of tiie unknown; 

Fc = quantity of iron present in SO cc. of the iron 
standard prepared as described above. 

6. Precipitation with trichloracetic acid. For the de- 
termination of iron in a trichloracetic acid protein-free 
filtrate of scrum or plasma, 1 part of scrum was diluted 
with 3 parts of water. To this was added 1 part 20 per 
cent trichloracetic acid with gentle shaking. The mix- 
ture was permitted to stand for 15 minutes and the pro- 
tein precipitate centrifuged down. An aliquot portion of 
the clear supernatant, protein-free solution was then di- 
gested with H;SO« and the iron content determined as 
described under 3, 4 and 5 above. 

That the iron loss noted in such “ filtrates ” was due to 
a process of co-precipitation and not to partial volatiliza- 
tion of the iron as ferric chloride, was apparent from the 
following experiment. On repeated occasions, 10 cc. of 
serum were placed in a 300 cc. Kjeldahl digestion flask 
along with 30 cc. of water and 10 cc. of 20 per cent tri- 
chloracetic acid, and the whole digested. The amount of 
iron recovered was always found to be identical with that 
recovered from the simple digestion of 10 cc. of the same 
serum sample. 

The addition of nitric acid to the hot digestion 
mixture insures the complete oxidation of iron to 
the ferric state (14). Amyl alcohol was used to 
extract the iron thiocyanate color in preference to 
the more volatile ether, acetone, and ethylacetate 
(16). The red color of iron thiocyanate was 
found to be stable in amjd alcohol solutions for 
at least fifteen minutes, so that there was ample 
time in which to make the colorimetric compari- 
sons. Attention has frequently been called to the 
necessity for regulating the acidity of the solu- 
tions in which the ferric thiocyanate color is de- 
veloped and from which it is extracted by amyl 
alcohol or any one of the other extractives just 
mentioned (14, 15, 17). However, under the 
conditions described, it was found that the color 
developed was constant in an acidity range of 
from 1 to 5 N HaSO*. Furthermore, the quanti- 
ties of serum or plasma digested were relatively 
constant and the amount of H 2 SO 4 used, stand- 
ardized. The normality of the digestion mix- 
tures after having been diluted to 50 cc. has never 
been found to be outside the limits of 2 to 4 N. 
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The accuracy of the method is in part defined 
in Table IV in which the recovery of known 
amounts of iron added to serum prior to digestion 
is recorded. It is apparent that a recovery of 96 
to 102 per cent was achieved, an accuracy en- 
tirely adequate for the study of plasma and serum 
iron values in health and in disease. 

III. Normal values for serum or plasma iron 

Determinations of serum iron in various lab- 
oratory and domestic animals have been made by 
Fontes and Thivolle (18), Starkenstein and 
Weden (3), Henriques and Roche (6), Warburg 
and Krebs (19), Barkan (1, d), Abderhalden and 
Moller (20), and others. The observations re- 
corded are not sufficiently numerous to merit 
tabulation for comparison. In general, the values 
reported for animals are SO to 100 per cent higher 
than the normal human mean. 

Part of the reluctance to accept as valid the re- 
cent work on non-hemoglobin serum and plasma 
iron has grown out of the fact that normal levels 
reported ' by different investigators, particularly 
those working with human subjects, have shown 
as much as 1000 per cent variation. In Table VI, 
however, in which is presented in summary form 
the various values for normal human plasma iron 
so far reported, it is apparent that the results of 
only three groups of investigators (3, 7, 21) are 
out of line with the rest. If these three reports 
are omitted from consideration, one is impressed 
with the unanimity of the data presented by the 
remaining workers, an agreement that is all the 
more remarkable in that at least four different 
techniques were employed.^ The reasons for the 
higher figures given in the three dissenting re- 
ports listed above are not obvious from a review 
of the available data. However, the great simi- 
larity in the normal zonal ranges obtained by nine 
group? of investigators constitutes sufficient di- 
verse confirmation, we feel, to permit the follow- 
ing two conclusions: 1, in normal human sub- 
jects, the serum or plasma iron level varies from 
aproximately 0.050 to 0.180 mgm. per cent; and, 
2, the mean value for serum iron in normal males 


® 1. The catalytic method of Warburg. 

2. The ultrafiltration of serum before digestion. 

3. Thiolacetic acid method. 

4. Various modifications of the thiocj’anate method. 
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is aproximately 0.020 to 0.030 mgm. per cent 
higher than the mean value for normal females. 
Table V tabulates the determinations on each of 
the thirty normal subjects studied by us and sum- 
marized in Table VI. 

IV. Comparison between plasma and serum 
iron values 

It is of theoretical interest, as Fowweather has 
indicated, to compare serum and plasma iron 
values since there is the possibility that some of 
the plasma iron may be removed in the clot when 
serum is formed. We have found that when 
blood obtained by venipuncture is permitted to 
run from an 18 gauge needle directly into a paraf- 
fined centrifuge tube and immediately centrifuged 
at 2500 r.p.m., the erythrocytes and leukocytes 
are packed before coagulation takes place. The 
plasma, in fact, usually does not coagulate for 15 
to 20 minutes; and as the fibrin forms, it is 
thrown down as a thin layer on top of the formed 
elements. For the present study, two tubes of 
blood were collected and centrifugation immedi- 
ately begun. After 12 minutes, one of the tubes 
was taken from the centrifuge, the unclotted 
plasma removed, and 10 cc. of it pipetted promptly 
into a Kjeldahl digestion flask. Coagulation oc- 
curred within a few minutes after the transfer, 
but all of the constituents of the plasma were 
obviously digested. The second tube was re- 
moved from the centrifuge at the end of an hour. 
Complete coagulation had occurred within this 
period, and the fibrin had been centrifuged down. 
A 10 cc. quantity of the serum was then removed 
for digestion. The iron values obtained for these 
serum and plasma specimens collected simul- 
taneously agree with each other well within the 
limits of error of the method (Table VII), and 
demonstrate the fact that no appreciable quantity 
of iron is removed from plasma when coagulation 
occurs. 

Abderhalden and Moller (20) have raised the 
question as to whether any iron is added to serum 
from the cells when whole blood is permitted to 
coagulate. In order to study this possibility, 
two tubes of blood were collected from subjects 
as above described. One of these was immedi- 
ately centrifuged for 60 minutes and the scrum 
collected in the manner that was routine through- 
out these studies. The second tube was per- 



620 


CARL V. MOORE, \VM. R. ARROWSMITII, J. J. QUILLIGAN, JR,, AND J. T. READ 


TABLE VII 

Comparison hdvjccn scrum and plasma iron values 


Subject 

liVliolo scrum 

TiTiolo plasma 

Va- 

ria- 

tion 

Total 

iron 

pres- 

ent 

Hemo- 

glo- 

bin 

iron 

Non- 

hemo- 

Iglobin 

iron 

Total 

iron 

pres- 

ent 

llcmo- 

glo- 

liin 

iron 

Non- 

licmo- 

rdobin 

iron 


rngm. 

mp-m. 

mffm. 

mcm. 

mQm, 

piffm. 



per 

rcT 

rcr 

pn 

per 

per 

per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

E. S. o' Polycvtlicmla 








vera after blccdinp 

0.029 

0.002 

0.027j 

0.028 

0,0015 

0.027 

0 

L. R. 9 Idiopathic lijTX)- 








chromic anemia 

0.051 

<0.001 

0.054 

0.052 

<0.001 

0.052 

-3.8 

F. F. o' Pernioioua ane- 








min (remmaon) 

0.110 

0.003 

0.110 

0.118 

<0.001 

0.118 

-M.7 

C.V.M. o’ ‘‘Normal’’... 

0.148 

0.004 

0.144 

0.140 

<0.001 

0.140 

-2.8 

A. K. c? ft hours after 10 








grams ferrum rcductum 









0.218 

<0.001 

0.218 

0.223 

0.001 

n 000 

-pl.8 

C. C. o’ Aplastic anemia . 

0.313 

0.002 

0.311 

0.308 

<0.001 

0.308 

-0.0 


mitted to stand at room temperature for 40 min- 
utes, by which time complete coagulation had oc- 
curred. The clot was then gently loosened and 
the serum obtained by centrifugation. So close 
an agreement was obtained between the iron con- 
tent of the serum specimens prepared in these 
two ways (Table VIII) that it has been possible 

TABLE vxir 

Comparison of tlic non-liemoglobin iron content of serum 
prepared by: I, Immediate centrifugation and separation 
from the formed elements; and II. Centrifugation after 
complete coagulatioiilof the whole blood. 


Subject 

Scrum obtained 
by immediate 
centrifugation 

Serum obtained after 
complete coagulation 
of the whole blood 
(40 minutes after 
venesection) 

Va- 

ria- 

Total 

iron 

pres- 

ent 

Hemo- 

glo- 

bin 

iron 

Non- 

hemo- 

globin 

iron 

Total 

iron 

pres- 

ent 

Hemo- 

glo- 

bin 

iron 

Non- 

hemo- 

globin 

iron 

tion 


mpm, 

per 

mom, 

per 

mgm. 

per 

mgm, 

per 

mgm, 

per 

mgm, 

per 

per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

A. K. o' Polycjdhemia 
vera after bcedmg 

0.022 

<0.001 

0.022 

0.022 

<0.001 

0.022 

0 

W. S. (f Pernicious ane- 
mia (after liver) 

0.057 

<0.001 

0.057 

0.057 

<0.001 

0.057 

0 

L. R. o’ Pernicious ane- 
mia (after liver) 

0.060 

<0.001 

0.060 

0.057 

<0.001 

0.057 

-5.0 

C. V. M. o' "Normal". . 

0.098 

<0.001 

0.008 

0.090 

<0.001 

0.096 

-2.0 

J. J. 0. o' “Normal ’’.... 

0.117 

<0.001 

0.117 

0.123 

0.004 

0.119 

+1.7 

J. R. cP “Normal" 

0.158 

<0.001 

0.158 

0.150 

<0.001 

0.150 

-5.3 

0. B. o' Aplastic anemia.. 

0.163 

0.001 

0.162 

0.160 

0.001 

0.165 

+2.0 


to conclude that non-hemoglobin iron is not in- 
creased in serum in appreciable amounts when 
whole blood coagulates. 


V. Summary 

Evidence which tends to establish plasma or 
serum iron as of non-hemoglobinous origin has 
been presented. Reference to four different 


chemical methods by which the iron in sera may 
accurately be detennined has been made, and a 
detailed description of the colorimetric thiocyanate 
technique used in these studies has been given. 
The normal zonal range for human plasma iron 
was found to be approximately 0.050 to 0.180 
mgm. per cent. The average value for normal 
men proved to be slightly higher than the aver- 
age for normal women. No essential difference 
in the plasma and scrum iron values was de- 
tected. 

The chemical relationships and nature of serum 
iron are not well understood. It is known that 
scrum iron does not pass through a semi-permea- 
ble membrane unless altered as by acidification 
(1> O) > the iron, therefore, is not in an ionized 
state. It may be present as a component of a 
complex radical. Starkenstein and Harvalik 
(46) believe it to be in combination with the pro- 
tein of the serum, and, more specifically, with 
globulin. Little doubt remains that the iron in 
serum is in the trivalent state (46). 

B. “ EASILY SPLIT-OFF " BLOOD IRON 

Barkan (1, a, h) and Lintzel (2, a), working 
independently, each made the observ^ation that 
when whole blood is subjected to the action of 
various of the digestive ferments, approximately 
5 to 10 per cent of the blood iron is changed to 
an ionized form. They later discovered that the 
same “ splitting-off ” action is exerted either by 
dilute acids or by dilute bases alone. Lintzel 
and Radeff (2, b) were able to “ split-off ” this 
ionizable iron from preparations of cij'^stalline 
hemoglobin and came to believe that the metal 
was derived directly from the dissodation of the 
hemoglobin molecule. Barkan repeated Lintzel’s 
observations, but on one occasion (1, b) obtained 
a preparation of crystalline hemoglobin, preserved 
constantly under alcohol, from which only traces 
of iron could be dissociated or “ split-off ” by 
dilute hydrochloric acid. This and other data led 
him to believe that “ das leicht abspaltbare 
Bluteisen ” fraction constituted a third type of 
blood iron, distinct from either hemoglobin or 
plasma iron. In subsequent well controlled, well 
directed researches, Barkan (1, c) has attempted 
further to establish the identity of “ easily split- 
off ” iron and has tentatively ascribed to it the 
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function of iron transportation in the blood 
stream (1, 0- 

That some 5 to 10 per cent of the iron in blood 
is ionized by dilute acids, there can be no doubt. 
It is not as yet certain, however, that the “ easily 
split-off ” fraction is a non-hemoglobinous form 
of blood iron even though it must be admitted that 
the experimental evidence accumulated by Barkan 
points definitely to that conclusion. 

It is unfortunately true that “the precise as- 
certainment of the Fe content of purified human 
hemoglobin is a problem that awaits solution ” 
(Peters and Van Slyke (27)). Nevertheless, a 
close approximation to that content has probably 
been obtained by Hiifner (28) and by Morrison 
and Hisey (29) who found that hemoglobin con- 
tained 0.34 per cent iron. With the use of this 
figure, it is possible to calculate from the whole 
blood iron that amount of hemoglobin which 
would be present per unit of peripheral blood if 
all of the iron were present in hemoglobinous 
combination.'* The calculated hemoglobin value, 
then, might be compared with that obtained by 
actual determination with either oxygen capacity 
or acid hematin methods. If there should be 
agreement between the determined and the calcu- 
lated hemoglobin values, it would be fair to as- 
sume that all of the blood iron (except that pres- 
ent in the serum) is hemoglobin iron. Such an 
agreement would constitute presumptive evidence 
that the “ easily split-off ” iron is dissociated from 
the hemoglobin molecule per se. If, on the other 
hand, it should be found that more iron is present 
in the blood stream than can be accounted for by 
the hemoglobin present, then it would seem that 
Barkan’s point of view would be substantiated, 
and “ easily split-off ” iron would have to be con- 
sidered a form of non-hemoglobin blood iron. 
As a matter of fact, many such comparisons have 
been made. Most observers (12, 30 to 36) have 
obtained agreements of 1 per cent or less be- 
tween calculated and determined hemoglobin 
values. But Klumpp (38), using the oxygen 
capacity gasometric method for the determination 
of hemoglobin, and Josephs (39), using an add 
hematin method, found more iron present in the 

* The serum iron is relatively so small that it may, for 
the sake of convenience, be omitted from the present con- 
sideration. 
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blood stream than would have been the case had 
it all been present as a component of the hemo- 
globin molecule. Until more definite agreement 
is attained, therefore, no conclusions may be 
drawn from this type of reasoning. 

“ Easily split-off " blood iron has been deter- 
mined in several ways. Barkan (40) acidified 
whole blood with 0.8 per cent hydrochloric acid, 
incubated it for 24 hours at 37.5° C., and then 
passed it through an ultrafilter, using a collodion 
membrane. He showed that the ionization or 
“ splitting-off ” process was not immediate, but 
that it was practically complete at the end of 24 
hours. Dominici (4) and Starkenstein and 
Weden (3) heated hydrochloric acidified whole 
blood to boiling and then precipitated the proteins 
with trichloracetic acid. Winegarden and Bor- 
sook (41) obtained the fraction by placing 5 cc. 
of blood and 5 cc. of 0.2 N HCl in cellophane 
bags and dialyzing against 0.1 N HCl at 37.5° C. 
for 24 hours, changing the outside acid once at 
the end of 6 to 8 hours. Olesk (43) and Schwarz 
and Deckert (42), using the ultrafiltration 
method, obtained values which are in close agree- 
ment with those of Barkan. Dominici (4) made 
the interesting observation that 0.1 N H.SO^ will 
“ split-off ’’ considerably more iron than 0,1 N 
HCl. 

The method employed in this study is similar 
to the one used by Winegarden and Borsook. 
Cellophane tubing was cut in 12 inch lengths and 
washed for 24 hours in iron-free 0,2 N HCl. 
Each end of the cellophane strip was then slipped 
over a short section of glass tube (13 mm. diame- 
ter, 2 inches long), made fast with a rubber band, 
and the whole washed with iron-free water. Into 
one of the open ends, 5 cc. of whole oxalatcd 
blood and 5 cc. of 0.2 N HCl were pipetted. The 
membrane was then suspended in a 250 cc. beaker 
containing 100 cc. 0.1 N HCl, The dialysis was 
carried out at 37.5° C. At 24 hour intcrv'als for 
4 days, the outside HCl was removed and replaced 
by a fresh 100 cc. At the end of the dialyzing 
period, the total amount of HCl which had been 
used outside the membrane was made up to a vol- 
ume of 500 cc. Aliquot portions of this were 
digested in Kjeldahl flasks and the iron determi- 
nations completed in a manner similar to that 
described for the determination of plasma or sc- 
rum iron. Under these conditions, only alwut 
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65 to 75 per cent of the ionized iron was obtained 
after a 24 hour period of dialysis ; over 95 per 
cent was dialyzed in 4 days. Detectable, but very 
small amounts of iron could be obtained in the 
PICl surrounding the membrane for 2 or 3 days 
more. The method was standardized, however, 
for a 4 day dialyzing period. 

The average value obtained by Barkan on 
twenty-two human subjects in Frankfort was 1.42 
mgm. per cent. Schwarz and Deckert (42), 
working in Hamburg, found a variation of from 
1.26 mgm, per cent to 1.6S mgm, per cent with 
an average of 1,47 mgm. per cent, Olesk (43) 
working in Barkan’s laboratory in Esthonia, ob- 
served an average value of 1.85 mgm. per cent on 
73 subjects, with range extremes of 1.39 to 2.23 
mgm. per cent. He reported that the average 
figure for males was slightly higher than the av- 
erage for females. Dominici (4), however, using 
sulfuric instead of hydrochloric acid, noted a vari- 
ation from 0.92 to 3.12 mgm, per cent on twelve 
subjects, and obtained an average of 2.22 mgm, 
per cent. This last observation by Dominici to 
the effect that greater amounts of iron are “ split- 
off ” by sulfuric than by hydrochloric acid led us 
to make determinations of the “easily split-off” 
iron fraction on the same sample of blood using 
different acids in several concentrations. In Ta- 
ble IX are recorded several such experiments in 
which hydrochloric, sulfuric, and nitric acids were 


TABLE IX 

"Easily split-off" blood iron as determined ivith varying 
concentrations of different mineral acids 


Sub- 

ject 

HCI 

H:SO, 

UNOj 

0,05 N 

0.1 N 

0.2 N 

0.35 N 

0.1 N 

0.2 N 

0.1 N 

0,2 N 


WJCW, 


mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 


t’cr 

per 

per 

per 

per 

per 

per 

per 


cent 

cent 

Cent 

cent 

cent 

cent 

cent 

cent 

C. V.M.,., 


2.100 

1.841 

1.623 

3.614 

3.614 

3.846 

3.670 

W. R. A.. , . 


1.623 

1.238 

1.000 

3.061 

3.061 

3.158 


J.J.Q..... 

3.300 

2.7M 

1.515 

1.316 

3.822 

4.028 

3.750 

3.530 

R. n 

1.8S1 

1.712 

1.S62 


2.608 

2.631 



n. w 

2 . 7.10 

2.362 

2.009 


3.658 

3.691 




used. It is immediately apparent that; 1, sul- 
furic and nitric acids ” split-off ” approximately 
the same amount of iron, an amount that is con- 
siderabljf greater than that “ split-off ” by hydro- 
chloric acid; 2 , sulfuric and nitric acids dissociate 
or ionize approximately the same amounts of iron 
whether used in concentrations of 0.1 or 0.2 N; 
and 3, increasing the concentration of hydro- 
chloric acid tends to decrease, rather than to in- 
crease, the amount of iron it dissociates. 

“ Easily split-off ” iron values on twenty “ nor- 
mal ” human subjects were determined with both 
0.1 N HCl and 0.1 N H 2 SO 4 according to the 
method of dialysis described above. The results, 
together with the pertinent hematological data, are 
tabulated in Table X. The values are somewhat 
higher than those reported by the various Euro- 
pean workers. With 0.1 N HCl, for instance, an 


TABLE X 


"Easily split-off" iron content of "normal” human blood 


Males 

Females 


Hematological data 

1 

“Easily split-ofi” iron 


Hematological data 

“Eiasily split-off” iron 

Sub- 


I 


1 


Sub- 






jecta 



Cell 



jects 



Cell 




R.B.C, 

Hb. 

vol- 

0.1 N HCl , 

O.IN HiSOj 


R.B.C. 

Hb. 

vol- 

0.1 N HCl 

0. 1 N H 2 SO 4 




umc 






un\e 


. 


millions 

grams 

per cent 

mgm. Per cent\ 

mgm. per cent 


millions 

grams j 

per cent 

mgm. per cent 

mgm. per cent 

S, R 

5.22 

15.6 

44.0 

2.186 i 

4.397 

R. B 

4.61 

12.5 1 

44.0 

3.154 

4.786 

B. H 

4.54 

16.5 

47.4 

2.167 

4.340 

M. H 

4.47 

14.1 

40.0 

2.520 

4.318 

W H 

4.90 

16.3 

40.0 

2.286 

3.707 

M. M 

4.32 

13.2 

38.0 

1.963 

4.436 

W. D. P 

5.16 

15.0 

44.0 

2.613 

4.111 

E. M 

4.69 

13.5 

41.5 

2.934 

4.634 

T. J. Q 

5.85 

16.4 

46.5 

2.600 

3. 70S 

E. M. W. 

5.13 

9.7 

32.5 

2.497 

4.334 

T R 

4.92 

15.2 

44.5 

2.190 

4.026 

L. R 

4.42 

13.3 

40.0 

2.841 

4.859 

b, W 

4.42 

14.8 

40.2 

2.884 

4.142 

G. H 

4.66 

11.7 

37.0 

2.108 

3.576 

C. V. M 

5.21 

15.6 

45.2 

2.076 

3.500 

M. H 

3.80 

12.0 

37.8 

2.301 

3.849 

W. R. A 

4.86 

14.3 

42.0 

1.499 

2.947 

M. A 

4.56 

12.8 

38.0 

2.676 

4.671 

H W. . - . 

3.89 

1.3.9 

41.0 

2.362 

3.658 

M. W 

4.02 

12.2 

36.5 

2.305 

4.366 


Minimum 

1.499 

2.947 



Minimum 

1.963 

3.576 



Maximum 

2,884 

4,397 



Maximum 

3.154 

4.786 

1 


Average 

2.286 

1 3.854 

1 


Average 

2.530 
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average figure of 2.408 mgm. per cent was ob- 
tained, and the range extended from 1.499 to 
3.1S4 mgm. per cent. The only investigator who 
has used sulfuric acid is Dominici, and his tech- 
nique is not strictly comparable to the one used 
here. The “ easily split-off ” iron determinations 
made with 0.1 N sulfuric acid averaged 4.068 
mgm. per cent and varied from 2.947 to 4.786 
mgm. per cent. 

Barkan and Berger (1, e) also observed that 
approximately 60 to 70 per cent of the "easily 
split-off” iron fraction is bound by CO in such 
a manner that it is protected against the “split- 
ting-off” action of acids. The whole of this 
sub-fraction “ E ” is contained in the erythrocytes 
and is reported to have greater affinity for CO 
than does hemoglobin, i.e., with partial saturation 
of the blood, the gas unites with a greater per cent 
of “ easily split-off ” iron than with hemoglobin. 
Schwarz and Deckert (42) and Olesk (43) have 
noted that the CO absorbed by heavy smokers is 
sufficient to bind a portion of the “easily split- 
off" iron, and caution that such determinations 
should be made after a period of “tobacco-fast- 
ing,” The 30 to 40 per cent “easily split-off” 
iron not bound by CO has been termed (1, e) the 
E' sub-fraction and has been observed to be pres- 
ent in both the red cells and in plasma (all of the 
iron in plasma is determined as a part of this E' 
portion). 

Tompsett (11) with a thioglycollic acid method 
and McIntosh (44) by precipitating whole blood 
with trichloracetic acid attempted to determine the 
inorganic iron of whole blood and obtained values 
of about 1.0 mgm. per cent. It is difficult, of 
course, to know how much of the so-called in- 
organic iron fraction which McIntosh measured 
was carried down with the protein precipitate as 
has been shown to occur with plasma iron (Tables 
II and III). Barkan (1, i) has presented evi- 
dence to show that the “easily split-off” blood 
iron is not an inorganic form of iron. 

SUMMARY 

A satisfactory understanding of the chemical 
nature of “ easily split-off ” blood iron has not as 
3'et been attained. Certain it is that approxi- 
mately 5 to 10 per cent of whole blood iron is 
“ split-off ” or dissociated from its usual combina- 
tion by the action of dilute acids. With the 


method of dialysis used in these investigations, 
we have found the average value of this fraction 
on twenty “ normal ” subjects to be approximately 
2.3 to 2.5 mgm. per cent when acidification was 
accomplished with 0.1 N HCl. The figures ex- 
tended from 1.499 mgm. per cent to 3.154 mgm. 
per cent. When sulfuric (or nitric) acid was 
substituted for hydrochloric, however, the values 
obtained were somewhat higher and ranged from 
2.947 to 4.786 mgm. per cent. The significance 
of the greater “ splitting-off ” ability of sulfuric 
and nitric acids is not as yet entirely clear. There 
are no strictly comparable values in the literature 
with which those of the iron “ easily split-off ” by 
sulfuric acid may be compared. Those workers 
who have used hydrochloric acid and Barkan’s 
method of ultrafiltration have obtained range ex- 
tremes of from 1.2 to 2.23 mgm. per cent on 
“ normal ” human subjects. 

“ Easily split-off ” iron may be a form of non- 
hemoglobin blood iron, as Barkan believes, but 
further proof is necessary before we may accept 
this fraction as composed of iron unassociated 
with the hemoglobin molecule. Since evidence 
has accumulated which tends to show that there 
is more than one kind of hemoglobin in human 
blood (45) — and, possibly, in the blood of ani- 
mals as well — , the question naturally arises as to 
what relationship, if any, “ easily split-off ” iron 
may have to the hemoglobin form or forms which 
may be present in relatively small concentration. 
Barkan and Schales (1, n) have pointed out that 
since “ easily split-off ” iron and hemoglobin re- 
act similarly to adsorption on argillaceous earths 
and to cataphoresis, and since both combine read- 
ily with carbon monoxide, the two molecules are 
probably closely related structurally. Dilute 
acids do ionize or “ split-off ” a certain proportion 
of the whole blood iron, but identification of the 
molecule from which this dissociation takes place 
is yet to be accomplished. 

CONCLUSIONS 

I. Plasma or serum iron 

A. Plasma or serum iron is a non-hemo- 

globinous form of blood iron. 

B. Various methods for the detcnnination 

of plasma iron have been described, 
the most satisfactorj' of these be- 
ing the colorimetric method whicli 
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clcterniincs the iron present as fer- 
ric thiocyanate in an amyl alcohol 
solution. 

C. The normal zonal range for human 

plasma iron is approximately 0.050 
to 0.180 mgm. per cent. The av- 
erage value for men is slightly 
higher than the average for normal 
women. 

D. Plasma and serum iron values are es- 

sentially identical. 

II, “ Easily split-off ” blood iron 

A. When whole blood is acidified, 5 to 10 

per cent of the total iron present 
becomes ionized so that it will pass 
through a semipermeable mem- 
brane. 

B. With Barkan’s method of ultrafiltra- 

tion through a collodion membrane 
after acidification of the blood with 
0.8 per cent HCl and incubation at 
body temperature for 24 hours, the 
amount of “ easily split-off ” iron in 
nonnal human subjects has been 
found to vary from 1.2 to 2.25 
mgm. per cent. With hydrochloric 
acidification and the method of di- 
alysis (through a cellophane mem- 
brane) used in these studies, a 
range for “ easily split-off ” blood 
iron of from 1.499 to 3.154 mgm. 
per cent was obtained on twenty 
“ normal ” human subjects. 

C. Sulfuric and nitric acids “ split-off ” 

considerably more iron than does 
hydrochloric acid (range 2.947 to 
4.786 mgm, per cent). Values ob- 
tained with sulfuric and nitric acid- 
ification are in close agreement. 

D. Witli increases in concentration of hy- 

drochloric acid, the amount of iron 
“ split-off ” progressively decreases. 
Changes in concentration from 0.1 
to 0.2 N sulfuric or nitric acids did 
not alter the values obtained. 

E. The work of Barkan points to the con- 

clusion that “ easily split-off ” iron 
is an organic, non-hemoglobinous 
form of iron, but further proof is 
needed before we may accept the 


fraction as being unassociated with 
the hemoglobin molecule. 

Ill, The further validity of these conclusions has 
been suggested by the application of the 
above principles in selected clinical cases 
which arc being presented coincidently. 

BIBLIOGRAPHY 

1, BarkaiJ, G., 

(0) Eisenstudien, I. Zur Fragc dcr Einwirkung 
von Vcrdauuiigsfcrmcntcn auf das Hamoglobinei- 
scii. Ztschr, f. physiol. Chem,, 1925, 148, 124. 

(b) II. Gbcr das Icicht abspaltbarc Blutcisen 
und sciii Varhaltiiis zum Hamoglobin. Ztschr. f. 
pliysiol. Chem., 1927, 171, 179. 

(r) III. Die Vcrteilung dcs Icicht abspaltbaren 
Eisens zwischcii Blutkorperchen und Plasma und 
scin Vcrhaltcn untcr cxpcrimcntcllcn Bedingungen. 
Ztschr. f. physiol. Qicm,, 1927, 171, 194. 

(rf) tlber Saurclosliches Eisen im Blutserum. 
Klin. Wchnschr., 1927, 6, 1615. 

{c) and Berger, E., Diffcrenzicrung des leicht 
abspaltbaren Blutciscns auf Grund seiner Reaktion 
mit KohJenoxj'd und Sauerstoff. Arch. f. exper. 
Path. u. Pharmakol., 1928, 136, 278. 

if) Zur Fragc dcs Blutfarbstoffzcrfalls durch 
verdunnte Sauren. Biochem. Ztschr., 1930, 224, S3. 

ig) VI. t)ber Bestimmungsmethodik und Eigen- 
schaften dcs " leicht abspaltbaren ” Bluteisens. 
Ztschr. f. physiol. Chem., 1933, 216, 1. 

ill) VII. Uber das Verhalten von anorgan- 
ischem Eisen nach Zusatz zum Blute. Ztschr. f. 
physiol. Chem., 1933, 216, 17. 

(1) VIII. Die Unterscheidung des “leicht abs- 
paltbaren ” Bluteisens vom Hamoglobineisen und 
vom anorganischen Eisen. Ztschr. f. physiol. 
Chem., 1933, 221, 241. 

(;') Neuere Untersuchungen iiber das Bluteisen. 
Forsch. u. Fortschr., 1934, 10, 114. 

ik) IX. Zur Frage der Identitat der Blutkata- 
lase mit dem leicht abspaltbaren Bluteisen. Ztschr. 
f. physiol. Chem., 1935, 236, 97. 

(/) X. Weitere Untersuchungen iiber das saure- 
losliche Plasmaeisen. Ztschr. f. physiol. Cbetn., 
1936, 239, 97. 

(i») and Schales, O., XI. Trennung der Blut- 
katalase vom “ leicht abspaltbaren ” Eisen. Ztschr. 
f. physiol. Chem., 1936, 244, 81. 

ill) and Schales, O., XII. Hamoglobin und 
“ leicht abspaltbares ” Eisen bie der Adsorption 
und bie der Kataphorese. Ztschr. f. physiol. 
Chem., 1936, 244, 257. 

2. Lintzel, W., 

(а) Zur Frage des Eisenstoffwechsels. I. 
Verhalten des Blutfarbstofifes bei Kiinstlicher Ver- 
dauung. Ztschr. f. Biol., 1925, 83, 289. 

(б) and Radeff, T., Uber die Hamatmbildung 
aus CO — Hamoglobin und Oxyhamoglobin durch 



PLASMA AND “EASILY SPLIT-OFF ” BLOOD IRON 


625 


vcrdiiniite Saurcn. Biochem. Ztschn, 1928, 203, 

212 . 

3. Starkenstcin, E., and Weden, H., "Ober das anor- 

ganische Eisen dcs Organismus. Arch. f. exper. 
Path. u. Pharmakoi., 1928, 134, 274. 

4. Doniinici, G., La determinazione quantitativa del 

ferro inorganico del sangue. Arch, per le sc. med., 
1929, S3, 538. 

5. Shorland, F. B., and Wall, E. M., The action of cer- 

tain reagents on the “ loosely bound ” iron in 
blood. Biochem. J., 1936, 30,*1049. 

6. Henriques, V., and Roche, A., Sur le Fer du serum 

Sanguin de diverses Especes animales. Bull. Soc. 
chim. biol., 1927, 9, 501. 

7. Marlow, A., and Taylor, F. H. L., Constancy of iron 

in the blood plasma and urine in health and in 
anemia. Arch. Int. Med., 1934, 53, 551. 

8. Fowweather, F. S., The determination of iron in 

blood plasma. Biochem. J., 1934, 28, 1160. 

9. Bing, F. C, and Hanzal, R. F., A method for the 

estimation of serum iron. Proc. Soc. Exper. Biol, 
and Med., 1935, 32, 1013. 

10. Leiboff, S. L., The detection of blood by means of 

benzidine dihydrochloride. J. Lab. and Clin. Med., 
1928, 14, 1187. 

11. Tompsett, S. L., Thiolacetic acid as a reagent for 

the determihation of the inorganic iron content of 
certain biological materials. Biochem. J., 1934, 28, 
1536. 

12. Kennedy, R. P., The quantitative determination of 

iron in tissues. J. Biol. Chem., 1927, 74, 385. 

13. West, E. S., Improved laboratory condenser and its 

use in the construction of apparatus. Indust, and 
Engin. Chem., Anal. Ed., 1930, 2, 199. (Obtained 
from Arthur H. Thomas Co., Philadelphia.) 

14. Farrar, George E., Jr., The determination of iron in 

biological materials, J. Biol. Chem., 1935, 110, 
685. 

15. Winter, O. B., The determination of iron, J. Ass. 

Off. Agric. Chem., 1931, 14, 216, 

16. Stugart, R., Determination of iron in milk and other 

biological materials. Indust, and Engin. Chem., 
Anal. Ed., 1931, 3, 390. 

17. Ascham, Leah, A colorimetric iron method for bio- 

logical materials, J. Home Economics, 1931, 23, 
776. 

18. Fontes, G., and Thivolle, L., Sur la Teneur du Serum 

en Fer non Hemoglobinique et sur sa Diminution 
au Cours de I’Anemie Experimentale. Compt. 
rend, Soc. de biol., 1925, 93, 687. 

19. Warburg, O., and Krebs, H. A., tlber locker ge- 

bundenes Kupfer und Eisen im Blutserum. Bio- 
chem. Ztschr., 1927, 190, 143. 

20. Abderhalden, E., and Moller, P., Untersuchungcn 

fiber den Gehalt des Blutscrums an Eisen, Kupfer, 
und Mangan. Ztschr. f. physiol. Chem., 1928, 176, 
95. 

21. Riecker, H. H., 

(o) Iron metabolism in pernicious and secondary 
anemia. Arch. Int. Med., 1930, 46, 458. 


(h) and Winters, M. E., Serum iron determina- 
tions applied to the study of experimental anemia. 
Am. J. Physiol., 1930, 92, 196. 

22. Langer, A., IJber den Gehalt an Ferrieisen in nor- 

malen und pathologischen Seren. Biochem. Ztschr., 
1931, 242, 316. 

23. Guthmann, H., Bruckner, M. A., Ehrenstein, and 

Wagner, H., Das ultrafiltrable Eisen im Serum der 
Frau (Biologische und klinische Studien). Arch, 
f. Gynak., 1931, 147, 469. 

24. Locke, A., Main, E. R., and Rosbash, D. O., The cop- 

per and non-hemoglobinous iron contents of the 
blood serum in disease. J. Clin. Invest., 1932, 11, 
527. 

25. Thoenes, F., and Aschaffenburg, R., Der Eisenstoff- 

wechsel des wachsenden organismus. S. Karger, 
Berlin, 1934. 

26. Roosen-Runge, E., Beitrag zur Methodik der Bestim- 

mung des “ leicht abspaltbaren ” Eisens im Serum 
und einige klinische Ergebnisse. Klin. Wchnschr., 
1935, 14, 1540. 

27. Peters, J. P., and Van Slyke, J. J., Quantitative Clin- 

ical Chemistry, Vol. I. Interpretations. Williams 
and Wilkins Co., Baltimore, 1931. 

28. Hfifner, G,, Neue Versuche zur Bestiramung der 

Sauerstoffcapadtat des Blutfarbstoffs. Arch, f, 
Anat. u. Physiol., 1894, p. 130. 

29. Morrison, D. B., and Hisey, A., The carbon monoxide 

capacity, iron and total nitrogen of dog hemo- 
globin. J. Biol. Chem., 1935, 109, 233. 

30. Abt, Arthur F,, Anemia of premature infants. II. A 

comparative study of blood iron and hemoglobin 
values in premature infants. Am. J, Dis. Child., 

1935, 49, 1204. 

31. Johnson, Martha, and Hanke, M. E., The iron con- 

tent and oxygen capacity of blood. J. Biol. Chem., 

1936, 114, 157. 

32. Sobel, I. P., and Drekter, I. J., Determination of the 

iron content of the blood in children. Am. J. Dis. 
Child., 1933, 45, 486. 

33. Dowden, C. W., and McNeill, J. S., A clinical study 

of blood iron and hemoglobin. J. Lab. and Qin. 
Med., 1934, 19, 362. 

34. Lindsay, J. W., Rice, E. C., and Selinger, M. A., A 

plea for a standardized method of estimating and 
reporting hemoglobin values. J. Lab. and Clin. 
Med., 1926, II, 737. 

35. Haden, R, L., The determination of hemoglobin by 

the iron content method. J. Lab. and Clin. Med., 
1934, 19, 406. 

36. Helmer, O. M., and Emerson, Charles P., Jr„ The 

iron content of the whole blood of normal indi- 
viduals. J. Biol. Chem., 1934, 104, 157. 

37. Butterfield, E. E., tlber die Lichfcxtinkion, das Gns- 

bindungsvermogen und den Eiscngehalt dcs 
menschlichen Blutfarbstoffs in normalcn und 
krankhaften Zustanden. Ztschr. f. physiol. Chem., 
1909, 62, 173. 

38. Klumpp, Theodore G., The s'ariability of non-hemo- 

globin iron. J. Qin. Invest., 1935, 14, 351. 



626 


CARL V. MOORE, \VM. R. ARROWSMITII, J. J. QUILLIGAN, JR., AND J. T, READ 


39. Josephs, H. W., The iron of the blood. A compari- 

son of values for haemoglobin determined by the 
Newcomer method and calculated from the iron 
content. Bull. Jolms Hopkins Hosp., 1935, 56, 50. 

40. Barkan, G., Verfahren zur Bestimmung dcs “ Icicht 

abspaltbarcn ’’ Bluteisens. Abderhaldcn, E., 
Handb. d. biol. Arbeitsmethoden, 1935, 5, No. 8, 
1207. Verlag von Urban und Schwarzenberg, 
Berlin. 

41. Winegarden, H. M., and Borsook, H., On the spec- 

trophotomctric differentiation of the hemoglobins 
of different species. J. Cell, and Comp. Physiol., 
1933, 3, 437. 

42. Schwarz, L., and Deckert, W., Uber Icicht abspalt- 


barcs Blutcisen bei Vergiftungen und andcren 
Krankheiten. Klin. Wchnschr., 1935, 14, 601. 

43. 01c.sk, J., Uber den normalgchalt an “ leicht abspalt- 

barem ” Eisen im Blute dcs Menschen. Klin. 
Wchnschr., 1935, 14, 1006. 

44. McIntosh, J. F., The nonprotein iron of the blood. 

J. Clin. Invest. (Proc.), 1933, 12, 967. 

45. Brinkman, R., and Jonxis, J. H. P., The occurrence 

of several kinds of hemoglobin in human blood. 
J. Physiol., 1935, 85, 117. 

46. Starkcnstcin, E., and Harvalik, Z., tlber eine im 

intermediaren Eisenstoffwcchscl entstchende Ferri- 
globulinvcrbindung. Arch. f. exper. Path. u. 
Pharmakol., 1933, 172, 75. 



STUDIES IN IRON TRANSPORTATION AND METABOLISM. II. THE 
MECHANISM OF IRON TRANSPORTATION: ITS SIGNIFICANCE 
IN IRON UTILIZATION IN ANEMIC STATES 
OF VARIED ETIOLOGY^ 

By carl V. MOORE2 CHARLES A. DOAN, and WM. R. ARROWSMITH 

{From the Department of Medicine, Division of Research Medicine, Ohio State 

University, Columbus) 

(Received for publication March 11, 1937) 


A growing interest in the mechanism by which 
iron is transported in the blood stream has been 
stimulated by the desire to understand more fully 
this essential phase of iron metabolism in the 
mammalian body. With the clarification of this 
important detail a more complete understanding 
of normal erythropoiesis and of the iron de- 
ficiency states may be anticipated. 

Despite a wide variety of observations reported 
in the literature, an entirely satisfactory and ac- 
ceptable experimental definition of the manner in 
which iron transportation is effected has not as 
yet been presented. A. B. Macallum (1), Ehrlich 
and Lazarus (2), and Proescher and Arkush (3) 
observed that histologically many erythrocytes 
give an iron reaction. They assumed, therefore, 
that free iron, not identified with the hemoglobin 
molecule, is present in at least a portion of the red 
cells. Macallum postulated that iron is trans- 
ported by the erythrocytes, and Proescher and 
Arkush further suggested that this may be ac- 
complished through a loose combination with the 
lecithin of the erythrocyte corpuscular membrane. 
Other investigators (4 to 14) have studied the 
iron content of plasma and serum in the hope 
that some light might be shed on this problem of 
mineral transport, but their researches have not 
yielded conclusive information. Barkan (15, a 
and b) has assigned to the “ easily split-off ” 
blood iron fraction the function of iron trans- 
portation and considers plasma iron as the me- 
dium of exchange between the tissues and " easily 


s Presented in part before the twenty-eighth Annual 
Meeting of the American Society for Clinical Investiga- 
tion, May 4, 1936, at Atlantic City, New Jersey. 

- These studies were begun during the tenure of a Na- 
tional Research Council Fellowship in the Department of 
Medical and Surgical Research, Ohio State University, 
and continued during the holding of an Eli Lilly Fellow- 
ship. 


split-off” iron. Dominici (16) has stated his be- 
lief that serum iron, iron adsorbed to red cells, 
and the iron present in leukocytes, all constitute 
iron in the process of transportation by the blood 
stream. 

The statement has been made in the first paper 
of this series (17) that according to current opin- 
ion, at least three different forms of blood iron 
must be considered: hemoglobin iron, plasma or 
serum iron, and “ easily split-off ” iron. The 
physiological function and the chemical nature of 
hemoglobin iron are well established; but for 
neither of the other two is this true (see Figure 
1). That the small amount of iron present as 
such in normal serum (50 to 180 micrograms per 
cent for humans) is not dialyzable, and, therefore, 
is not in an ionized state, is known. Nothing else 
is certain. It is probably trivalent, is most likely 
in organic combination, and is present possibly as 
a complex ion. The two chief views relating to 
its function have been intimated in the preceding 
paragraph. The case for “ easily split-off ” iron 
is even more perplexing. It is so termed because 
it is readily separated by the action of dilute acids 
and bases from its lightly bound state within or in 
association with the erythrocytes. Different con- 
centrations of hydrochloric acid, however, “ split- 
off” different amounts of iron (17), and both 
sulfuric and nitric acids “ split-off ” considerably 
greater quantities than does hydrochloric acid. 
Barkan and Berger observed (18) that saturation 
of blood with carbon monoxide “ bound ” about 
60 to 70 per cent of the total “easily split-off” 
iron fraction in such a way as to protect it from 
the dissociating action of hydrochloric acid. 
Barkan (19) has presented considerable experi- 
mental evidence tending to show that “ easily split- 
off ” iron is an organic, non-hemoglobinous form 
of iron. He is of the opinion that it is intimately 
linked with the function of iron transport. 



626 


CARL V. MOORE, \VM. R. ARROWSMITII, J. J. QUILLIGAN, JR,, AND J. T. READ 


39. Josephs, H. W., The iron of the blood, A compari- 

son of values for haemoglobin determined by the 
Newcomer method and calculated from the iron 
content. Bull. Johns Hopkins Hosp., 193S, 56, 50. 

40. Barkan, G., Verfahren 2 ur Bestimmung dcs “leicht 

abspaltbarcn ’’ Blutciscns. Abderhaldcn, E., 
Handb. d. biol, Arbeitsmethoden, 1935, 5, No. 8, 
1207. Verlag von Urban und Sclnvarzenberg, 
Berlin. 

41. Winegarden, H. M., and Borsook, H., On the spcc- 

trophotometric differentiation of the hemoglobins 
of different species. J. Cell, and Comp. Physiol., 
1933, 3, 437. 

42. Schwarz, L., and Deckert, W., fiber leicht abspalt- 


barcs Blutciscn bci Vergiftungen und andcren 
Krankhcitcn. Klin, Wchnschr,, 1935, 14, 601. 

43. Olcsk, J., fiber den normalgchalt an “leicht abspalt- 

barem ” Eisen im Blutc dcs Mcnschcn. Klin, 
Wchnschr., 1935, 14, 1006 . 

44. McIntosh, J. F,, The nonprotcin iron of the blood. 

J. Clin, Invest. (Proc.), 1933, 12, 967, 

45. Brinkman, R., and Jonxis, J, H. P., The occurrence 

of several kinds of hemoglobin in human blood. 
J. Physiol., 1935, 85, 117, 

46. Starkcnstcin, E., and Harvalik, Z., fiber eine im 

intermediaren EiscnstofTwcchscl cntstchende Ferri- 
globulinvcrbindung. Arch. f. exper. Path. u. 
Pharmakol., 1933, 172, 75. 



THE MECHANISM OF IRON TRANSPORTATION 


629 


glutamate, and ferric pyrophosphate have been 
used in varying dosage. Blood samples were 
withdrawn for analysis before the ingestion of 
iron and at 1, 2, 4, 6, 9, 12, and 24 hours there- 
after. Increases in the serum iron concentration 
to from three to ten times the basal level were 
usually observed, while the minimal change noted 
in " easily split-off ” iron occurred as a reflection 


of the serum iron increase. Data from a repre- 
sentative experiment are recorded in Figure 2. 
The subject in this instance was a 28 year old 
“ normal ” white male. Ten grams of iron and 
ammonium citrate were given and within 2 hours 
the serum iron had risen from its initial level of 
100 micrograms per cent to 285 micrograms per 
cent. At 4 hours, the peak of 365 micrograms 


0'2780 C.V.M, cf, Aged £8 years. "NormeLl” Subject. 



Fic. 2. Serum Iron and “Easily Split-off” Iron Curves During a Twenty-four Hour Period 
Following the Ingestion of 10 Grams of Iron and Ammo.nium Citp.ate 
The iron absorption is clearly reflected in the scrum iron fraction. The only increase in “ easily 
split-off” iron occurred as a result of the serum iron increase (note corrected values). 
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RECOGNIZED FORMS OF BLOOD IRON 

NORMAL VALUES 

PHYSIOLOGIC FUNCTION 

CHEMICAL NATURE 

1. HEMOGLOBIN IRON 

2. PLASMA OR SERUM IRON. 

3. "EASILY SPLIT-OFF’MRON 

a!) Determined with 0.1 n HCl. 

DFpdclionE. 

Bound by CO; reprosenls 60-707. 
of total fraction; present only in 
red Wood cells. 

2) Fraction E.' 

Not bound fay CO: represents 30-40/: 
of total fraction: present in both red 
blood cells and plasma.IAIl of the iron 
in plasma or serum accompanies this 
traction.) 

b.)Determined with 0.tH.H250.t orO.lN.HNOj. 

Approx. 50 mg. 7. 

50- mjjffy, 

’ Barkan’s method 
, of ultrafiltration 
1.2 -2.25 mg. 7. 

Method of dialysis 
used in studies-d?) 

.. 13-315 mg. %. 

2.9 --4-/9 mg. %. 

Inseparably linked with the 
function of Hemoglobin. 

Not previously defmcd.fThe di!a 
presented in this communicotion 
summarirc the cxponmontal 
evidence which tends to as- 
cribe to plasma iron thefunebm 
of iron transportation ) 

Not known. Thought by Balkan 
tobe transport iron. 

Part of the Hemoglobin molecule. 

a) Not dialyzaUe.unlesschangedasbyaddificalion; 

therefore, not in on ionized state, 
h) Valence; probably trivalent. 

c. ) Probably an organic form Tightly bcund'in 
a complex radical. 

d. ) Thought by 5tarkcnsleinand his coworkers 
(17) tow combined with scrtim’giobuJ/n. 

a. ) Mol dialyzable except after acidification 
or alkaliniiation. 

b. ') Probably an organic form. 

c) Non-hemogiobinous character not definitely 
proved. Thought ty Lintzel to be dissociated 
from the hemoglobin molecule, by Barkan to be 
non-hcmoglobmous iron, 
d.) Since "easily split-off iron and hemoglobin 
react similarly to adsorption on the 
argillaceous earths and to kataphoresis, and 
since both combine very readily with carbon 
monoxide. Barkan and Schales (17) suggest that 
the two molecules are probably closely related 
structurally. 


* ;jg= micrograms.. 


Fig. 1 


Lintzel (20, a and h) on the other hand, has re- 
peatedly been able to “ split-off ” equivalent 
amounts of iron from preparations of ciystalline 
hemoglobin, and so has come to feel that “ easily 
split-off ” iron is dissociated from the hemoglobin 
molecule itself. In spite of the confused state of 
our knowledge concerning the source, chemical 
nature, physiological interrelationships, and actual 
identity of “easily split-off” iron, there can be 
no doubt that with the methods discussed in the 
preceding paper (17) a definite fraction of the 
blood iron, constant for any individual blood 
specimen, can be dissociated and accurately deter- 
mined. 

Since there are two forms of blood iron (serum 
iron and “ easily split-off ” iron) for which physi- 
ological functions have not been established defi- 
nitely, it is logical to assume that, as, or in asso- 
ciation with, one of them the transportation of 
iron in the blood stream may be effected. The 
present investigation represents an attempt to test 
the correctness of this assumption and to identify 
transport iron by following the responses both of 
the plasma and of the “easily split-off" iron 
values under the following conditions: 1, follow- 
ing various exogenous and endogenous stimuli 
which influence the rate of absorption of iron 
from the gastro-intestinal tract; 2, during varia- 


tions in the rate of iron utilization by the bone 
marrow in its synthesis of hemoglobin; 3, with 
vaiying adequacy of the iron reserves in the 
body ; and 4, in the presence of red cell destruc- 
tion. 

Effect of the oral administration of iron salts on 
plasma and "easily split-off” blood iron 

Thoenes and Aschaffenburg (12) and Bing, 
Hanzal, and Myers (21) have reported increases 
in serum iron following single doses by mouth of 
various of the iron salts, Marlow and Taylor 
(5) failed to observe any change after the ad- 
ministration of six grams of iron and ammonium 
citrate, but the normal plasma iron values (0.4 to 
0.7 mgm. per cent) obtained by these workers 
were several times higher than those reported by 
the majority of investigators (17) and were as 
high as those obtained at the very peak of the 
absorptive phase in the experiments of Thoenes 
and Aschaffenburg and of Bing, Hanzal, and 
Myers. 

Using the methods previously reported (17), 
we have followed both the serum and “easily 
split-off ” iron values for 24 hours after the oral 
administration in selected individuals of a single 
dose of iron. Reduced iron, ferrous ammonium 
sulphate, iron and ammonium citrate, ferrous 
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TABLE I 

Serum iron and "Easily split-off" iron in clinical states of varied etiology 


Diacnosis 

Subject 1 

1 

Age 

1 

1 

1 

Hematological 

data 

Se- 

rum 

iron 

"Easily split- 
off*’ iron 

Determined 

R.B.C. 

Hb 

Red 

cell 

volume 




1 





micro- 

mgm. 

mgm. 



years 

tnilUons 

grams 

per cent 

grams 

per 

per 



1 




per cent 

cei t 

cent 

I. Iron deficiency (hypochromic) anemias 









A. Chronic hypochromic microcytic anemia (with- 










L. R. 9 

24 

4.09 

8.7 

33.5 

28 

1.699 


Chronic hypochromic microcytic anemia 

J. W. 9 

46 

5.05 

8.9 

32.5 

34 

1.683 

2.970 

Chronic hypochromic microcytic anemia 

H. S. 9 

49 

3.72 

5.8 

25.0 

19 

1.136 

2.149 

Chronic hypochromic microcytic anemia 

E. B. 9 

23 

5.41 

10.1 

31.0 

46 



Chronic hypochromic microcytic anemia 

J. S. cf 

36 

1.92 

3.2 

13.0 1 

22 



Chronic hypochromic microcytic anemia 

H. B. 9 

28 

2.94 

5.7 

22.5 ! 

28 

1.321 

2.027 

3, Following chronic hemorrhage 

i M. N. 9 

1 42 

1 2.63 

4.0 

12.0 

23 

0.855 

l.SOS 

Following chronic hemorrhage 

E. S. o’ 

49 

1.47 

2.2 

11.5 

17 



Following chronic hemorrhage 

L. Van W. 
9 

55 

I 2.52 

4.4 

14.0 

14 


1.487 

Following chronic hemorrhage 

J. B. 9 

38 

4.01 

7.1 


29 



Following chronic hemorrhage 

H. E. cf 

44 

5.35 

9.8 

33.0 

32 


4.SS0 

C. Following therapeutic phlebotomy in polycy- 









themia vera 

F, E, 9 

47 

6.78 

15.6 

56.0 

22 

2.148 

3.947 

Following therapeutic phlebotomy in polycy- 









themia vera 

I A, K, cf 

43 

' 0.82 

14.8 

48.5 

37 

2.076 

3.926 

Following therapeutic phlebotomy in polycy- 
themia vera 

1 E, S. o’ 

46 

4.62 

11.4 

42.8 

46 

1.936 

3.650 

II, Acute hemorrhage 



1 



1 



>4 , From peptic ulcer, 4 days following hemorrhage . 

J. P. o’ 

45 

1.400 

5.0 

15.0 

71 

1 


48 hours later 


1 

1.570 

5.5 


35 



B. Epistaxis, within 24 hours following 

J, D. 9 

60 

3.36 

6.3 

23.6 

97 

mm 

2.719 

1 week later 



2.86 

5.9 

22.0 

31 


2.347 

Ill, Hypoplastic anemia, idiopathic 









Hypoplastic anemia 

D. L. o’ 

25 

2.79 

8.9 

26.0 

209 



"Primary” aplastic anemia 

O. E. o’ 

S3 

0.91 

3.4 

10.5 

294 



“Primary” aplastic anemia after transfusion 



1.94 

7.8 

24.0 

165 

1.534 


"Primary” aplastic anemia after remission 



3.73 

12.7 

42.0 

86 

2.864 

4.310 

“Primary" aplastic anemia 

C. C. O’ 

47 

1.29 

5.0 


313 

1.175 





1.06 

4.6 


296 


1.534 




2.00 

6.2 


282 

1.577 

'2.610 

IV. Myelophthisic anemia 









Accompanying aleukemic leukemia (myelogenous). . . 

Dr. B. O’ 

57 

2.01 

7.3 

16.0 

205 



Accompanying aleukemic leukemia (lymphatic) 

P. R. 9 

40 

1.73 

' 6.6 

23.0 

158 

1.540 

3.125 

V. Macrocytic, hyperchromic anemia (untreated) 


1 







Addisonian pernicious anemia 

S.J. o’ 

i 41 

1.57 

6.0 

16.5 

348 

1.803 


Addisonian pernicious anemia 

H. M. & 

63 

1.43 

6.4 

23.0 

194 

2.404 


Addisonian pernicious anemia 

A. B. 9 

54 

2.49 

11.6 

32.0 

154 

2.048 

3.159 

Addisonian pernicious anemia 

W. W. 9 

42 

1.82 

6.7 

20.5 

167 

2.424 


Addisonian pernicious anemia 

S. B. O' 

77 

1.41 

5.4 

19.0 

211 

1.456 

2.575 

Addisonian pernicious anemia 

P. B. 9 

36 

0.79 

3.0 

8.3 

295 


2.510 

Addisonian pernicious anemia. 

W.S. O’ 

65 

0.67 

3.2 

9.5 

220 

1.835 


Addisonian pernicious anemia 1 

L. R. O' 

49 

1.47 

6.0 

15.0 

306 



Pernicious anemia of pregnancy 

G. H. 9 

22 

1.48 

t 6.6 

18.0 

270 

1.773 

2.655 

Dietary deficiency of extrinsic factor 

V. M. 9 

53 

1.57 

7.1 

20.0 

147 



Pernicious anemia accompanying carcinoma of 



1 






stomach 

T. S. O’ 

59 

1.34 

5,1 

21.0 

278 

2.026 

2.727 

VI. Congenital hemolytic icterus 









A. Acute hemoclastic crisis 

B. y. 9 

57 







Before splenectomy 


1 

1.43 

4.8 

16.0 

157 



15 minutes after splenectomy 



ifn* 

6.5 

25.0 

118 



8 hours after splenectomy 



wMli 

6.3 

25.5 

61 



B, Subacute phase 









Before splenectomy 

B. B, 9 

26 

2.58 

7.2 

21.7 

160 

2.432 

3.970 

IS minutes after splenectomy 



3.41 

11.0 

33.0 

so 


4.180 

7 hours after splenectomy 



3.18 


32.0 

56 

■1 
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per cent was reached. When correction was 
made for this serum iron response, it was evident 
that no significant change had occurred in the 
“ easily split-off ” iron fraction. In general, the 
rise in scrum iron usually began within the first 
half hour, reaehed its maximum at the end of 2 
to 5 hours, and then fell gradually to reach the' 
basal level at the end of 8 to 12 hours. The high- 
est values obtained were in the neighborhood of 
600 micrograms per cent. 

Significant increases in serum iron were ob- 
served following iron and ammonium citrate in 
single doses valuing from 2 to 20 grams. One 
normal subject (V. C., a young woman aged 26 
years with nonnal gastric acidity) failed to show 
any serum iron response to 0.5 gram of reduced 
iron, but had a substantial rise (128 to 345 micro- 
grams per cent) after 5 grams. A series of ob- 
servations were made on Patient E. B., a 25 year 
old nurse in whom a diagnosis of hypochromic 
microcytic anemia with achlorhydria (histamine 
refractory) had been made. Two years before 
the studies here referred to were begun, the pa- 
tient had responded to adequate iron therapy with 
a typical reticulocyte response and rise in hemo- 
globin. Upon discontinuing therapy, however, 
the hemoglobin gradually fell to the original low 
level again. Five grams of reduced iron were 
given (October 13, 1934), and the serum iron 
rose from its base line level of 45 micrograms per 
cent to a peak of 255 micrograms per cent at the 
end of 5 hours. Two weeks later (October 31, 
1934), without any intervening therapy having 
been given, the study was repeated except that 
50 cc. 1 N HCl were given with the 5 grams of 
reduced iron. At this time, the serum iron rose 
from approximately the same initial level to a 
high of 400 micrograms per cent at the end of 
two and one-half hours, and this high level was 
maintained for at least four additional hours. 

Measurements of the blood iron changes fol- 
lowing the oral administration of iron salts have 
been made on more than twenty subjects, and 
among these only three have failed to show in- 
creases in the plasma or serum iron concentration. 
One of the exceptions was a middle aged white 
male acutely ill with a rare mycotic infection. 
The second was a 55 year old retired physician 
who was, at the time of the observation, in an 
aleukemic phase of chronic myelogenous leukemia. 


Ji,.. V 


Both of these men received 15 grams of iron and 
ammonium citrate in one dose; both had normal 
gastric acidity. The third patient was a 38 year 
old colored female with achylia gastrica and typi- 
cal pernicious anemia in relapse. She failed to 
show an increase in her serum iron level after 4 
grams of reduced iron alone, and also after 4 
grams of reduced iron given with 30 cc. 1 N HCl. 
With the reduced iron increased to 6 grams and 
acidified, however, a 50 per cent increase over the 
basal scrum iron value did occur. All three of 
these patients were acutely ill at the time the ob- 
servations were made. Any reason otherwise for 
their failure to respond, as did the rest of the sub- 
jects, is not at present apparent. 

The observation that, following the oral ad- 
ministration of iron salts, serum iron is the only 
iron fraction to increase significantly in the blood 
during the phase of intestinal absorption, is in 
agreement with certain in vitro observations of 
Starkenstein and Weden (14) and of Barkan 
(15, a; 22). These workers added graded 
amounts of various of the iron salts to whole 
blood in vitro and found that invariably all of the 
added iron could subsequently be recovered from 
the plasma ; no increase in iron occurred in asso- 
ciation with the cells. Barkan (22) further noted 
that when iron salts were added to plasma or 
whole blood outside of the body, the iron was 
changed so that it would no longer pass through 
a semi-permeable membrane — unless acidified. 
Similarly, in our experiments, the increased iron 
in the plasma presumably the result of absorp- 
tion from the gastro-intestinal tract was in an 
unionized state and could not be dialyzed through 
a cellophane membrane. 

The iron fractions of the blood in iron deficiency 

states 

In the iron deficiency anemias of varied eti- 
ology, we have found the serum iron values (see 
Table I) to be definitely lower (15 to 40 micro- 
grams per cent) than the zonal range for normal. 
Similar results have been obtained by Locke, 
Main and Rosbash (11) in rabbits made anemic by 
repeated hemorrhages and in a few patients with 
iron deficiency anemias. Thoenes and Aschaffen- 
burg (12) report low serum iron values in nutri- 
tional deficiency in children. Barkan (23) had 
opportunity to study the plasma iron level m 

\ 


THE MECHANISM OF IRON TRANSPORTATION 


631 


TABLE I 

Serum iron and “Easily split-off’’ iron in clinical states of varied etiology 


Diagnosis 

Subject 

Age 

Hematological 

data 

Se- 

rum 

iron 

"Easily split- 
off" iron 

Determined 

RB.C. 

Hb 

Red 

cell 

volume 

w 

O.I N 
HCl 

ith 

I).I N 
HsSOi 








micro- 

mgm. 

mgm. 




years 

millions 

grams 

per cent 

grams 

ter 

per 








per cent 

cei t 

cent 

I. Iron deficiency (hypochromic) anemias 


1 








A. Chronic hypochromic microcytic anemia (with- 










out hemorrhage) 

L. K. 

9 

24 

4.09 

8.7 

33.5 

28 

1.699 


Chronic hypochromic microcytic anemia 

j. vv. 

9 

46 

5.05 

8.9 

32.5 

34 

1.683 

2.970 

Chronic hypochromic microcytic anemia 

H. S. 

9 

49 

3.72 

5.8 

25.0 

19 

1.136 

2.149 

Chronic hypochromic microcytic anemia 

E. B. 

9 

23 

5.41 

10.1 

31.0 

46 



Chronic hypochromic microcytic anemia 

1 J - ^5. 

& 

36 

1.92 

3.2 

13.0 

22 



Chronic hypochromic microcytic anemia 

H. B. 

9 

28 

2.94 

5.7 

22.5 

28 

1.321 

2.027 

B. Following chronic hemorrhage 

M. N. 

9 

42 

2.63 

4.0 

12.0 1 

23 

0.855 

1.505 

Following chronic hemorrhage 

1 E. S. 

& 

49 

1.47 

2.2 

11.5 

17 



Following chronic hemorrhage 

L. Van W. 
i Q 

55 

2.52 

4.4 

14.0 

14 


1.487 

Following chronic hemorrhage 

1 J. B. 

9 

38 

4.01 

7.1 


29 



Following chronic hemorrhage 

‘ H. E. 

cf* 

44 

5.35 

9.8 

33.0 

32 


4.580 

C. Following therapeutic phlebotomy in polycy- 










themia vera 

F, E. 

9 

47 

6.78 

15.6 

56.0 

22 

2.148 

3.947 

Following therapeutic phlebotomy in polycy- 










themia vera 

A. K. 

cT 

43 

6.82 

14.8 

48.5 

37 

2.076 

3.926 

Following therapeutic phlebotomy in polycy- 










themia vera 

E. S. 

cf 

46 

4.62 

11.4 

42.8 

46 

1.936 

3.650 

II. Acute hemorrhage 










A . From peptic ulcer, 4 days following hemorrhage . 

j.p. 

c? 

45 

1.400 

5.0 

15.0 

71 



48 hours later 




1.570 

5.5 


53 



B. Epistaxis, within 24 hours following 

J. D. 

9 

60 

3.36 

6.3 

23.6 

97 

2.010 

2.719 

1 week later 




2.86 

5.9 

22.0 

31 


2.347 

III. Hypoplastic anemia, idiopathic 










Hypoplastic anemia 

D. L. 

6' 

25 

2.79 

8.9 

26.0 

209 



“Primary” aplastic anemia 

0. E. 

& 

S3 

0.91 

3.4 

10.5 

294 



"Primary” aplastic anemia after transfusion 




1.94 

7.8 

24.0 

165 

1.534 


“Primary” aplastic anemia after remission 




3.73 

12.7 

42.0 

86 

2.864 

4.310 

“Primary” aplastic anemia 

C. C. 

S' 

47 

1.29 

5.0 


313 

1.175 

1 





1.06 

4.6 


296 


1.534 





2.00 

6.2 


282 

1.577 

2.610 

IV. Myelophthisic anemia 










Accompanying aleukemic leukemia (myelogenous) . . . 

Dr. S. 

cT 

57 

2.01 

7.3 

16.0 

205 



Accompanying aleukemic leukemia (lymphatic) 

P. R. 

9 

40 

1.73 

6.6 

23.0 

158 

1.540 

3.125 

V. Macrocytic, hyperchromic anemia (untreated) 




1 

1 






Addisonian pernicious anemia 

S.J. 

cf 

41 

1.57 

6.0 

16.5 

348 

1.803 


Addisonian pernicious anemia 

H. M. 

O’ 

63 

1.43 

6.4 

23.0 

194 

2.404 


Addisonian pernicious anemia 

A. B. 

9 

54 

2.49 

11.6 

32.0 

154 

2.048 

3.159 

Addisonian pernicious anemia 

W. W. 

9 

42 

1.82 

6.7 

20.5 

167 

2.424 


Addisonian pernicious anemia 

S. B. 

cT 

77 

1.41 

5.4 

19.0 

211 

1.456 

2.575 

Addisonian pernicious anemia 

P. B. 

9 

36 

0.79 

3.0 

8.3 

295 


2.510 

Addisonian pernicious anemia 

W.S. 

o' 

65 

0.67 

3.2 

9.5 

220 

1.835 


Addisonian pernicious anemia 

L. R. 

d' 

49 

1.47 

6.0 

15.0 

306 



Pernicious anemia of pregnancy 

G.H. 

9 

22 

1.48 

6.6 

18.0 

270 

1.773 

2.655 

Dietary deficiency of extrinsic factor 

V. M. 

9 

S3 

1.57 

7.1 

20.0 

147 



Pernicious anemia accompanying carcinoma of 










stomach 

T. S. 

cT* 

59 

1.34 

5.1 

21.0 

278 

2.026 

2.727 

VI. Congenital hemolytic icterus 










A . Acute hemoclastic crisis 

B. Y. 

9 

57 







Before splenectomy 




1.43 

4.8 

16.0 

157 



IS minutes after splenectomy 




2.270 

6.5 

25.0 

118 



8 hours after splenectomy 




2.320 

6.3 

25.5 

61 



B. Subacute phase 










Before splenectomy 

B. B. 

9 

26 

2.58 

7.2 

21.7 

160 

2.432 

3.970 

15 minutes after splenectomy 




3.41 

11.0 

33.0 

SO 


4.180 

7 hours after splenectomy 




3.18 

10.9 

32.0 

56 

m 

















632 


CARL V. MOORE, CHARLES A. DOAN AND WM, R, ARROWSMITII 


TARLE I — Continued 


Diacnosis 

Subject 

Acc 

llcmatoJaf'Jcal 

(Int.i 

Sc- 

rum 

iron 

"Easily split- 
off” iron 

Determined 

R.D.C 

Ilb 

Red 

cell 

volume 

0.1 N 
IlCl 

ith 

O.I N 
IIsSO. 







micro- 

mgm. 

mgm. 



yrars 

millior.s 

grams 

Per cen 

grams 

per 

per 

VII. Miscellaneous 






L / L iT 1 i 


LC/lt 

Malignant neutropenia 

J. F. 9 

28 

4.38 

12.5 

40.0 

66 



Malignant neutropenia 

C. C. 9 

34 

3.75 

11.9 

38.0 

88 

2.115 


Monocytic leukemia 

J. S. o' 

10 

1.82 

6.1 


228 

1.375 


Myelogenous leukemia 

R. W. d' 

26 




73 



Leukosarcoma 

K. J. 9 

6 

2.06 

5.4 

16.0 

114 



Polycythemia vera (untreated) 

F. E. 9 

47 

10.31 

30.3 

77.0 

90 

3.238 

5.941 

Polycythemia vera (untreated) 

E. S. o’ 

46 

9.84 

17.0 

64.0 

46 

2.085 


Multiple myeloma 

E. S. 9 

52 

3.92 

10.7 

39.0 

60 


3.000 

Hemophilia 

L. W. d 

11 

2.59 

8.8 

23.5 

116 



Thrombocytopenic purpura 

E. M. 9 

18 

4.44 

12.1 

38.0 

172 



Tuberculosis — Sickle cell trait 

L. R. d 

17 

3.44 

8.4 

27.3 

65 

1.905 

2.44S 

Carcinoma of prostate 

S. N. d 

64 

2.400 


25.3 

84 


3.030 

Abscess of prostate and of left thigh 

0. Van W. 
cT 

52 

1.26 

4.4 

16.0 

56 

1.147 

1.986 

"Banti's disease” 

W. W. 9 

38 

2.65 

6.2 

23.0 

19 

2.336 

2.924 

v.,x^?^cute yellow atrophy of liver 

E. L. 9 

40 

3.58 

10.6 

31.0 

^02 



,_/<rirrhosis of liver (portal) 

D. S. d 

45 

3.75 

10.7 

33.8 

-66. 



^^Hemochromatosis 

M. W. 9 

64 

4.02 

11.8 

35.0 

101 

2.419 

4.480 

Chronic nephritis, arteriolar sclerotic 

(--* 1C. 9 

45 

3.05 

7.9 

26.0 


1.924 

2.978 

Multiple nutritional deficiency 

A. S. 9 

33 

2.84 


29.7 

56 

2.020 

3.333 

Diabetes mellitus treated 

E. F. d 

28 

4.90 

18.1 

41.0 

152 



Hypothyroidism 

M. H. 9 

26 

4.30 

12.1 

40.1 

165 

3.125 

4.545 

Hypothyroidism 

C. A. 9 

42 

4.13 

10.7 

33.0 

140 

2.607 

4.199 


horses from the Serum Institute of Dorpot in 
whom anemias had developed following frequent 
bleedings over a long period. The plasma iron 
values in these animals were higher, not lower, 
than normal. What complicating factors, if any, 
such as liver or marrow damage, may have been 
present in these “ serum-producing ” animals to 
alter further their iron metabolism and thus cause 
the plasma iron levels to be high, are, of course, 
not known. 

The “ easily split-off ” iron values, on the other 
hand, showed, in our series of cases, no con- 
sistent change. High normal as well as low and 
lower than normal figures were obtained. Bar- 
kan (15, a) observed that the oral administration 
of iron to rabbits for one to two weeks failed, 
with one exception, to cause any increase in the 
“ easily split-off ” blood iron. The exception oc- 
curred in the case of an animal whose initial 
“easily split-off” iron level was lower than the 
average (0.840 mgm. per cent) ; an increase to 
1.400 mgm. per cent was obtained. 


In order that the blood iron relationships in 
human iron deficiency states might be understood 
more completely than is possible from isolated 
single determinations in different patients, serial 
studies of serum and “ easily split-off ” iron were 
made in a number of selected individuals with hy- 
pochromic anemia over extended periods with and 
without iron therapy. The data from two repre- 
sentative cases is summarized in Figures 3 and 4. 
The first of these (Figure 3) presents the ob- 
servations made on E. R., a young woman, 25 
years old, with hypochromic microcytic anemia 
and hypochlorhydria. Following the oral admin- 
istration of 6 grams of reduced iron in one dose, 
her serum iron rose from its initial low level of 
40 micrograms per cent to a peak value slightly 
over 500 micrograms per cent. After this initial 
observation, the patient was placed on a daily dose 
of 4 grams of iron pyrophosphate. A reticulo- 
cyte response (to 6 per cent) beginning on the 
sixth day of therapy was observed, and the hemo- 
globin gradually rose from its initial level of 9 
grams per 100 cc. to 13 grams by the end of two 
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Fig. 3. Observations on the Serum Iron Level in a Patient with Hypochromic Microcytic Anemia Dur- 
ing A Period of Intensive Iron Therapy 

As an initial observation, a substantial rise in serum iron during the phase of intestinal absorption following 
a single large dose of ferrum reductum was demonstrated. The postabsorptive level of serum iron, however, did 
not increase to the normal range until after the hemoglobin had approximated the normal. 


and one-half months. The serum iron,^ mean- 
while, slowly increased from a basal value of 30 
to 40 micrograms per cent to 60 to 70 micrograms 
per cent, the latter being within the normal zonal 
range. “ Easily split-off ” iron changed only 
from 1.7 to 2.0 mgm. per cent (as determined 
with 0.1 N HCl), both of which figures are within 
the limits established for normal. 

The second experiment to he presented in de- 
tail (Figure 4) was performed on H. S., a 45 
3 'ear old woman with hypochromic microcytic ane- 
mia and an histamine refractory achlorhydria. 
This patient was given 1.2 grams ferrous sulphate 

3 Whenever blood was to be withdrawn for iron analy- 
ses, the iron dosage was omitted during the 24 hour pe- 
riod prior to venepuncture. 


in capsules daily during the early period of study, 
and 6 grams of iron and ammonium citrate daily 
during the last six weeks of obsen^ation. A 
reticulocytosis (to 10 per cent) developed fol- 
lowing the institution of iron therapy, and tlie 
hemoglobin rose from 6 to 12 grams per cent. 
The basal “ easily split-off ” iron values were ap- 
proximately 2.0 mgm. per cent (as determined 
with 0.1 N H;S 04 ), that is, below normal. 
Blood for iron analyses ^ was taken at weekly 
interv'als. The "easily split-off” blood iron was 
still approximately 2.0 mgm. per cent in the speci- 
men taken six days after the commencement of 
iron therapy, but bj" the end of the second week, 
it had practically doubled in value. No signifi- 
cant change from this higher figure occurred 
throughout the rest of the experiment. This in- 
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Fig. 4. Blood Iron Relationships in a Patient with Hypochromic, Microcytic Anemia During 

A Period of Intensive Iron Therapy 

The “ easily split-off ” iron increased to the normal zonal range before any substantial rise in hemo- 
globin had occurred. Serum iron rose to normal only after the hypochromia of the red cells had been 
corrected. 


crease was in line with the previously mentioned 
observation by Barkan (15, a) that animals with 
initially low “ easily split-off ” blood iron values 
may show a rise to normal under the influence of 
oral iron medication, whereas no change occurred 
in those in whom the level initially was within 
normal limits. The serum iron curve, however, 
proceeded quite independently and reached the 
normal zonal range for females only after an ad- 


ditional two weeks of therapy — at a time when 
both the mean corpuscular volume and the mean 
corpuscular hemoglobin concentration had like- 
wise become normal. In other words, the plasma 
or serum iron did not return to normal until after 
the hypochromia of the red cells had disappeared, 
the iron deficiency state had been corrected, and 
the bone marrow had settled down to a more nor- 
mal state of erythrocytogenesis. 
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Briefly, in the human iron deficiency states, 
plasma iron was found always to be low, while 
“ easily split-off ” iron was present in diminished 
to normal quantities. Indeed, in the moderate 
hypochromic microcytic anemias produced in 
three patients with polycythemia vera by thera- 
peutic bleeding over a long period of time, the 
“ easily split-off ” iron values were frequently in 
the higher portion of the normal zonal range. 
Under the influence of iron therapy, plasma iron 
values returned to normal as the mean corpuscular 
hemoglobin concentration increased to normal and 
as the state of iron deficiency was corrected. 
When the initial “ easily split-off ” blood iron 
level was low, a return to the average was effected 
by iron therapy; otherwise, no change occurred. 

Acute hemorrhage 

The opportunity was afforded us on one occa- 
sion to observe the serum iron level in a middle- 
aged physician several days following massive 
hemorrhage from a previously “ silent ” duodenal 
ulcer. At that time, the serum contained 71 
micrograms per cent of iron. Two days later, 
however, the value had fallen to 35 micrograms 
per cent. This stimulated us to follow the blood 
iron relationships under the influence of phle- 
botomy performed as a therapeutic measure in the 
treatment of patients with polycythemia vera. 
The data from one such set of observations, made 
on E. E., a 47 year old white woman with previ- 
ously untreated polycythemia vera, are recorded 
in Figure 5. During a four day period, 3450 cc. 
of blood were removed. The red cells fell from 
10 to 6 million, the hemoglobin from 31 to 15 
grams, and the hematocrit reading from 78 to 48 
per cent. The serum iron level oscillated from 
50 to 80 micrograms per cent for the first three 
days and then fell sharply to the low figure of 18 
micrograms per cent. Determinations made dur- 
ing the subsequent two months showed a slight 
rise in the serum iron curve, but the lower limits 
of the normal zonal range were not reached. 
Relatively, a much smaller decrease in “easily 
split-off” iron (from 6.0 to 5.0 mgm. per cent) 
was noted during and immediately following this 
period of induced hemorrhages. The iron frac- 
tion continued its doumward trend, however, 
throughout the rest of the period, and had fallen 
to 3.95 mgm. per cent at the end of that time. 


In brief, within 48 to 96 hours following an 
acute hemorrhage, a fall in serum iron occurred to 
either a low normal or a lower than normal level. 
This change occurred at approximately the same 
time that the compensatory h)fperplasia of ery- 
throid elements in the bone marrow probably be- 
came evident. “ Easily split-off ” iron, however, 
showed no striking change at the time of hemor- 
rhage, but fell slowly over a period of weeks 
thereafter. There was distinctly no correlation 
between the hemoglobin and the “ easily split-off ” 
iron curves. 

Hypoplastic anemia 

The hypoplastic anemias have been of special 
interest in our attempt to locate and identify trans- 
port iron in the blood because, when uncompli- 
cated by hemorrhage, there should be no de- 
fidency of iron, and because an hypoplastic bone 
marrow obviously will utilize only small amounts 
of iron in hemoglobin synthesis. The concentra- 
tion of transport iron in the blood stream should, 
therefore, tend to be high if the storage depots 
retain their ability to supply iron to the blood 
while the bone marrow becomes progressively 
less able to utilize it. 

Serum iron in the five cases of hypoplastic 
anemia in our series was found to vary from a 
high normal value of 158 micrograms per cent up- 
ward to the abnormally high value of 313 micro- 
grams per cent (Table I). It will be noted that 
the highest figures obtained for serum iron were 
in the two cases of apparently “ primary ” aplastic 
anemia. It is of additional interest that when a 
remission developed in one of these patients 
(O. E.), his serum iron fell from its initial Icvd 
of approximately 300 micrograms per cent to a 
normal value of 86 micrograms per cent, reflect- 
ing directly the increase in erythropoietic activity. 
“ Easily split-off ” iron was determined in only 
three cases. In two, the values were within nor- 
mal limits; in the third (C. C.), they were below 
normal. 

Pernicious anemia 

In pemidous anemia, opportunity is afforded 
for the study of blood iron relationships in the 
same indin’dual under markedly contrasting con- 
ditions. During a relapse, there is a rariablc 
amount of abnormal red cell destruction, dimin- 
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POLYCYTHEMIA VERA 



Fig. S. Effect of Therapeutic Phiebotomy on the Blood Iron Fractions in a Patient with 

Polycythemia vera 


A sharp fall in the serum iron curve was obtained on the fourth day. The decrease in “ easily split- 
off ” iron was much more gradual and continued throughout the period of observation. 


ished hemoglobin synthesis as the result of 
maturation arrest, but no iron deficiency usually. 
All of these factors would tend to elevate the 
level of iron being transported in the blood 
stream. Following the institution of liver ther- 
apy, however, there is unusually rapid hemo- 
globinogenesis. The bone marrow might be ex- 


pected, under these circumstances, to require iron 
in relatively large quantities, and if this supply 
must be transported from the storage depots hy 
the blood, the demand could conceivably be 
greater than the ability to respond. The trans- 
port iron concentration accordingly would tend 
to be lower than normal. 
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In our cases of pernicious anemia in relapse 
(Table I), the plasma or serum iron levels were 
found to be uniformly high (147 to 348 micro- 
grams per cent) whereas the "easily split-ofF” 
iron values were within normal limits with low 
as well as high “ normals ” being recorded. The 
series of cases studied included ten patients with 
Addisonian pernicious anemia, one with a macro- 
cytic anemia which developed as the result of a 
food-phobia, dietary deficiency with insufficient 
"extrinsic factor” (Mrs. M.), and one with 
pernicious anemia of pregnancy (G. H.), also 
dietary in origin. 

Soon after liver was given and slightly prior to 
the reticulocyte response, a precipitous drop in 
the concentration of serum iron from its original 
high value to a lower than normal level occurred 
in all cases. This phenomenon is analyzed in 
Figure 6 which tabulates the data obtained from 


S. J., a 46 year old white male with typical Ad- 
disonian pernicious anemia. Determinations of 
blood iron were made at eight hour intervals fol- 
lowing one intravenous injection of liver extract 
derived from 100 grams of raw liver. The curve 
of decreasing serum iron (from approximately 
300 micrograms per cent to 60 micrograms per 
cent in 6 days) began its downward course within 
the first 24 hours and reached its greatest depres- 
sion at the peak of the reticulocyte response, i.e. 
at the time of maximum delivery of young 
erythrocytes from the bone marrow. 

To another patient with pernicious anemia 
(W. S., a 65 year old white male) (Figure 7) 
was given a suboptimal dose of liver intra- 
muscularly. The reticulocytes rose to a peak of 
36 per cent by the sixth day, and the serum iron 
fell from 230 to 50 micrograms per cent. Some 
increase in both red cells and hemoglobin oc- 



1939 


636 


CARL V. MOORE, CHARLES A. DOAN AND WM. R. ARROWSMITII 


POLYCYTHEMIA VERA 



Fig. 5. Effect of Therapeutic Phlebotomy on the Blood Iron Fractions in a Patient with 

Polycythemia vera 


A sharp fall in the serum iron curve was obtained on the fourth day. The decrease in “ easily split- 
off ” iron was much more gradual and continued throughout the period of observation. 


ished hemoglobin synthesis as the result of 
maturation arrest, but no iron deficiency usually. 
All of these factors would tend to elevate the 
level of iron being transported in the blood 
stream. Following the institution of liver ther- 
apy, however, there is unusually rapid hemo- 
globinogenesis. The bone marrow might be ex- 


pected, under these circumstances, to require iron 
in relatively large quantities, and if this supply 
must be transported from the storage depots by 
the blood, the demand could conceivably be 
greater than the ability to respond. The trans- 
port iron concentration accordingly would ten 
to be lower than normal. 
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In our cases of pernicious anemia in relapse 
(Table I), the plasma or serum iron levels were 
found to be uniformly high (147 to 348 micro- 
grams per cent) whereas the “ easily split-off ” 
iron values were within normal limits with low 
as well as high “ normals ” being recorded. The 
series of cases studied included ten patients with 
Addisonian pernicious anemia, one with a macro- 
cytic anemia which developed as the result of a 
food-phobia, dietary deficiency with insufficient 
“extrinsic factor” (Mrs. M.), and one with 
pernicious anemia of pregnancy (G. H.), also 
dietary in origin. 

Soon after liver was given and slightly prior to 
the reticulocyte response, a precipitous drop in 
the concentration of serum iron from its original 
high value to a lower than normal level occurred 
in all cases. This phenomenon is analyzed in 
Figure 6 which tabulates the data obtained from 


S. J., a 46 year old white male with typical Ad- 
disonian pernicious anemia. Determinations of 
blood iron were made at eight hour intervals fol- 
lowing one intravenous injection of liver extract 
derived from 100 grams of raw liver. The curve 
of decreasing serum iron (from approximately 
300 micrograms per cent to 60 micrograms per 
cent in 6 days) began its downward course within 
the first 24 hours and reached its greatest depres- 
sion at the peak of the reticulocyte response, i.e. 
at the time of maximum delivery of young 
erythrocytes from the bone marrow. 

To another patient with pernicious anemia 
(W. S., a 65 year old white male) (Figure 7) 
was given a suboptimal dose of liver intra- 
muscularly. The reticulocytes rose to a peak of 
36 per cent by the sixth day, and the serum iron 
fell from 230 to 50 micrograms per cent. Some 
increase in both red cells and hemoglobin oc- 
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Fig. 7. Effect of Liver Induced Remissions on the Plasma Iron Level in Pernicious Anemia 


curred ; but as the effect of the liver became less 
apparent and the erythrocytes ceased to rise, the 
values for serum iron rose once more to the high 
pre-therapy level. When the administration of 
liver extract in adequate amounts was reinstituted, 
a second reticulocyte response and reciprocal fall 
in serum iron was observed. During this second 
period, six grams of iron and ammonium citrate 
were given daily. Care was taken to see that the 
iron was administered in 2 gram doses at 12 noon, 
3 p.m. and 6 p.m. Blood was then withdrawn at 
11:30 a.m. each day for iron analysis — rafter a 
171^ hour “ iron fast.” Within two months, the 
erythrocytes rose to the four million level and 
the hemoglobin to 12 grams per cent. As the 
blood picture approached normal and the rate of 
erythrocytogenesis decreased, the serum iron 
promptly rose to enter the normal zonal range. 


A third patient, L. R., a colored male, 52 ye: 
old (Figure 8), is presented in contrast to 1 
previous case. This man was treated from t 
start with adequate amounts of liver parenteral 
He developed a typical reticulocyte response a 
the characteristic precipitous fall in serum ire 
His therapy was not supplemented by iron, ho' 
ever, and it is interesting to note that his sen; 
iron level did not return to normal until almost 
year after the beginning of the liver induced i 
mission. 

In a fourth patient, H. H. M. (Figure 9 
" easily split-off ” iron was determined in adc 
tion to plasma or serum iron. The irregularity < 
the plasma iron curve — the initial fall occurred : 
usual — was due to a relative refractoriness 
liver therapy. It will be noted that followic 
both the second and the third administrations c 
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Fig. 8. Effect of Liver Induced Re.missions on Serum Iron Level in Pernicious Anemia 


liver, appreciable drops in serum iron were ob- 
served. The important thing in this study, by 
contrast, was the failure of the “ easily split-off ” 
blood iron values to show any significant changes 
during the entire period of observation. 

G. H., the fifth case, a 22 year old white 
woman, presented herself during the third tri- 
mester of her fifth pregnancy with a severe 
anemia. The gastric acidity was normal but the 
diet had been grossly deficient in all essential ele- 
ments including animal protein. The blood and 
bone marrow findings were tj'pical of pernicious 
anemia with macrocjdosis, megaloblastic hyper- 
plasia, and a high serum iron. A deficiency of 
the “ extrinsic factor ” of Castle was the obvious 
etiological factor. When this deficiency was cor- 
rected through the institution of an adequate hos- 
pital diet supplemented by autoli’zed 3 'east, a 
typical reticuIoc 3 ’te peak (49 per cent) was fol- 


lowed by a substantial increase in red cells and 
hemoglobin. Serial supravital differential cell 
counts of sternal bone marrow obtained by the 
puncture technique were made (Figures 10 and 
11 ) in order to correlate the changes in bone 
marrow cellular equilibria with the re-equilibra- 
tions of blood iron. A precipitous fall in serum 
or plasma iron began within 24 hours following 
the institution of adequate therap 3 '’ and occurred 
coincident with the rapid disappearance of the 
original megaloblastic predominance in the bone 
marrow. As the level of red cell maturation 
shifted further to the right, it became apparent 
that the rapid increase in nonnoblasts in the mar- 
row paralleled the reticuloc 3 'te rise in the pe- 
ripheral blood. As the rate of hemoglobin S 3 T 1 - 
thesis became accelerated, as the megaloblasts 
matured, the serum iron fell precipitoush' to the 
lower limits of normal. The “easily split-off" 
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Anemia 

Patient was relatively refractory to the usual dosage of liver extract. 


iron increased gradually from approximately 1.4 
to 2.0 mgm. per cent (determined with 0.1 N 
HCl). It is interesting that the concentration of 
serum iron of the umbilical cord blood at the time 
of delivery was 247 micrograms per cent, while 
the serum iron in a sample of the patient’s blood 
taken at approximately the same time was only 
58 micrograms per cent. Following delivery, the 
red cells of the mother continued on their up- 
ward trend ultimately reaching the five million 
level. The hemoglobin, however, tended to lag 
behind more and more until a definite hypo- 
chromia of the cells developed. Iron and am- 
monium citrate was then given for a period of 4 
weeks during which time both hemoglobin and 
plasma iron returned to normal. 

During the greater part, at least, of the last 
trimester of this pregnancy, the serum iron was 
at a high level. Therefore, if serum iron is 


transport iron, as the present authors believe, the 
fetus was being well supplied with adequate 
amounts of the metal for storage in spite of the 
maternal anemia. Attention, likewise, is called 
again to the fact that the serum iron in the cord 
blood at birth was 247 micrograms per cent, while 
that in the mother’s circulating blood was only 58 
micrograms per cent. The infant at birth had 
only 4.2 million red cells and 15 grams of hemo- 
globin, but within 48 hours the red cells had risen 
(presumably as the result of dehydration) to 
nearly 7.0 million and the hemoglobin to above 
20.0 grams. This high level was maintained for 
three days, and then the usual gradual fall m 
erythroid elements occurred. Within a month 
after birth, the red cells had decreased to 4. 
million and the hemoglobin to 12.5 grams. 
Counts obtained during the subsequent two and 
a half months were slightly above these “low 
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Fig. 11. Further Analysis of Serum Iron, Bone Marrow, and Changes in Peripheral Blood Cells in the 

Case Presented in Figure 10 

The fall in serum iron paralleled the disappearance of megaloblasts from the bone marrow and occurred co- 
incident with the reinstitution of normal erythrocyte maturation and hemoglobin synthesis. 


amounts of iron had been made available, through 
the elevated serum iron, to the fetal organism for 
storage. 

Several less complete studies of the blood iron 
relationships in pernicious anemia have been made 
by other investigators. Erben in 1900 (24) and 


Fowell in 1912 (25) reported that they had 
found the non-hemoglobin iron increased in per- 
nicious anemia. Riecker (8, a) observed a high 
serum iron level in most of his cases and noted 
that after induced remissions these values re- 
turned to normal. Attention has been called (17) 
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however, to the fact that the serum iron values 
reported by Riecker are considerably higher than 
those obtained in more recent investigations, 
Dominici (16) obtained values for the “ easily 
split-off” blood iron fraction of from 1.34 to 
2.08 mgm. per cent (determined with H 2 SO 4 ), 
values with which our own figures are in close 
agreement. 

The hemolytic states 

In hemolytic states, another excellent oppor- 
tunity for the study of iron in the blood is pro- 
vided. With an increase in red blood cell de- 
struction, a greater amount of iron from the 
released hemoglobin is poured into the blood 
stream for transportation to organs of storage, 
utilization, and excretion. At the same time, the 
erythropoietic elements in the bone marrow are 
stimulated to increased activity, and extract iron 
from the blood for the synthesis of hemoglobin 
at an unusually rapid rate. The amount of trans- 
port iron present in the blood at any given time 
must, consequently, depend on the balance which 
may be struck between these two abnormally 
stimulated mechanisms of hemolysis and ery- 
throgenesis. One would expect, therefore, that 
single isolated determinations of the various 
forms of blood iron in patients presenting hemo- 
lytic phenomena would yield little valuable in- 
formation — and such has proved to be the case. 
In patients with congenital hemolytic icterus, for 
instance, both serum and “ easily split-off ” iron 
values were found to lie within their respective 
normal zonal ranges (Table I). Occasionally, 
the concentration of serum iron was a little 
higher than normal. Dominici (16) has re- 
ported " easily split-off ” iron levels in three cases 
of hemolytic icterus. One of these was higher 
than was found in any of his control subjects; 
the other two were well within the limits for 
normal. 

The detailed study of individual cases, on the 
other hand, has yielded most interesting con- 
finnatory data. Following splenectomy in pa- 
tients with congenital hemolytic icterus, an im- 
mediate fall in the serum iron level was noted 
(Table I). In the instance of B. B., a young 
woman 26 years old, with congenital hemolytic 
jaundice (Figure 12), the serum iron immedi- 
atel}' before operation was 160 micrograms per 


cent. Twenty minutes after splenectomy had 
been performed, the serum iron concentration had 
fallen to 80 micrograms per cent. This fall in 
serum iron level continued throughout the first 
two postoperative days until a low level of 30 
micrograms per cent was reached. As the re- 
ticulocytes fell gradually from their preoperative 
high level, however, the serum iron again equi- 
librated, returning to within the normal limits. 
Following splenectomy, the abnormal destruction 
of erythrocytes abruptly ceased, and with this 
source of iron to the serum or plasma stopped, the 
serum iron decreased to the level at which it 
would have been preoperatively, because of the in- 
creased bone marrow activity, had not the spleen 
been pouring into the blood stream large amounts 
of iron from the released hemoglobin. As the 
bone marrow once more became capable of sup- 
plying an adequate number of erythrocytes, and 
normal cellular equilibration was resumed, the 
serum iron returned to a normal level. 

Another series of observations were made on 
E. S., a 46 year old white male with polycythemia 
vera, in whom intravascular hemolysis was pro- 
duced by phenylhydrazine hydrochloride (Figure 
13). This patient, prior to the studies described 
here, had been treated by therapeutic phlebotomy. 
The red cells, consequently, were hypochromic, 
and the concentration of serum iron was low (25 
to 40 micrograms per cent). During the period 
of most rapid hemolysis, characterized by a rapid 
fall in erythroid elements and by an increasing 
reticulocytosis, the serum iron increased to twice 
its basal level. “ Easily split-off ” iron decreased 
slightly with the drop in red cells, but remained 
constantly within the limits for normal. When 
the rate of hemolysis diminished and the red cells 
began again their upward climb, serum iron re- 
turned to its pre-therapy level. 

The possibility of an exchange of iron between 
" Easily split-off ” and plasma blood 
iron fractions 

The strongest experimental evidence to sup- 
port Barkan’s hypothesis that " casilj' split-off ” 
blood iron is transport iron and that the iron in 
plasma merely ser^-es as the direct medium of ex- 
change between it and the tissues comes from his 
reported obseri’ations to the effect that with the 
incubation of whole blood at 37.5° C. an increase 
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0-26T0E.5.craged46 years. POLYCYTHEMIA VERA 



Fig, 13, The Effect of Phenvehydrazine Hydrochloride on the Circulating Erythron and Blood Iron 

Relationships 


Note that the period of maximum hemolysis was characterized by a rise in the reticulocj’tes and in the plasma 
iron. 


in plasma iron occurs (15, b). Barkan employed 
the intravenous injection of sodium polyanethol- 
sulphonate^ to make the blood of his experi- 
mental animals non-coagulable. He then col- 
lected two samples of blood. The plasma from 
one of these was immediately separated by cen- 
trifugation and analyzed for non-hemoglobin iron. 
The other specimen was incubated for six hours 
at body temperature and then treated in the same 
way. In the majority of instances, a substantial 


* Sodium polyanetholsulphonate is an organic anti- 
coagulant supplied by the Hoffman-La Roche Company 
under the trade name “Liquoid,” It is used to inhibit 
blood coagulation in experimental animals, is active in 
vitro and, when administered intravenously, in vivo as 
well. The toxicity of the drug is demonstrated by the 
fact that doses of 0.02 gram or more per kilogram of 
body weight are fatal to the rabbit. 


increase (e.g. 150 to 250 micrograms per cent) in 
plasma iron was observed. 

We have repeated these observations on both 
dogs and human subjects (Table II). With the 
former, " Liquoid ” (La Roche) was used, just 
as in Barkan’s experiments. Human blood was 
prevented from coagulating by being collected in 
flasks containing appropriate amounts of isotonic, 
iron-free potassium oxalate. Determinations of 
plasma iron were made both by digesting whole 
plasma in which the hemoglobin iron concentra- 
tion had been estimated by the micro-benzidine 
method (17), and by dialj'sis of the plasma 
through cellophane membranes and subsequent 
digestion of the dialysate. In no case have we 
been able to detect an increase in non-hemoglobin 
plasma iron after incubation of whole blood at 
37.5° C. for 6 hours. If a transfer of iron from 
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TABLE 11 


Failure of iron to be transferred from erythrocytes to plasma 'when 'whole blood 'was incubated "in vitro" at 37.5° C. 


Subject 

Antico.nnulant 

Plasma Iron determined by 

Before 

incubation 

dincstion of whole plasma 

After incubation at 
37.5° C. for 6 hours 

Plasma iron determined after dialysis 
(acidified with O.IN HCl) 

Before 

incu- 

bation 

After incubation 
at 37.5° C. for 

6 hours 

Total 

iron 

IIcmoKlo- 
bin iron 

Non- 

licmo- 

nlobin 

iron 

Total 

iron 

1 

Hemo- 

glo- 

bin 

iron 

Non- 
hemo- , 
fllobin 
iron 



viftffi* 

mjpm. 

tnr,m. 

vifim. 

msm. 

mf*m. 





fer 

per 

per 

per 

per 

per 

per 

mgm. per cent 



cent 

cent . 

cent 

cent 

cent 

cent 

cent 


Dog 

“Liquoid " (i.v.) 







0.231 

0.244 

Dog 

“Liquoid"(i.v.) 

0.201 

0.010 

0.191 

0.200 

0.005 

0.195 

0.190 

0.234 

Dog 

Isotonic oxalate 







0.120 

0.124 

W. R. A. “Normal" o ' . . 

Isotonic oxalate 

0.088 

0.002 

0.086 

0.090 

0.005 

0.085 



C.V.M." Normal" o'... 

Isotonic oxalate 

0.099 

0.002 

0.097 

0.125 

0.020 

0.105 

0.102 

0.104 










(0. 1 1 8 after incubation at 










37.5° C. for 24 hours. 










Gross hemolysis present.) 

F. E. 9 Polycythemia 










vera 

None 

0.036 

0.001 

0.035 

0.039 

0.002 

0.037 




Isotonic oxalate 

0.031 

<0.001 

0.031 

0.036 

0.002 

0.034 



E. S. Polycythemia vera 










o’ 

Isotonic oxalate 

0.042 

0.006 

0.036 

0.093 

0.049 

0.044 



h.. K. Polycythemia vera 










cT 

Isotonic oxalate 

0.037 

<0.001 

0.037 

0.043 

0.004 

0.039 




the ” easily split-off ” iron fraction to the plasma 
occurs, one would certainly expect it to be par- 
ticularly manifest in cases of polycythemia vera 
in whom relative iron deficiencies had been pro- 
duced by therapeutic bleeding. Under these cir- 
cumstances, plasma iron was lower than normal, 
while “ easily split-off ” blood iron was either 
well within nonual limits or at a high level. Our 
observations in normal animals and in normal hu- 
man subjects have been supplemented with deter- 
minations in three such cases of polycythemia 
vera, and again no increase in non-hemoglobin 
plasma iron was observed. 

It is not possible to argue that an exchange be- 
tween the “easily split-off” and plasma blood 
iron fractions does not occur in vivo; but since 
such an exchange cannot consistently be demon- 
strated by in vitro observations, the possibility 
seems less probable. 

SUMMARY 

A brief summary of the changes effected in the 
plasma and “ easily split-off ” forms of blood iron 
by various endogenous and exogenous stimuli de- 
scribed in the experimental portion of this paper 
is given in Table III. Plasma or serum iron was 
found to be very labile. In the iron deficiency 


states, it was unifonnly low. Under conditions 
of decreased red cell formation (e.g. hypoplastic 
anemia and pernicious anemia in relapse), it 
tended to be high. When the bone marrow was 
stimulated to unusually active erjffhrocytogenesis 
(e.g. following acute hemorrhage and liver in- 
duced remission in pernicious anemia), the plasma 
iron concentration was low. In the hemolytic 
states, the plasma iron was found to be in equi- 
librium between the amounts of iron being added 
to the blood stream as a result of the hemolytic 
process, and the amount being withdrawn by the 
hyperplastic bone marrow. When the equi- 
librium was disturbed by splenectomy in con- 
genital hemolytic icterus, the plasma iron fell to 
a level consistent with the rate of rapid hemo- 
globin synthesis. During the most active period 
of a phenylhydrazine induced hemolysis, the 
plasma iron increased in value. Following the 
administration of single large doses of iron salts 
by mouth, the concentration of iron in plasma 
was increased frequently to from three to ten 
times its basal level. Plasma iron was affected by 
these various influences, in other words, exactly 
as one would expect transport blood iron to be 
affected. A single graphic representation of these 
interrelationships is presented in Figure 14. 
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TABLE III 


Summary of plasma iron and “easily split-off" iron changes which relate to the question of transport iron identity 


Description 

Serum or 
plasma 
iron 

‘‘Easily split-off” iron 


Low 

High 

Low 

Normal to high 

Increased 3 to 10 
timesoverbasal 
level 

Lower than normal and normal values 

Lower than normal and normal values 

Normal (high as well as low normal values) 

Normal 

No change from basal level (except slight in- 
crease reflected from plasma iron increase) 

II. Clinical states characterized by diminished Hb. 
formation (e.g. aplastic anemia and pernicious 

III. Clinical states characterized by very rapid Hb. 
formation (e.g. liver induced remissions in per- 
nicious anemia, following acute hemorrhage) ... 

IV. HemolyTic anemias (e.g. congenital hemolytic 

V. Following large oral doses of "available” iron 



“ Easily split-off ” blood iron, on the other 
hand, proved to be relatively stable. In the iron 
deficiency states, it was either normal or lower 
than normal. Under conditions of depressed 
hemoglobin synthesis and diminished erythrocyto- 
genesis, it was just as likely to be low-normal as 
it was to be high-normal. No significant changes 
occurred in the fraction in patients with pernicious 
anemia after liver therapy. “ Easily split-off ” 
blood iron was not obviously influenced by in- 
creased rates of red cell destruction, and it did 
not show true increases following the administra- 
tion of single oral doses of iron salts. Iron ther- 
apy in patients with iron deficiency states and 
slightly low “ easily split-off ” iron values was at- 
tended by an increase in the “ easily split-off ” 
fraction to normal levels; but this increase was 
relatively independent of the changes in plasma 
iron and erythroid elements. Low values for 
“ easily split-off ” iron occurred primarily in those 
anemic states in which the circulating erythroid 
elements were markedly decreased (particularly 
with hemoglobin levels of less than 5.0 or 6.0 
grams). However, it is obvious from the studies 
following acute hemorrhage and from those fol- 
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lowing remissions induced by liver in pernicious 
anemia that no direct relationship holds between 
concentrations of hemoglobin and “easily split- 
off ” iron. Investigations aimed at defining more 
sharply the relationship, if any, between hemo- 
globin and “ easily split-off ’’ blood iron are in 
progress. 

An exchange of iron frorn the “ easily split- 
off ” to the plasma iron fraction was not observed 
after incubation of unclotted blood at 37.5° C. for 
6 to 8 hour periods. 

CONCLUSIONS 

1. Iron is transported as plasma iron. The 
quantity present in peripheral blood is influenced 
by, and is a measure of : (c) The amount of iron 
being absorbed from the gastro-intestinal tract; 
(&) The extent and adequacy of the iron reserves 
of the body; (c) The ability of the bone marrow 
to utilize iron in the synthesis of hemoglobin ; 
(ci) The rate of hemoglobin synthesis; (e) The 
extent of hemolysis taking place in spleen and 
other tissues; and (/) The physiological or 
pathological equilibrium existing between (cf) and 
io). 

2. The physiological function of “ easih' split- 
off ” blood iron remains yet to be defined. 
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THE RESULT OF INTRA-ARTERIAL INJECTION OF VASODILAT- 
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The effect of vasodilating drugs is ordinarily 
short; such drugs frequently cannot be given 
orally, intravenously, or intramuscularly in 
amounts sufficient to effect marked vasodilatation 
because the general systemic effects are so great 
that administration of such amounts is inadvisable 
or prohibited. It was because of this considera- 
tion that the effects of injection of drugs directly 
into the arteries supplying the upper and lower 
extremities were studied. It is apparent that the 
concentration of a drug within the artery and its 
arterioles is much greater when the drug is in- 
jected directly into an artery than it is when the 
drug is injected into a vein or muscle, or taken 
by mouth. By the intra-arterial method of ad- 
ministration we hoped the drugs would be 
“ fixed ” in the extremity ; this would allow the 
use of amounts which would produce marked 
vasodilatation in a single extremity without caus- 
ing general systemic effects. Incidental observa- 
tions lead us to a consideration of the difference 
of the ease with which vasodilatation can be in- 
duced in the upper and lower extremities. 

METHOD OF OBSERVATION 
In each instance the patient lay quietly in a 
room, the temperature and humidity of which 
were relatively constant for a few minutes before 
the observations were begun. Subsequent to in- 
jection the patient lay quietly until the observation 
was completed. In all instances the temperature 
of the skin was determined by the Sheard electric 
thermometer; a thermocouple was placed on a 
digit of each extremity. The skin overlying and 
the tissues surrounding the brachial and femoral 
arteries were infiltrated with a few cubic centi- 
meters of a 2 per cent solution of procaine. The 
arteries were punctured with an ordinary veni- 
puncture needle attached to a syringe containing 
1 to 5 cc. of the solution of the drug to be in- 
jected. Papaverine hydrochloride in doses of 
0.032 to 0.065 gram histamine phosphate in doses 


of 0.1 to 0.15 mgm., and Acetyl B-methylcholine 
(mecholyl) in doses of 0.5 to 2.0 mgm. were in- 
jected intra-arterially in the various cases. Only 
cases in which the temperatures of the digits 
were several degrees centigrade less than that at- 
tainable by vasodilatation were used in the final 
compilation, since it is apparent that when the 
temperature of the skin of a digit is high, which 
indicates marked vasodilatation, additional vaso- 
dilatation can be only minimal or cannot be in- 
duced. 

The intra-arterial injection of papaverine 
hydrochloride 

A solution of papaverine hydrochloride was in- 
jected into the brachial artery in ten cases. There 
was no detectable impairment of circulation to the 
upper extremities in any of these cases. There 
were four cases in which chronic occlusive arte- 
rial disease affected the lower extremities, and in 
the determination of averages shown in Figure 1, 
observation on the temperature of the toes in 
these cases was excluded. The remaining indi- 
viduals were well or had hypertension or chronic 
arthritis. The usual local response was an im- 
mediate blush which involved the entire extremity 
distal from a level slightly above the site of in- 
jection. In a few minutes the temperature of the 
fingers supplied by the artery which was the site 
of the injection began to increase and a few min- 
utes later the temperature of the digits of the op- 
posite extremity began to increase. The tempera- 
ture of the toes seldom increased and in several 
cases it actually decreased. While considerable 
variation in response of digital temperatures was 
noted in the various instances, the trend of change 
was almost uniform. The results of the ten ob- 
serv'ations are presented in the composite graph at 
the left of Figure 1. These obser\'ations seemed 
to indicate that the papaverine was ^ fixed " in the 
upper extremities, which were the site of tlic in- 
jection, since the average temperatures of the toes 
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THE RESULT OF INTRA-ARTERIAL INJECTION OF VASODILAT- 
ING DRUGS ON THE CIRCULATION : OBSERVATIONS 
ON VASOMOTOR GRADIENT 
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{From the Division of Medicine, The Mayo Clinic, Rochester, Minn.) 

(Received for publication March 16, 1937) 


The effect of vasodilating drugs is ordinarily 
short; such drugs frequently cannot be given 
orally, intravenously, or intramuscularly in 
amounts sufficient to effect marked vasodilatation 
because the general systemic effects are so great 
that administration of such amounts is inadvisable 
or prohibited. It was because of this considera- 
tion that the effects of injection of drugs directly 
into the arteries supplying the upper and lower 
extremities were studied. It is apparent that the 
concentration of a drug within the artery and its 
arterioles is much greater when the drug is in- 
jected directly into an artery than it is when the 
drug is injected into a vein or muscle, or taken 
by mouth. By the intra-arterial method of ad- 
ministration we hoped the drugs would be 
“ fixed ’’ in the extremity ; this would allow the 
use of amounts which would produce marked 
vasodilatation in a single extremity without caus- 
ing general systemic effects. Incidental observa- 
tions lead us to a consideration of the difference 
of the ease with which vasodilatation can be in- 
duced in the upper and lower extremities. 

METHOD OF OBSERVATION 
In each instance the patient lay quietly in a 
room, the temperature and humidity of which 
were relatively constant for a few minutes before 
the observations were begun. Subsequent to in- 
jection the patient lay quietly until the observation 
was completed. In all instances the temperature 
of the skin was determined by the Sheard electric 
thermometer; a thermocouple was placed on a 
digit of each extremity. The skin overlying and 
the tissues surrounding the brachial and femoral 
arteries were infiltrated with a few cubic centi- 
meters of a 2 per cent solution of procaine. The 
arteries were punctured with an ordinary veni- 
puncture needle attached to a syringe containing 
1 to 5 cc. of the solution of the drug to be in- 
jected. Papaverine hydrochloride in doses of 
0.032 to 0.065 gram histamine phosphate in doses 


of 0.1 to 0.15 mgm., and Acefyl B-methjdchoh'ne 
(mecholyl) in doses of 0.5 to 2.0 mgm. were in- 
jected intra-arterially in the various cases. Only 
cases in which the temperatures of the digits 
were several degrees centigrade less than that at- 
tainable by vasodilatation were used in the final 
compilation, since it is apparent that when the 
temperature of the skin of a digit is high, which 
indicates marked vasodilatation, additional vaso- 
dilatation can be only minimal or cannot be in- 
duced. 

T/te intra-arterial injection of papaverine 
hydrochloride 

A solution of papaverine hydrochloride was in- 
jected into the brachial artery in ten cases. There 
was no detectable impairment of circulation to the 
upper extremities in any of these cases. There 
were four cases in which chronic occlusive arte- 
rial disease affected the lower extremities, and in 
the determination of averages shown in Figure 1, 
observation on the temperature of the toes in 
these cases was excluded. The remaining indi- 
viduals were well or had hypertension or chronic 
arthritis. The usual local response rvas an im- 
mediate blush which involved the entire extremity 
distal from a level slightly above tlie site of in- 
jection. In a few minutes the temperature of the 
fingers supplied by the artery which was the site 
of the injection began to increase and a few min- 
utes later the temperature of the digits of the op- 
posite extremity began to increase. The tempera- 
ture of the toes seldom increased and in several 
cases it actually decreased. While considerable 
variation in response of digital temperatures was 
noted in the various instances, the trend of change 
was almost uniform. The results of the ten ob- 
sen'ations are presented in the composite graph at 
the left of Figure 1. These obsen-ations seemed 
to indicate that the papaverine was fi.xed ” in the 
upper extremities, whicli were the site of tlic in- 
jection, since the average temperatures of the toes 
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Fig. 1 

TIic temperature of the toes decreased after injection of papaverine hj’dro- 
chloride into brachial arteries while that of the fingers increased. However, 
injection into femoral arteries caused a smaller increase of temperature of the 
toes than of the fingers and produced effects similar in this regard to intra- 
muscular injection of papaverine. The vasodilating effect of papaverine on the 
toes seems to be enhanced very little if at all on injecting it into the femoral 
artery. 


did not increase. Subsequently, the drug was in- 
jected into the femoral artery in eight cases. Six 
of these were cases of chronic arthritis without 
hypertension or impairment of the circulation to 
the lower extremities, and two were cases of 
chronic occlusive arterial disease. Since the re- 
sponse of the temperature of the toes in these two 
instances was roughly the same as that of the toes 
in cases in which occlusive arterial disease was 
not present, the results are included in this study. 
The blush noted when the drug was injected into 
the brachial artery was usually entirely absent but 
occasionally occurred very faintly. Surprisingly, 
the average increase in temperature of the lower 
extremities was slight, while that in the fingers 
was much greater. While the response noted 
varied considerably in individual cases, the trend 
of change in temperature was roughly the same in 
each case. The results of the eight observations 
are shown in a composite graph in the central part 
of Figure 1. The results given for the fingers 
are in each instance the average of the increases 
in temperature of one finger on each hand. 

The intramuscnlar injection of papaverine 
hydrochloride 

Papaverine hydrochloride in doses varying 
from 0.097 to 0.2 gram was injected intramuscu- 


larly in ten cases. Eight of the patients in these 
cases had Raynaud’s disease, chronic arthritis, 
jaundice, or hypertension, without occlusive ar- 
terial disease, and two had occlusive arterial dis- 
ease of the lower extremities. Since the changes 
in the temperature of the skin of the toes of pa- 
tients who had occlusive arterial disease followed 
roughly the changes noted in the other observa- 
tions, they are included in this report. The av- 
erage response of the temperature of fingers and 
toes charted at the right of Figure 1 indicates a 
rapid and marked increase in the temperature of 
the fingers and a slower and less marked increase 
of the temperature of the skin of the feet. Sub- 
sequently, 0.097 gram of papaverine hydrochlo- 
ride was injected intravenously. The tempera- 
ture of the skin of the fingers increased 7.2° C. 
in fifty minutes while that of the toes decreased 
almost 1.0° C. 

The intra-arterial injection of Acetyl 
B-niethylcholine (ntecholyl) 

Acetyl B-methylcholine (mecholyl) was 
jected into the brachial arteries of four patients, 
three of whom had no occlusive arterial disease 
and one of whom had occlusiA^e arterial disease ui 
one leg, the digits of which were not used for the 
observation of the temperature. As in the ob- 
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servations on the effect of papaverine, immedi- 
ately following the injection of mecholyl, an in- 
tense blush involved the entire arm distally from 
a level above the point of injection. The average 
temperature of the digits of the hand on the side 
of the injection increased in a few minutes, and 
the temperature of the digits continued to in- 
crease. The temperature of the fingers on the 
opposite hand likewise increased, but did so more 
irregularly and more slowly. The temperature of 
the toes increased to a much smaller degree. The 
results are shown in a composite graph in the left 
part of Figure 2. Mecholyl was then injected 
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Fig. 2 

Regardless of whether mecholyl is injected into bra- 
chial arteries or femoral arteries, vasodilatation is more 
marked in the fingers. The vasodilating property of 
mecholyl on any extremity is largely independent of 
whether it is injected into the artery supplying that ex- 
tremity or into another artery. 


into the femoral arteries of three patients, two of 
whom had arthritis. The results are shown in a 
composite graph at the right of Figure 2. As in 
the case of the intrabrachial injection of papa- 
verine, the temperature of the skin of the fingers 
increased very much more than did that of the 
toes. 


The intra-arterial injection of histamine 

Histamine was injected into the brachial arteries 
of five patients. One of these patients had arthri- 
tis, one had multiple sclerosis, one had polycythe- 
mia, and two had thrombo-angiitis obliterans of 
the lower extremities. Onl}: the temperature of 
the skin of the toes of the three cases in which 
occlusive vascular disease was absent was ac- 


cepted for final calculations. As in the observa- 
tions with papaverine and mecholyl, an intense 
blush involved the skin supplied b)' the artery 
into which histamine had been injected, and the 
temperature of the extremity increased rapidly. 
The temperature of the digits of the opposite ex- 
tremity increased slowly and less marked!):, while 
that of the toes was influenced very little. The 
temperature of the fingers on the side of ‘the in- 
jection increased an average of 5.0° C. ; the tem- 
perature of the fingers of the opposite side in- 
creased 3.0° C., while the temperature of the 
toes decreased 0.4° C. in thirt): minutes, but in the 
following twenty minutes it increased to 1.6° C. 
more than the temperature just before the in- 
jection. 

SUMMARY 

The influence on temperature of the skin of 
digits of all extremities following the injection of 
histamine, papaverine, and mecholyl into the 
brachial artery and into the femoral artery are 
shown in Figure 3. It is apparent from these 
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Fig. 3 

The toes are relatively refractory to the vasodilating 
action of papaverine hydrochloride, mechoh'l, and hista- 
mine, for increases in temperature of fingers arc in com- 
posite significantb’ greater than those of toes, regardless 
of whether these drugs are injected into the brachial 
arterj' or the femora! artery. 

observations that it is impossible to “ fix ” a vaso- 
dilating drug in an extremity to any great c.xlent 
by injecting the drug into the artery supplying the 
digits. The effects on the temperature of the 
skin of the digits supplied by the artery into 
which the drug was injected and the effects on the 
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The temperature of the toes decreased after injection of papaverine hydro- 
chloride into brachial arteries while that of the fingers increased. However, 
injection into femoral arteries caused a smaller increase of temperature of the 
toes than of the fingers and produced effects similar in this regard to intra- 
muscular injection of papaverine. The vasodilating effect of papaverine on the 
toes seems to be enhanced very little if at all on injecting it into the femoral 
artery. 


did not increase. Subsequently, the drug was in- 
jected into the femoral artery in eight cases. Six 
of these were cases of chronic arthritis without 
hypertension or impairment of the circulation to 
the lower extremities, and two were cases of 
chronic occlusive arterial disease. Since the re- 
sponse of the temperature of the toes in these two 
instances was roughly the same as that of the toes 
in cases in which occlusive arterial disease was 
not present, the results are included in this study. 
The blush noted when the drug was injected into 
the brachial artery was usually entirely absent but 
occasionally occurred very faintly. Surprisingly, 
the average increase in temperature of the lower 
extremities was slight, while that in the fingers 
was much greater. While the response noted 
varied considerably in individual cases, the trend 
of change in temperature was roughly the same in 
each case. The results of the eight observations 
are shown in a composite graph in the central part 
of Figure 1. The results given for the fingers 
are in each instance the average of the increases 
in temperature of one finger on each hand. 

The intraimisctilar injection of papaverine 
hydrochloride 

Papaverine hydrochloride in doses varying 
from 0.097 to 0.2 gram was injected intramuscu- 


larly in ten cases. Eight of the patients in these 
cases had Raynaud’s disease, chronic arthritis, 
jaundice, or hypertension, without occlusive ar- 
terial disease, and two had occlusive arterial dis- 
ease of the lower extremities. Since the changes 
in the temperature of the skin of the toes of pa- 
tients who had occlusive arterial disease followed 
roughly the changes noted in the other observa- 
tions, they are included in this report. The av- 
erage response of the temperature of fingers and 
toes charted at the right of Figure 1 indicates a 
rapid and marked increase in the temperature of 
the fingers and a slower and less marked increase 
of the temperature of the skin of the feet. Sub- 
sequently, 0.097 gram of papaverine hydrochlo- 
ride was injected intravenously. The tempera- 
ture of the skin of the fingers increased 7.2° C. 
in fifty minutes while that of the toes decreased 
almost 1.0° C. 


The intra-arterial injection of Acetyl 
B-methylcholin e ( m echolyl ) 


Acetyl B-methylcholine (mecholyl) was in- 
jected into the brachial arteries of four patients, 
three of whom had no occlusive arterial disease 


ind one of whom had occlusive arterial disease m 
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collection during the test would result in large 
errors. Such errors have undoubtedly crept into 
some of the cases reported here. However, this 
error cannot explain the consistent findings shown 
in Figure 1. The points, with few exceptions, 
are fairly uniform in distribution and with de- 
creasing urine volume progressively fall lower and 
lower on the graph. Every clearance observed 
with low urine volumes, during 1935 and 1936, is 
shown in Figure 1, which therefore represents 
wholly unselected cases. 

In 12 patients and 3 normals, three or more 
successive hourly clearances were done. These 
are instructive. In some cases, two closely check- 
ing clearances were obtained with urine volumes 
above the critical limit, while the clearance ob- 
tained with the small urine volume was much 
lower. In these cases, one can hardly attribute 
the low clearance to incomplete collection of the 
urine. In other cases, with two different volumes 
below 0.35 ml., and one above, the clearance rises 
with the increase in volume. In still other in- 
stances, low clearances check as calculated from 
similar low volumes, while a high clearance is ob- 
served above the critical volume. 

Usually the higher urine volume and higher 
clearance were observed in the second of two or 
the last of three hourly clearances. This is be- 
cause the patient was given extra water if the 
first urine volume was low, A still greater fac- 
tor is that she was beginning belatedly to ex- 
crete the previously ingested water. This slow 
excretion of water is a well known characteristic 
in pregnancy toxemia. But in 36 cases, the first 
urine specimen had the higher volume and showed 
the higher clearance. 

Apparently the critical urine volume is about 
0.35 ml. per minute, or possibly a little higher (21 
ml. per hour or more). This checks fairly well 
with Maddock and Coller’s (6) recalculation of 
Lashmet and Newburgh’s observations. They 
show that with an upper specific gravity of 1.024, 
there must be voided at least 60S ml. of urine in 
twenty-four hours if 35 grams of waste are to be 
excreted. When a specific gravity of 1.032 is at- 
tained, at least 473 ml. are needed. (These vol- 
umes would be 0.42 and 0.329 ml. per minute.) 

The critical urine volume, below which the 
square root rule fails, apparently varies with the 
individual. Van Slyke has found a similar varia- 


TABLE I 

The ejfecl of low urine volume upon the calculated standard 
urea clearance. Determinations made in successive hours. 
Normal adults and patients with pregnancy toxemia. Also 
shown in Figure 1. 
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28 
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tion in the augmentation limit. This difference 
may be seen in the normals A and B, Table I. By 
virtue of a higher urea concentration ratio, B was 
able to maintain a urea clearance of 100 per cent 
with a minute urine volume of 0.25 ml. A, with 
the same urine volume, showed a clearance of 54 
per cent. 

The reason for the failure of the square root 
law at these low urine volumes is not merely that 
the urea concentration fails to increase with the 
decreasing volume, as postulated. As the urine 
volume continues to fall, the urea concentration 
ratio reverses its trend and now decreases. This 
is shoH'n in many of the cases in Table I. 

DISCUSSION 

Calculation of the standard clearance from very 
small urine volumes apparently ^vill give results 
considerably too low. This has been a stumbling 
block in several papers, particularly in those dis- 
cussing renal function in pregnancy to>:eni5a. 
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Fig. 1. The Influence of Urine Volume upon the Calculated Urea Clearance 

The standard clearance calculated from the lower or lowest urine volume is plotted as per cent of the clear- 
ance calculated from a volume of O.SO ml. or more. 

• Pregnancy toxemia. 

O Bright’s disease complicated by pregnancy. 

X Normal. 

A Data of Moller, McIntosh, and Van Slyke (1, 3) and Austin, Stillman, and Van Slyke (2) for normal 
and nephritic individuals. 

■ Data of Cullen, Nelson, and Holmes (5) for nephritic children. 


RESULTS 

The observations in 169 cases of pregnancy 
toxemia are summarized in Figure 1. This fig- 
ure also shows all of the relevant data published 
in the papers alluded to above, together with a 
recalculation of Cullen, Nelson, and Holmes' (5) 
observations on nephritic children. In the graph, 
the patient’s lower or lowest clearance has been 
plotted as per cent of the higher or highest clear- 
ance determined in the preceding or succeeding 
hour(s). This was done so as to include data 
from chronic nephritics. 

It is obvious from the graph that the lower the 
minute urine volume, below about 0.35 ml., the 
greater the downward deviation of the calculated 
standard clearance below the level computed from 
the higher urine volume. This limiting volume, 
of about 0.35 ml., we shall call the critical volume. 
Below it the square root law does not appear to 


be valid, and the farther the volume sinks below 
it the greater becomes the error in calculating the 
standard clearance. 

The distribution of the different symbols on the 
graph indicates that the toxemia patients are not 
peculiar in regard to this deviation from the 
square root rule of urea excretion. Chronic 
nephritic patients show the same dependence 
upon urine volume for the maintenance of a urea 
clearance level predicted from the rule. The four 
normal adults studied show the same dependence. 
Furthermore, these data find support in the pub- 
lished work of Van Slyke and his collaborators. 
Most of Cullen’s observations fall below the mean 
range of the other points ; perhaps this is because 
the corrected urine volume rather than the actual 
volume was plotted. 

Since we are dealing with small urine volumes, 
the failure completely to drain the bladder at any 
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The Etiological Relationship of the Eosinophile to the 
Gordon Test for Hodgkin’s Disease. By Joseph C. 
Turner (by invitation) and Henry Jackson, Jr., 
Boston, Mass. 

In 1932 Gordon reported that broth suspensions of 
l 3 nnphadenoniatous (Hodgkin's) tissues upon inocula- 
tion into the brains of rabbits or guinea pigs produce a 
characteristic paralysis (Gordon test). Subsequent in- 
vestigation has established that approximately 75 per cent 
of cases of Hodgkin’s disease exhibit this phenomenon. 
Friedemann (1933) discovered that a paralysis in the 
same animals, indistinguishable from that of Gordon, is 
produced with extracts of normal human bone marrow, 
spleen, or leukocytes. 

The nature and significance of the paralysis-producing 
agents of Gordon and of Friedemann remain obscure. 
Their identity has not been proved. 

We have performed the Gordon test in ten cases of 
Hodgkin’s disease. The test was positive in six and in 
these six only could eosinophiles be found. Moreover, 
the potency of the material used varied directly with the 
number of eosinophiles present. 

In order to test the significance of this observation, 
suspensions were made of the bloods of normal and dis- 
eased individuals, some of whom had a high degree of 
eosinophilia. Animal inoculations showed that a paraly- 
sis-producing factor was present in titers which paralleled 
precisely the number of eosinophiles in suspension. Sus- 
pensions containing few, or no, eosinophiles gave nega- 
tive results. 

It appears that the Gordon test is positive in Hodgkin’s 
disease only because of the presence of eosinophiles. It 
is tentatively proposed that the paralysis-producing agent 
present in the tissues of certain cases of Hodgkin’s dis- 
ease and that present in normal leukocytes are both de- 
rived specifically from the eosinophile and are therefore 
identical. 

Studies of a Stable Antigen of Vaccine Virus. By 
Robert F. Parker (introduced by J. T. Wearn), 
Cleveland, Ohio. 

The isolation of a serologically activ'e heat stable sub- 
stance from tissues infected with vaccine virus has al- 
ready been reported, and the chemical characteristics of 
the substance have been described. On inoculation into 
rabbits, it elicits the formation of antibodies, demon- 
strated by precipitation and complement fixation tests. 
The serum agglutinates heated and unheated elementary 
bodies of vaednia but apparently neutralizes only very 
small amounts of vaccine virus. Rabbits subjected to re- 
peated inoculation with the substance and having a high 


titer of serum antibodies, are not resistant to infection 
with vaccinia. 

Estimation of Thyrotropic Hormone in Human Urine 
and Blood in Health and Disease by the Micromctric 
Analysis of the Response of the Guinea Pig Thyroid. 
By Paul Starr and (by invitation) Rulon W. Raw- 
son, Chicago, III. 

A method of approximating the amount of thyrotropic 
hormone present in a solution by the micrometric analysis 
of the response of the guinea pig thyroid has been de- 
scribed. A frequency curve of the heights of the acinar 
cells measured with an ocular micrometer was plotted 
and subjected to statistical analysis. Increasing doses of 
a known thyrotropic preparation (Parke, Davis and Com- 
pany) gave a series of curves shifting increasingly to 
the right. 

The urine itself, or the acetone precipitate from small 
amounts, or the isoelectric precipitate from large amounts, 
injected into the animal, produces characteristic shift of 
such a curve. In the case of a normal person with a 
normal metabolic rate and no evidence of thyroid in- 
activity, there is slight shift to the right. Patients with 
moderately low metabolic rates, “ relative hypothyroid- 
ism,” have more of this material in the urine. This sug- 
gests that the procedure may be used to detect the need 
for thyroid hormone when general metabolic measure- 
ments are inconclusive. Following total thyroidectomy 
the urine contains excessive amounts. 

In hyperthyroidism there is less thyrotropic hormone 
present than in the normal urine. This is true whether 
or not exophthalmos is present. This raises the possi- 
bility of the use of the procedure as a diagnostic aid in 
hyperthyroidism. Patients with various types of pitui- 
tary tumors and goiters have different amounts of the 
material in the urine. 

The possibility that lack of response to the hyper- 
thyroid urine is due to excess iodine present has been 
covered by the addition of amounts of iodine of like 
order to specimens giving marked stimulation. The pos- 
sibility that the response is not specifically due to thyro- 
tropic hormone has been met by heating the specimen, 
since the pituitary thjTOtropic hormone is heat labile. 
Furthermore, the h3’perthjToid urine containing similar 
amounts of foreign material fails to give a response. 

Blood scrum from these groups of patients may be 
classified in the same way. 

Conclusion. The method affords a convenient and spe- 
cific means of assaying the appearance of thyrotropic 
hormone in clinical material. 
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For instance, Dicclcinann (7) has reported urea 
clearances of less than 39 per cent in % of ante 
partum toxemic niiiltiparai with no history of 
previous toxemia or renal disease. 

This does not seem reasonable. When one secs 
that the blood urea nitrogen for this group was 
15.4 ±: 0.74, he can not accept these low clear- 
ances. The difficulty is resolved when one stud- 
ies Dieclcmann’s Table II, Section B. The mean 
minute volume for the group mentioned was 0.643 
ml., with a standard deviation of 0.408 ml. 

Several writers have reported low urea clear- 
ances in eclampsia. Others believe that low clear- 
ances are found at the height of pregnancy 
toxemia. Since oliguria is very often found at 
the height of toxemia, one may probably attribute 
these findings to the oliguria and not to renal 
damage. The urea clearance was found by 
Chesley (8) to be normal in prceclampsia, 
eclampsia, and hypertension. The clearances did 
not differ significantly from values found for nor- 
mal pregnant and puerperal women. No clear- 
ance was included unless calculated from a urine 
volume in excess of 0.35 ml. per minute. 

Many of the low standard clearances calculated 
in acute nephritis are probably too low, because 
of the oliguria. This may be true in cases show- 
ing a normal specific gravity but a low clearance. 
According to Fishberg (9) the scanty urine of a 
patient with acute nephritis may show a high or a 
low specific gravity. If the specific gravity be 
high, the oliguria is of extrarenal origin, and the 
kidney damage is not extensive. When the spe- 
cific gravity is low with oliguria, then the renal 
function has been measurably impaired. Alving 
and Van Slyke (10) found the specific gravity 
test to be a more sensitive measure of kidney im- 
pairment than is the urea clearance. This, they 
say, is also true in acute nephritis, 

SUMMARY AND CONCLUSIONS 

The square root formula for calculating the 
standard urea clearance gives erroneously low re- 
sults when the urine flow falls below a critical 
volume, which for adults is about 0,35 ml. per 
minute. When the urine collected in an hour’s 


clearance test falls below 20 cc., the test should 
be discarded. 

Below this critical urine volume, the U/B re- 
verses its trend and decreases with further vol- 
ume decrease. 

The influence of small urine volume upon the 
calculated standard clearance is discussed with re- 
gard to findings in pregnancy toxemia and acute 
nephritis. 

I wish to thank Dr. D. D, Van Slyke for his gractous- 
ness in discussing these data with me. I am also in- 
debted to Dr. S. A. Cosgrove and Dr. N. M. Alter for 
reading the typescript and for the opportunity to use the 
toxemia patients available at tlic Margaret Hague Ma- 
ternity Hospital. 
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litjluciice of the Thyroid Gland on Intestinal Absorption 
of Dextrose, Galactose, and Xylose, By T. L. Al- 
TUAusEN, with the technical assistance of M. Stock- 
holm, San Francisco, Calif. 

Normal rats, rats treated with thyroxin, and thyroid- 
ectomized rats were given measured amounts of sugar by 
stomach tube. The amount of sugar absorbed in one 
hour was calculated from the unabsorbed residue in the 
digestive tract. In hyperthyroidism, intestinal absorp- 
tion of dextrose and of galactose was markedly increased. 
In hypothyroidism, intestinal absorption of de.xtrosc was 
reduced considerably. 

Depletion of carbohydrates, raised basal metabolism, 
increased velocity of the blood flow, intestinal hyper- 
peristalsis, and rate of gastric discharge appear to play 
no part in the observed changes of intestinal absorption. 
Therefore, a specific action of thyroid hormone on the 
intestinal mucosa is suggested as a possible explanation. 

Increased phosphorylation appears to be the chief 
mechanism by which thyroxin increases absorption of 
dextrose because phlorizin which inhibits this mechanism 
greatly decreases tlie absorption of dextrose in experi- 
mental hyperthyroidism. But simple diffusion also seems 
to play a part since absorption of xylose is likewise in- 
creased by thyroxin. 

Clinically, altered intestinal absorption may be an im- 
portant factor in producing abnormally high dextrose 
tolerance curves often seen in patients with hyperthyroid- 
ism and unusually low curves observed in patients with 
myxedema. The same mechanism may play a major 
part in the impairment of “ tolerance ” to galactose ob- 
served in hyperthyroidism in man. 

Pressor Effects of Renal Extracts of Normal Dogs and 
of Dogs with Experhncntal Renal Hypertension. By 
T. R. Harrison, Alfred Blalock and (by invitation) 
M. F. Mason and J. R. Williams, Jr., Nashville, 
Tenn. 

Hypertension has been produced in dogs by the method 
of Goldblatt (partial occlusion of the renal arteries). 
Saline extracts of the kidneys of such animals have been 
injected into rats and the changes in blood pressure com- 
pared with those produced by extracts of the kidneys of 
normal dogs. The former extracts were found to have 
greater pressor effects. 

In a second series of experiments preparations from 
the two kidneys of a dog rendered hypertensive by the 
application of a clamp to one renal artery were studied. 
Here again the extract of the ischemic kidney caused a 
greater rise in blood pressure than did that of the normal 
kidney. 

Maintenance of the Functional Integrity of the Occluded 
Large Arteries as Demonstrated by Thorotrast Arteri- 
ography. By Wallace M. Yater, Washington, D. C. 

Arteriography is teaching us many things about the 
mechanism of the circulation of vascular disease which 
are not demonstrable otherwise. Large arteries may be- 
come completely occluded in some part of their course 


without serious trophic disturbance of a permanent na- 
ture. Arteriograms in such cases often show direct 
anastomosis by means of smaller arteries between the 
segments of the artery above and below the area of oc- 
clusion. In such cases the roentgenograms show that the 
artery below the obturated portion is still functioning, 
the blood having been shunted around the occluded por- 
tion. Arteriograms and drawings of the extremities of 
patients illustrating this mechanism of readjustment of 
the circulation are shown. Various types of anastomoses 
are demonstrated. 

The Effects on the Cardiovascular System of Fluids Ad- 
ministered Intravenously. By Mark D. Altschule 
and Dorothy R. Gilligan (introduced by Herrman L. 
Blumgart), Boston, Alass. 

The effect on the cardiovascular system of the injec- 
tion of fluids intravenously, such as is employed routinely 
in postoperative treatment, has been studied in a large 
group of patients with no evidence of heart disease. The 
fluids employed were physiological saline solution or 5 
per cent glucose in distilled water, or 5 per cent glucose 
in physiological saline; the volumes injected varied from 
500 to 1500 cc. and the rates of injection from 6 to 80 cc. 
per minute. 

Immediately after the injection of fluids intravenously, 
the minute volume output of the heart and the blood vol- 
ume were increased, and the velocity of blood flow was 
accelerated. When the more rapid rates of injection 
were employed or the larger volumes of fluid adminis- 
tered, significant and even marked increases in venous 
pressure were observed; a return to the control level of 
venous pressure was again observed within approxi- 
mately twenty minutes after the end of injection in these 
patients with no evidence of heart disease. Slight in- 
creases in pulse rate and in systolic blood pressure and 
pulse pressure were observed in approximately 40 per 
cent of our studies. Electrocardiographic studies re- 
vealed in some instances appreciable increases in the 
height of the P and variable changes in the T-waves. 
The magnitude and duration of the above effects were 
influenced by the composition of the fluid injected. 

These studies have demonstrated that the administra- 
tion of fluids intravenously under conditions frequently 
employed routinely subject the heart to increased work, 
which amounts to about 50 per cent above basal levels. 
The implications of these findings in the management of 
patients with cardiovascular disease is clear. 

The Estimation of the Subcutaneous Tissue Pressure by 
a Direct Method. By G. E. Burch and W. A. SodE- 
MAN (introduced by J. H. Musser), New Orleans, La. 
Direct determinations of tissue pressure have not been 
reported in this country. Wide variations reported in 
the German literature have prompted us to determine di- 
rectly the tissue pressure by the simple manometric 
method employed by Yandell Henderson for the deter- 
mination of muscle tone. A 26-gauge needle was used in 
place of a 20. In each determination three readings 
were taken which agreed within ± 1 mm. of water. 
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In 10 normal adults the mean values at heart level 
varied from 17.9 to 37.1 mm. of water in the subcutane- 
ous tissue of the dorsum of hand and foot, volar surface 
of the forearm and the pretibial area. The tissue pres- 
sure in the dorsum of the foot was increased in the erect 
position and further increased by weight bearing. Six 
normal subjects stood for one hour against a table in- 
clined at 75°. The mean tissue pressure reading in the 
dorsum of the foot at the beginning of the hour was 53.5 
mm. of water, and at the end 65.2. In all cases there 
was a rise on standing for one hour not to exceed 31 mm. 
of water. The effect of venous pressure on tissue pres- 
sure readings was determined by inflating a blood pres- 
sure cuff around the arm in steps of 135 mm. of water 
(10 mm. Hg) up to 810 mm. of water (60 mm. Hg) at 
two minute intervals. In no case was the diastolic 
arterial blood pressure exceeded. Increase in venous 
pressure over short intervals of time had relatively 
slight effect upon the tissue pressure readings. In 10 
patients with increasing cardiac edema the tissue pres- 
sure was greatly increased. In receding cardiac edema 
the values were lowered, even below normal, to return 
finally to a normal level. 

These findings indicate : (a) Normal tissue pressure is 
less than the accepted values for capillary and venule 
pressures; (b) tissue pressure is an important factor in 
the control of the movement of fluid between blood ves- 
sels and tissue spaces; (c) the full effect of venous pres- 
sure on tissue pressure is not immediate; up to one hour 
the effect of venous pressure upon tissue pressure is 
slight but in congestive heart failure with prolonged high 
venous pressure the tissue pressure is greatly elevated; 
(d) the tissue pressure in patients with cardiac edema 
varies with the state of the edema, and (e) factors other 
than venous pressure are important in the regulation of 
tissue pressure. 

Studies of the Salt and Water Hor7none of the Adrenal 

Cortex. By George A. Harrop and (by invitation) 

George W. Thorn, Baltimore, Md. 

Injections of adrenal cortical hormone have been 
shown to produce a marked effect on the renal excretion 
of sodium and potassium in normal male dogs, maintained 
under uniform conditions with a constant fluid and min- 
eral intake. A subcutaneous injection resulted in an 
immediate marked reduction in renal sodium excretion 
accompanied by an increased potassium excretion. Sub- 
cutaneous injections produced a much more prolonged 
action than the intravenous injection of a similar quantity 
of hormone. Subcutaneous injections twice daily ef- 
fected a marked reduction in sodium excretion during the 
twenty-four hour period, followed by a “ rebound ” effect 
during the second twenty-four hours in which the in- 
creased excretion of sodium approximated the initial 
retention. It has been demonstrated that this response 
is proportional to the quantity of hormone given, and that 
the normal dog can thus be used for assay of the “salt 
and water hormone ” effect of adrenal cortical extracts. 
Individual animals rary in their response to a given quan- 


tity of extract, injected twice daily, but the same quantity 
of extract consistently produces the same change in a 
given animal, 

A method for the extraction of the “ salt and water ” 
hormone from urine has been employed, based on extrac- 
tion of urine with ethylene dichloride and subsequent dis- 
tillation at a temperature of 40° C. under reduced pres- 
sure.- An alcoholic extraction of the residue was distilled 
at the same temperature, the final residue being taken up 
in normal saline solution and sterilized by passage 
through a Berkefeld filter. Extracts of urine to which 
hormone had been added yielded a 40 per cent recovery 
when tested by the above method of assay. Acid hy- 
drolysis of the urine, to which adrenal cortical extract 
had been added, almost completely destroyed the activity 
of the “ salt and water ” hormone. Intravenous injec- 
tions of large quantities of adrenal cortical hormone 
(3000 dogs units) into normal dogs were followed by 
only 10 per cent recovery from the urine. Two liter 
portions of urine obtained from normal male, female, 
pregnant dog and man, and pregnant mare have been 
extracted and tested for the presence of the salt and 
water hormone. No appreciable amount could be demon- 
strated from this volume of urine. 

Studies reported elsewhere have indicated that in the 
intact dog a sodium sparing effect is common to several 
crystalline sex hormones and closely related compounds. 
It is apparent that substances other than the adrenal cor- 
tical hormone exert a sodium sparing effect in the intact 
animal. For this reason, the method of assay which has 
been described is limited to the determination of the rela- 
tive “ salt and water hormone ” content, of adrenal corti- 
cal extracts. 

Chloride Depletion in Conditions Other Than Addison's 

Disease. By Alexanper W. Winkler and Orrin F. 

Crankshaw (introduced by John P. Peters), New 

Haven, Conn. 

Extensive studies of salt metabolism in two cases not 
having Addison’s disease showed persistent urinary Cl 
excretion at abnormally low Na and Cl concentration in 
the serum. One was a case of pulmonary tuberculosis, 
the other a case of primary carcinoma of the lung. In a 
series of other cases of tuberculosis without Addison’s 
disease, including three cases which subsequently came to 
autopsy, determinations of Na and Cl in the scrum were 
made. Consistently subnormal values were noted. The 
difficulties in differentiating such cases from true Addi- 
son’s disease by a characteristic chemical test arc noted. 

Heat Stroke: A Clinical Study. By M. A. Blanken- 

HORN and E. B. Ferris, Jr, and (by invitation) G. E. 

Cullen and H. W. Robinson, Cincinnati, Ohio. 

During two successive heat waves in 1936 studies of 
patients suffering from heat stroke were made in the 
Cincinnati General Hospital and the Children’s Hospital 
Research Foundation of the University of Cincinn.iti. 
Fortj'-thrce patients with high tcmper.ntures were re- 
ceived, of whom sixteen died and thirteen were autopsied. 
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Routine clinical studies were made on thirty-nine patients. 
On seventeen patients studies of the circulation, including 
venous pressures, were augmented by analysis of carbon 
dioxide content and oxygen content of arterial and 
venous blood to demonstrate the state of circulation. 
Further chemical studies of the blood were carried out, 
including determinations of protein concentration, hemo- 
globin concentration, acid base balance and cell volume. 

The results of these studies demonstrated adequate cir- 
culation, a moderate but definite hcmoconccntration, and 
a moderate acidosis. There was no striking change in 
tlie sodium chloride content of the serum in the seventeen 
patients who were adequately studied, which indicates that 
these cramps arc distinctly different from the condition 
of “ heat cramps.” Absence of sweating was a constant 
finding on admission and most patients noted a diminution 
or absence of sweat preceding the onset of heat stroke. 
No cause for the cessation of sweating is suggested by 
any of these studies. It is, however, apparent that 
peripheral or congestive failure, deficient chlorides, and 
dehydration were not primary factors in the retention of 
heat nor in the symptomatology. 

Of the several methods tried the most successful for 
the rapid cooling of the patients was that of submerging 
them in tubs of ice water. 

An important question raised by these studies is why 
the patients cease to sweat and thereby fail to regulate 
their body temperature. 

Clinical and Chemical Observations on Forty-eight Men 

Suffering front Exposure to High Environmental Tem- 
perature, By John H. Talbott and (by invitation) 

D. B. Dill, Boston, Mass. 

This communication is a summary of the data obtained 
on workmen who reported off duty following exposure 
to high temperatures. The men were employed in the 
steel mills at Youngstoivn, Ohio, and previous to the 
onset of symptoms were considered normal and healthy 
persons. After admission to the hospital one or more 
samples of blood were drawn from each patient for the 
following analyses ; oxygen capacity, oxygen content, 
carbon dioxide content, cell volume, lactic acid, red and 
white cell count, sodium, potassium, calcium, chloride, 
phosphate, hydrogen ion concentration, total protein, os- 
motic pressure and nonprotein nitrogen. In urine samples 
the following were determined; albumin, sugar, acetone 
bodies, character of sediment, sodium, chloride, creatine, 
creatinine, and total nitrogen. 

The clinical syndromes observed were placed in one of 
three categories. These are heat cramps, heal prostra- 
tion and heat pyrexia. A diagnosis of heat cramps was 
made in 33 patients who complained of skeletal muscle 
pain. Analysis of the concentration of the constituents 
of the blood showed, among other changes, a diminished 
concentration of sodium and chloride, an increased con- 
centration of hemoglobin and serum protein, and a nor- 
mal osmotic pressure. In the urine there was a dimin- 
ished concentration of chloride. During the hospital stay 
the gain in body weight was as great as 4 kgm. 


A diagnosis of heat prostration was made in 12 patients 
who cither collapsed at work or who believed that col- 
lapse was impending. On admission to the hospital the 
patients in this group had no characteristic physical find- 
ings, and the chemical studies of the blood and urine were 
essentially normal. There was no gain in body weight 
during the hospital stay, and it was presumed that the 
etiological mechanism was not associated with a loss of 
water and salt from the body. 

Three patients were sent to the hospital because of 
unexplained fever. The pyrexia lasted 1, 3 and 21 days 
respectively. E.vccpt for the elevation of temperature, 
the clinical observations were negative and the chemical 
studies were normal. All of the patients lost weight in 
the hospital. 

This study was an attempt to differentiate clinically 
and chemically the several syndromes associated with the 
breakdown of physiological processes in healthy persons. 
It was believed that more satisfactory data would be ob- 
tained with this objective than would be possible in 
groups of aged or infirm suffering from exposure to heat 
in large cities during the summer. The changes in the 
concentration of constituents of the body fluids in pa- 
tients with heat cramps were characteristic of a depletion 
of body water and mineral salts. The pathogenesis of 
heat prostration is thought to be associated with transient 
circulatory collapse rather than an alteration of the 
chemical equilibrium of the body. The pathogenesis of 
heat pyrc.via is assumed to be related to failure of the 
heat regulating mechanism. 

On the Mechanism of Migraine Headache and the Action 
of Ergotamine Tartrate. By J. R. Gilvham: (by in- 
vitation) and H. G. Wolff, New York, N. Y. 

New light is thrown on the mechanism of migraine 
headache ^ through the analysis of the action of ergota- 
mine tartrate. Investigation has been carried out as fol- 
lows. The amplitude of pulsations in branches of the 
external and internal carotid as well as other arteries has 
been ascertained by means of optical levers and photogra- 
phy. In 14 patients with migraine headache, ergotamine 
tartrate (Sandoz) (0.3 to 0.5 mgm. intravenously) pro- 
duced a decrease of as much as 80 per cent and an av- 
erage of SO per cent in the amplitude of the temporal 
artery pulsations. This effect persisted for an indefinite 
period (90 minutes or more). In persons suffering head- 
ache there was a simultaneous decrease in the intensity of 
the headache with the progressive decrease in the ampli- 
tude of the pulsations : if the amplitude decreased slowly, 
the intensity of the headache decreased slowly ; if the 
amplitude decreased rapidly, the headache rapidly dis- 
appeared. Direct photography of the temporal artery 
taken before and after ergotamine injection showed ac- 
tual constriction of the vessel. The middle meningeal 
artery also constricts. 

On the other hand, ergotamine has little effect, if any, 
on the internal carotid and its branches, as indicated by 

^ For definition see Wolff, H. G., Arch. Neurol, and 
Psychiat., 1937, 37, 895. 
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the following data. The amplitude of the intracranial 
pulsations was measured through a needle in the lumbar 
subarachnoid space in 5 patients with migraine headaches, 
and in 28 controls without headache. Ergotamine some- 
times produced a transitory decline followed by an actual 
increase in the amplitude of pulsations, but usually the 
effects were inconstant, of varying magnitude, and bore 
no relationship to the state of the headache. Photo- 
graphs of the retinal arteries (branches of the internal 
carotid) before and after ergotamine revealed no change, 
though slight constriction in the veins was observed. 

To show further that headache was associated with in- 
creased amplitude of cranial artery pulsations and relief 
associated with decreased amplitude, the following ex- 
periments were performed. 

(o) Histamine phosphate (0.1 mgm.) was given intra- 
venously to 3 patients just after the migraine headache 
had been abolished by ergotamine. The amplitude of 
temporal pulsations then rose to more than 250 per cent 
of the post-ergotaraine level. With this increase in 
amplitude there was a return of severe headache. 

(b) In one instance, histamine (0.05 mgm.) happened 
to produce hemicrania indistinguishable from the pre- 
viously abolished migraine headache. Here the increase 
in amplitude of temporal artery pulsations was unilateral 
and on the affected side. In all instances, with the de- 
cline in the amplitude of the pulsations to the post- 
ergotamine level, the headache again disappeared. 

(c) Similarly, in 11 subjects without headache, ergota- 
mine tartrate given IS minutes previously did not prevent 
the incidence of severe headache after histamine injection. 
The amplitude of intra- and extra-cranial pulsations in- 
creased 250 per cent during the period of most severe 
headache. These experiments show also that the action 
of ergotamine tartrate is not analgesic. 

(d) In 6 subjects, pressure applied to the carotid or 
temporal arteries during the course of migraine headache 
decreased the amplitude of pulsations, and relieved the 
headache while pressure was applied. 

(e) The administration of adrenaline (subcutaneous 
0.012 cc. 1/1000 per kilo) during migraine headaches re- 
duced the amplitude of temporal pulsations 30 per cent. 
This was accompanied by short-lived relief of the head- 
ache. With the return of pulsations to their original 
level within 8 minutes, the headache also returned to its 
initial severity. It was then abolished by ergotamine 
which caused a long lasting reduction of 75 per cent in 
the amplitude of temporal pulsations. 

Despite the above described vasoconstriction after 
ergotamine tartrate, the peripheral circulation in the skin 
of the car, check and hand (by radiometric determina- 
tions) showed inconsequential change, presumably due to 
the accompanying rise in blood pressure. 

During maximum vasoconstriction of the temporal ar- 
tery and at the onset and during the height of the head- 
ache relieving effect, reflex dilatation of the pupils on 
painful stimulation of the neck, as well as pilomotor re- 
flexes were unimpaired. Moreover, the pressor responses 
to adrenaline were unchanged. These data indicate that 
after the given amount of ergotamine tartrate, smooth 


muscle is capable of responding to sympathetic impulses 
and adrenaline. 

It has also been shown, by placing a cannula in the 
temporal artery of a migraine patient, that increased in- 
travascular pressure with distension of the artery was 
accompanied by pain. These data, and those described 
above, coupling the vasoconstrictor action of ergotamine 
tartrate with the relief from pain, lend support to the 
thesis that migraine headache is an expression of dys- 
function of the cranial vascular bed, probably dilatation 
of certain branches of the external carotid artery. 

Antipneumococcus Rabbit Serum as a Therapeutic Agent 

in Lobar Pneumonia. By F. L. Hoesfall, Jr., K. 

Goodner, C. M. MacLeod and A. H. Harris, 2d (in- 
troduced by Oswald T. Avery), New York, N. Y. 

Antipneumococcus rabbit serum has been found to pos- 
sess numerous characteristics which make it theoretically 
a more advantageous therapeutic agent in lobar pneu- 
monia than is immune horse serum. Of these the more 
significant are: (1) higher protective titer per milligram 
of specifically precipitable protein, (2) smaller size of 
antibody as determined by ultrafiltration and ultracentrif- 
ugation, (3) absence of prozone phenomenon when more 
than optimum amounts are used in protection test, (4) 
failure of lipids to inhibit protective action, (5) ease and 
certainty of immunization, and (6) high potency of un- 
concentrated serum. 

Because of these indications, unconcentrated type spe- 
cific antipneumococcus rabbit scrum has been used in the 
treatment of 22 patients with pneumococcus pneumonia, 
10 with Type I, 4 with Type II, 3 with Type VII, and 
5 with Type VIII. Bacteremia was present in 12 of the 
22, consolidation of two or more lobes in 7, bilateral con- 
solidation in 3 and pleural exudate containing large num- 
bers of pneumococci in 3. 

The results of the clinical use of antipneumococcus 
rabbit serum have been characterized by: 1, a strikingly 
low mortality rate; 2, early occurrence of crisis; 3, ab- 
sence of anaphylactoid reactions; 4, sterilization of in- 
fected pleural exudates; and 5, mildness of serum sick- 
ness. These results together with the ease and rapidity 
with which the scrum can be administered, as well as the 
ability of rabbits to produce antisera against each of the 
various types of pneumococci suggest that antipneumo- 
coccus rabbit scrum is a therapeutic agent of considerable 
merit 

Allergy and Desensitization in Tuberculosis. By H. S. 

WiLus and (by invitation) C. E. Woodruff, Detroit, 

Mich. 

When guinea pigs are infected with tubercle bacilli and 
become allergic, their allergic phenomena arc associated 
with a demonstrable degree of immunit>’. It has recently 
been claimed that, when such animals are densensitized 
by the introduction of repeated doses of tuberculin, all 
allergic phenomena disappear but immunity remains. In 
these e-xperiments groups of norm,-!!, allergic and de- 
sensitized guinea pigs were inoculated with virulent tu- 
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bcrclc bacilli and were sacrificed at varying intervals 
thereafter. From the spleens of these animals tubercle 
bacilli have been removed and their numbers determined. 
The work indicates definitely that tubercle bacilli spread 
over the body of the desensitized animal with distinctly 
more facility than they do over the allergic body and that 
the desensitized animal is actually not the same immune 
animal that it was during the days of its allergy. 

Histological study of the spleen indicates development 
of widespread fibrosis as a result of the desensitization 
process. 

Studies on Anaphylaxis in the Isolated Heart. By Her- 
bert B. Wilcox, Jr. (by invitation), and E. Cowles 

Andrus, Baltimore, Md. 

If the hearts of guinea pigs arc isolated and perfused 
with Ringcr-Locke solution, the introduction of horse 
serum into the normal heart via the perfusate produces 
no significant effect. In the heart removed from an ani- 
mal previously sensitized to horse scrum the introduction 
of antigen (0.005 cc.) provokes obvious, though evanes- 
cent, alterations in function; (a) Cliangcs in cardiac 
rate; (b) Alterations in auriculoventricular conduction; 
(c) The development of ectopic rhythms ; (rf) Variations 
in the form of the electrocardiographic complexes; (c) 
Pronounced diminution in the rate of coronary flow. 

The degree of reduction of the rate of coronary flow 
which always accompanies the other phenomena of car- 
diac anaphylaxis, and the fact that often it is the first 
change to appear, suggests that it may be of primary im- 
portance. 

The effects of small amounts of histamine on such 
perfused hearts include; (a) Changes in cardiac rate; 
(b) The development of ectopic rhythms ; (c) Variations 
in the form of the electrocardiographic complexes; (d) 
Pronounced diminution in the rate of coronary flow. 

The presence of atropine in the perfusate in a con- 
centration of 1 : 100,000 inhibits all the manifestations of 
cardiac anaphylaxis ; but only the coronary-flow-diminish- 
ing power of histamine. The possibility of a functional 
inter-dependence existing between cardiac anaphylaxis, 
the coronary vascular bed, and perhaps the production of 
an histamine-like substance is suggested. 

The Influence of Diet on the Course of Nephrotoxic 

Nephritis in Rats. By Lee E. Farr and Joseph E. 

Smadel (introduced by Homer F. Swift), New York, 

N. Y. 

The renal injury, induced in rats by anti-kidney serum, 
provides a tool for testing the role of diet in nephritis, a 
question that has been long under discussion in the treat- 
ment of Bright’s Disease. 

Forty-eight young rats were fed a purified diet for a 
period of one month, while renal function studies, plasma 
protein and hemoglobin determinations and urinalyses 
were made. Then severe nephritis was induced uni- 
formly in all the animals by intravenous injections of 
nephrotoxic serum given on three successive days. The 
animals were divided into three comparable groups and 


fed different isocaloric diets. Each diet contained 27 per 
cent fat, 4 per cent salt mixture, and vitamins. They dif- 
fered as follows : Diet 1, 64 per cent carbohydrate and S 
per cent protein ; Diet 2, SI per cent carbohydrate and 18 
per cent protein ; Diet 3, 29 per cent carbohydrate and 40 
per cent protein. Diet 2 was used during the control pe- 
riod. Observations made during the control period were 
continued at three-week intervals for eleven months fol- 
lowing injection. 

The course of the nephritis in all three groups was par- 
allel for one month following injection. During the sec- 
ond month evidences of nephritis markedly diminished or 
disappeared in all but two animals on Diet 1. These two 
died in the fifth month without renal failure. All other 
animals in this group survived, and at the end of the ex- 
periment all but three had normal urine. Every animal 
fed Diet 3 showed progressive nephritis, and thirteen died 
of apparent renal failure during the experiment; the re- 
maining three were in the terminal phases of the disease 
when sacrificed. Of the animals fed Diet 2, one recov- 
ered in the second month, nine died of apparent renal 
failure during the experiment, and the remaining six had 
abnormal urine findings throughout. It is concluded 
that; 1. Chronic progressive nephritis follows a sinplc 
insult to the kidney, under certain conditions. 2. The 
course of nephrotoxic nephritis in rats can be markedly 
influenced by diet. 

Hemoglobin Nephropathy; A Pathological Study in Man 
and the Dog. By Elmer L. DeGowin and Emery D. 
Warner (introduced by Horace M. Korns), Iowa 
City, Iowa. 

The tissues of 8 humans dying of transfusion anuria 
and one dying from quinine hemoglobinuria were studied. 
It is evident from a study of these and a comparison of 
other cases reported in the literature that rivo distinct 
types of nephropathy occur. In one, there is little evi- 
dence of tubular obstruction but there are varj'ing de- 
grees of necrosis, particularly in the epithelium of the 
proximal convoluted tubules. In the other type, epithelial 
degeneration is minimal while the distal portions of Hen- 
le’s loops are plugged with hemoglobin precipitate and 
crystals while the proximal lumina are dilated. The 
glomeruli are not damaged in either case. 

Dogs were transfused with hemoglobin solutions. 
When the urine was alkaline the kidneys were not af- 
fected. When the urine was acid, however, they devel- 
oped uremia and died. The recurring portions of Hen- 
le’s loops were plugged with hemoglobin pigment and 
crystals while the proximal lumina were dilated. The 
tubular epithelium showed little necrosis. In one dog 
subjected to the same procedure, however, there was 
tubular necrosis but no pigment obstruction. 

We conclude that most of the dogs and some of the 
humans developed renal insufficiency because of the pre- 
cipitation of hemoglobin in an acid medium producing 
obstruction of the tubules. This explanation does not ac- 
count for some of the human cases although the clinical 
course is similar in all. 
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The Urinary Excretion of Androgenic and Estrogenic 
Substances in Normal Men and Women and in Hypo~ 
gonadism, Gynecomastia and Virilism. By T. F. Gal- 
lagher, A. T. Kenyon, D, H. Peterson, R, I. Dorf- 
MAN and F. C. Koch (introduced by O. H. Robert- 
son), Chicago, 111. 

Benzene extracts of hydrolyzed urine were assayed for 
androgenic properties upon the capon's comb and for 
estrogenic properties upon adult spayed rats. The 
values given below are based on the two hour hydrolysis. 

Four normal young men, studied for six weeks, ex- 
creted an average of 40 international androgen units per 
day (range 13 to 79), and an average of the equivalent 
of 10 gamma of theelin per day (range 2 to 29), with no 
conclusive evidence of cyclic variation. 

Four normal young women, studied for four weeks, 
excreted an average of 28 international androgen units 
per day (range 13 to SI), and an average of the equiva- 
lent of 25 gamma of theelin per day (range 4 to 60). 
The c 3 'clic increase in the estrogen output during the in- 
termenstruum was unaccompanied by alteration in the 
androgen output. 

Eight male hypogonads excreted about a third of the 
normal androgenic and estrogenic material. Four men 
with gynecomastia showed no conclusive changes in the 
amount of excreted hormones. Twenty women with 
virilism showed normal values as a rule, slightly high 
values for the androgenic material on occasion, and in 
one instance (adrenal cortical carcinoma) the high value 
of 480 international androgen units. The urine with the 
high values showed spectrographic properties tmlike 
androsterone and like certain adrenal cortical derivatives. 

Evidence for the Existence of Two Factors Necessary 
for the Successful Treatment of Pellagra or Experi- 
mental Canine Black Tongue. By Julian M. Ruffin, 
Elbert L. Persons and H. I. Harvey (by invitation), 
and David T, Smith, Durham, N. C. 

Patients with acute pellagra were hospitalized and fed 
a diet adequate in all respects except the pellagra preven- 
tive factor of Goldberger. The tests were limited to 
those patients who showed increasing symptoms while 
subsisting on the basic diet and those whose symptoms 
were reactivated by exposure to graded doses of sun- 
light. The criteria of a successful remission were (1) 
prompt disappearance of all symptoms, (2) marked in- 
crease in appetite, and (3) failure of maximum doses of 
sunlight to reactivate the disease. 

Rapid and complete recoverj' was noted in 20 of 22 pa- 
tients receiving an aqueous extract of 675 grams of liver 
daily. “ Solution liver extract — Valentine (N. N. R.).” 

Twentj'-three patients were treated by parenteral injec- 
tions of various liver extracts potent for pernicious 
anemia. Total doses derived from 400 to 6,750 grams 
of liver gave prompt improvement in the mouth and 
tongue S3Tnptoms, but there was no improvement in ap- 
petite, no constant effect on the diarrhea and in most in- 
stances relapse occurred after exposure to sunligbL 


One patient was given orally the extract for parenteral 
use derived from 700 grams of liver daily for 6 da 3 ’s 
without improvement. 

The liver residue discarded in the process of manufac- 
turing the parenteral extract was ineffective in 5 patients 
who received total doses derived from 7,680 to 9,600 
grams of liver. A dose derived from 28,800 grams was 
effective in one case of pellagra but this same massive 
dose was also effective in 3 cases of pernicious anemia 
and one of sprue. 

The combination of the partially effective dose of the 
parenteral extract (derived from 700 grams) and the in- 
effective dose of residue (derived from 9,600 grams) pro- 
duced an immediate and dramatic remission in 4 cases of 
pellagra. 

Black tongue was produced in dogs by feeding a modi- 
fication of Goldberger’s black-tongue producing diet num- 
ber 123. The treatment was limited to a ten da 3 ' period. 
The criteria for a good result were (1) cure of the 
mouth lesion, (2) restoration of the appetite, and (3) a 
prompt gain in weight which must be maintained for 10 
days after the treatment is stopped. 

An aqueous extract of whole liver, "solution liver ex- 
tract — Valentine (N. N. R.),” was effective in 3 dogs 
receiving a total dose derived from 3,670 grams of liver. 

In 5 dogs parenteral injection of pernicious anemia 
liver extract derived from 300 grams of liver improved 
the mouth temporarily but had no other effect. 

Five dogs received 3,000 grams of the parenteral liver 
with marked improvement in the mouth but unsatisfac- 
tory weight gain and a relapse of black tongue after 22 
days. 

Eleven dogs received the residue derived from 1,000 
grams of liver without improvement. One dog made a 
slow improvement after receiving the residue derived 
from 2,000 grams and 3 dogs made a satisfacfor 3 ' re- 
covery when the dose was raised to 3,000 grams. E\-en 
better results were obtained in 14 dogs when the 3,000 
gram dose was supplemented with 300 of the parenteral. 

When the ineffective dose of parenteral extract (de- 
rived from 300 grams) was given with the ineffective 
dose of the residue (derived from 1,000 grams) to four 
dogs, dramatic improvement resulted which differed from 
our best results only in the shorter length of lime which 
intervened before the next attack of black tongue. 

From these observations it would seem that there arc 
two factors in liver which arc nccessar>' for the success- 
ful treatment of pellagra in man and experimental black 
tongue in dogs. 

The Relation of Vitamin B to Scrum Proteins and to 

Edema. B 3 ' He.vby Field, Jr,, .Ann Arbor, Mich. 

Nutritional edema has been commonly considered to lie 
the result of deficienc 3 - in protein intake. In 1933 Elsom 
reported studies on two patients with dccreascil scrum 
protein and edema while on a diet adequate in protein 
but deficient in ritamin B. 
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Wc have o1)scrvccl eases with edema and lowered 
serum proteins despite diets apparently adequate in both 
protein and vitamin who had no apparent cardiac or 
renal cause therefor. Relief has followed supplements 
of vitamin B complex. These include eases of cirrhosis 
of the liver, one of whom has been maintained edema 
free and with nearly normal scrum proteins for one year 
despite increasing impairment of liver function by other 
evidence. In another, who has recently developed evi- 
dence of hepatic insufiiciency after two years of treat- 
ment, edema and lowered plasma proteins have recurred 
three times when the vitamin supplement has been ne- 
glected and have been relieved each time by its resump- 
tion. 

One ease of amyloidosis developed edema four weeks 
after urine specimens were known to be normal and at a 
time when he had mild proteinuria. Edema disappeared 
and serum proteins increased despite greatly increased 
proteinuria. Another patient had had a partial gastrec- 
tomy for duodenal ulcer and a jejunostomy for in- 
testinal obstruction. In three of these patients edema 
has disappeared before the serum proteins reached the 
“ critical level.” One case of nutritional edema with nor- 
mal serum proteins has been promptly relieved by vitamin 
B supplements. 

It is suggested that vitamin B complex is a factor in 
the maintenance of serum proteins and that an increased 
intake may be beneficial when they are lowered in or- 
ganic disease. It is also suggested that it is a factor in 
production of edema aside from its relation to serum 
proteins. 

Positive Pressure Respiration and its Application to the 
Treatment of Acute Pulmonary Edema and Respira- 
tory Obstruction. By Alvan L. Barach and (by in- 
vitation) John Martin and Morris Eckman, New 
York, N. Y. 

Evidence is presented which supports the concept that 
obstructive dyspnea produces pulmonary congestion, 
edema and emphysema because of the pathologically in- 
creased negative pressure within the chest during inspira- 
tion, The application of moderate positive pressures to 
inhalation therapy reduces the negative intrapleural pres- 
sure, relieves the dyspnea and tends to prevent pathologi- 
cal changes in the lungs. 

In various types of experimental and clinical acute pul- 
monary edema the most important causal factor appears 
to be the negative pressure in the lungs during the in- 
spiratory phase of respiration, since a suction action is 
exerted on pulmonary capillaries which may already have 
a tendency to ooze serum either because of engorgement 
or increased capillary permeability. Inhalation of air, 
oxygen or helium mixtures is followed by a clearance of 
pulmonary edema, the mechanism of which appears to be 
the lowering of the pathologically increased negative 
pressure within the chest. 

The effects of positive pressure respiration on circu- 
latory function in normals, patients with cardiac insuffi- 
ciency and patients with asthma were presented. 


The Deposition of Radium Salts in Bones, and Their 
Relation to Calcium Metabolism. By J, Alfred Cal- 
houn and Joseph C. Aub, Boston, Mass. 

Radioactive lead, a disintegration product of the gas 
Radon, was used to demonstrate the effects of acute poi- 
soning. A small amount of this substance, given intra- 
venously to three dogs, caused death in from ten to 
twelve days. Because of the presence of a radioactive 
salt, the bones were self-photographic, and it was shown 
that most of the radioactive lead had been deposited in 
the trabeculae. Analyses, done by very delicate physico- 
chemical methods (sensitive to 0.0001 mgm.), showed 
that the trabeculae contained an average of eleven times 
as much radioactive lead as the cortical bones. 

Bones and teeth from two patients demonstrate the 
chronic effects of radioactive materials. A self-photo- 
graph of a tootli from a living patient, who has been a 
radium dial painter for fourteen years, shows radium de- 
posited deeply in the tooth. Thus, the area of inorganic 
salt deposit in teeth has been established. Self-photo- 
graphs of bones secured at autopsy from a patient who 
received " Radium water ” and who died of a neoplasm 
of the bones of the knee, demonstrate the position of 
heavy metals in bones long after exposure has ceased. 
Analyses of these bones show practically an even distri- 
bution of radium between the trabeculae and cortex. 

Therefore, it is clear that therapy should be more 
effective earl_v, for at that time heavy metals are local- 
ized in regions where they can be more readily mobilized. 

The Use of the Cathode-ray Oscillograph in the Study 
of the Monocardiogram. By Frank N. Wilson, 
Franklin D. Johnston and Paul S. Barker, Ann 
Arbor, Mich. 

The concept of a single figure which represents the di- 
rection of the electrical axis and the magnitude of the 
cardiac potential at every instant during the cardiac cycle 
is not new. Mann has referred to this figure as the 
monocardiogram. Such curves can be constructed from 
measurements made on any two of the three standard 
leads recorded simultaneously, but the process is too 
laborious for use in the analysis of a large number of 
electrocardiograms. When conventional Lead I and the 
potential variations of the left leg ( Vp) are amplified to 
the required degree and impressed upon the plates of a 
cathode-ray tube, the former upon the horizontal and 
the latter upon the vertical plates, the monocardiogram 
is inscribed on the end of the tube by the luminous spot 
produced by the electron beam and may be easily photo- 
graphed. 

We have taken a considerable number of monocardio- 
grams in this way, using both normal individuals and pa- 
tients with various electrocardiographic abnormalities as 
subjects. 

The figures obtained are closed loops of varying size 
and shape. The spot may traverse the loop in a clock- 
wise or counterclockwise direction. Irregularities in its 
movement, or a reversal in the direction of its motion, 
occurs in cases in which conspicuous notching of the 
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QRS group is present. The orientation of the loop with 
reference to the zero position of the spot depends on the 
position of the mean electrical axis. 

It is hoped that the monocardiogram may give in- 
formation of value in the analysis of the electrocardio- 
gram by making it possible to distinguish between curves 
which have a similar appearance but are fundamentally 
different with respect to the origin of their components. 
The method makes it possible to convert the three curves 
of the standard leads into a single curve and this greatly 
simplifies the analysis of the form of the electrocardio- 
graphic deflections. 

M etaboUc Studies on Idiopathic Steatorrhea. By Samuel 
H. Bassett and E. Henry Keutmann (introduced by 
Wm. S. McCann), Rochester, N. Y. 

Lipid, nitrogen, calcium and phosphorus balances have 
been determined in three cases of idiopathic steatorrhea 
in an attempt to evaluate various therapeutic procedures. 
Prolonged administration of large doses of liver extract 
intramuscularly was found ineffective in all cases. Re- 
placing starches and sucrose in the diet by addition of 
equivalent amounts of dextrose and ripe banana, while 
the quantity and source of fat remained constant, did not 
cause improvement in the steatorrhea. Absorption of 
fatty acids was not improved by glycerophosphate or ox 
bile given orally. 

Two patients showed the expected decrease in steator- 
rhea when the intake of fat was sharply restricted. In 
one of these, defective absorption of calcium was not im- 
proved by practically complete removal of fat from the 
diet. In a third patient with a relatively mild steator- 
rhea, the fatty acids of the feces could be reduced fifty 
per cent by shifting from normal to a low calcium in- 
take. It is believed that the steatorrhea in this last pa- 
tient was eaused in part at least by defective absorption 
of calcium, failure to absorb fatty acids with the usual 
completeness being due to formation of insoluble calcium 
soaps in the small intestine. 

READ BY TITLE 

Factors Controlling the Behavior of Glucose in the Hu- 
man Stomach and Small Intestine. By W. Osler Ab- 
bott, Walter G. Karr (by invitation) and T. Grier 
Miller, Philadelphia, Pa. 

The factors governing the behavior of glucose in the 
normal human digestive tract have been studied. Evi- 
dence has been secured to show that a glucose solution, 
even of 50 per cent concentration, begins to leave the 
stomach within two minutes, but that the concentration 
of the solution as it enters the duodenum may be re- 
duced to 15 per cent or less. The glucose may in turn 
enter the jejunum within two minutes but when its con- 
centration usually is only 3 to 5 per cent. The rapid re- 
duction in the sugar content of the ingested solution 
from SO per cent to 5 per cent within less than five 
minutes and during its passage along a scant two feet of 
alimentary canal is accomplished by dilution and by selec- 
tive absorption of glucose from the fluid of the duodenal 


contents. The capacity of the diluting mechanism has 
been tested and, excluding the bile and pancreatic juice, 
the fluid derived from the duodenal mucosa alone has 
been found sufficient to double the volume of a 25 cc. 
sample of a IS per cent solution in four minutes. The 
response of the duodenum to glucose has been compared 
to that of the jejunum and ileum, and the changes in the 
electrolyte concentration and the osmotic pressure of 
the intestinal contents have been determined. 

Photometric Studies of Visual Adaptation in Relation to 
Mild Vitamin A Deficiency in Adults. By John B. 
Youmans and (by invitation) Marvin B. Corlette, 
Helen Frank and Mildred G. Corlette, Nashville, 
Tenn. 

Using an improved type of visual photometer we have 
studied the dark adaptations of a group of 54 presum- 
ably healthy adults and a group of SO adult outpatients 
of our clinic. Eighty-three per cent of the former had 
initial recovery readings, after blanching, of 0.7 milli- 
foot candles or less, while SO per cent of the patient 
group showed poorer readings than this. Practically all 
subjects in both groups who had relatively poor dark 
adaptations and who were given large amounts of vita- 
min A for 4 to 6 weeks showed definite improvement and 
came within the limit of 0.7 millifoot candles. These 
findings have led us to propose 0.7 millifoot candles in 
the initial recovery reading as a tentative limit of normal 
dark adaptation in adults. Normal subjects with good 
adaptations were improved only very slightly after simi- 
lar treatment showing that they were already at their 
optimum levels of dark adaptation, and vitamin A nu- 
trition. 

Clinical Results with the Elsberg Olfactory Test. By 
Alexandra Adler and Knox H. Finley (introduced 
by Tracy J. Putman), Boston, Mass. 

Eisberg’s investigations have opened a wide field for 
physiological and clinical studies on olfaction. 

For clinical purposes his most important methods arc: 

1, The “ M. I. O." (minimal identifiable odor) express- 

ing the minimum amount of air saturated with odor 
necessary for recognition. 

2. "Olfactory fatigue,” which is the intcr\'al of rest 

after an odor fails to be perceived before it can be 
perceived again. 

Elsberg found an increased M. I. O. in cases of brain 
tumor producing direct pressure on the olfactory tract 
and an increased olfactory fatigue with tumors within 
the brain substance. 

In 7 verified pituitary tumors with signs and supra- 
orbital tumors respectively we found the M. I. O. nor- 
mal in 4 and increased in 3, The olfactory fatigue was 
normal in all 7. In 16 verified cerebral tumors without 
direct pressure on the olfactorj- tract we found the 
M. I. O. increased in 3 and normal in 13. Olfactory 
fatigue was increased in one, undeterminable in one be- 
cause of the high if. I. O. and normal in 14. 
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In conclusion tl)c Elsbcrg olfactory test enables us to 
determine quantitatively the olfactory function. In a 
few of our cases with direct pressure on the olfactory 
tract the M, I. O. was increased suggesting that this part 
of the test may be of diagnostic help in such cases. In 
respect to intracerebral growths the occurrence of in- 
creased olfactory fatigue seems to be too rare (1 out of 
16) to be of practical clinical value. 

Hcvtatopoiclic Principle in the Diseased Human Liver. 
By Leon Sciiiff and (by invitation) Murray L. Rich 
and Stanley D. Simon, Cincinnati, Ohio. 

In an attempt to elucidate the mechanism of macrocytic 
anemia in liver disease, extracts made of livers obtained 
from two cases of hepatic cirrhosis with associated 
macrocytic anemia were administered intramuscularly to 
patients with pernicious anemia in relapse. Positive 
hematopoietic responses were obtained. Similarly pre- 
pared extracts made from cases of acute yellow atrophy, 
toxic hepatitis, chronic passive congestion and malignant 
neoplasm of the liver also yielded positive responses. 

The results indicate that the severely diseased liver 
may store the antianemic principle and that the macro- 
cytic anemia of liver disease cannot necessarily be 
ascribed to failure of such storage. 

The Produclion of Signs and Symptoms of Toxemia of 
Pregnancy by the Administration of Sodium Salts to 
Pregnant Women with Hypoproteincmia. By Maurice 
B. Strauss, Boston, Mass. 

Twenty-four women have been studied in the last 
trimester of pregnancy. Eight women with known pre- 
existing arterial hypertension without exacerbation in 
pregnancy and with essentially normal plasma proteins 
were given daily 6.3 grams of sodium (either as 16 
grams of the chloride or 23 grams of the bicarbonate) 
for one week. Water was allowed ad libitum. Slight 
increments of weight unassociated with blood pressure 
changes or other signs or symptoms occurred. 

Ten women with hypoproteincmia and arterial hyper- 
tension in the last trimester of pregnancy were given 
similar amounts of sodium daily. Eight of these women 
had no pre-existing arterial or renal disease. Weight 
gains of from 3.3 to 7.7 per cent together with gross 
edema occurred. The arterial blood pressure, particu- 
larly the diastolic, rose significantly. In 5 women in- 
creasing albuminuria was noted, and in 3 symptoms of 
pre-eclampsia became so alarming that the administration 
of sodium had to be discontinued within 4 days. Six 
women with hypoproteincmia were observed under identi- 
cal conditions, but without the administration of sodium 
salts, as a control of the above observations. No gain 
in weight, edema, elevation of the blood pressure, or 
other symptoms occurred. The administration of a high 
protein diet to these women resulted in weight losses of 
from 2.9 to 4.1 per cent and the subsidence of symptoms. 

The conclusion is drawn that the signs and symptoms 
of toxemia of pregnancy in the patients studied resulted 
from water retention induced by sodium salts in the pres- 
ence of hypoproteincmia. 


Studies in Pernicious Anemia. Extirpation of "Intrinsic 
Factor” Sources. By Arthur Geiger, Louis Good- 
sian and Louie N, Claicorn (introduced by Francis 
G. Blake), New Haven, Conn. 

E.xpcrimcnts on swine designed to elucidate further the 
role of gastro-intcstinal factors in pernicious anemia 
have been carried into the third year. The main sources 
of the "intrinsic factor’’ have been eliminated by total 
gastrectomy, isolation of the pylorus, duodenectomy, and 
gastrectomy plus duodenectomy. 

Thirty-six young swine were used. Growth and de- 
velopment were normal in all animals surviving simple 
gastrectomy. Only a mild hypochromic anemia resulted 
during the first postoperative year despite repeated preg- 
nancies, One sow, now 30 months agastric, has in the 
past 6 montlis developed a striking and steadily progress- 
ing macrocytic and hyperchromic red cell morphology. 
Bone marrow studies are in preparation. Spinal cord le- 
sions have thus far appeared in only one animal. Clini- 
cal assay of the livers from agastric animals revealed 
appreciable loss of rcticulocytogcnic power in 2 months, 
marked depletion in 6 months, and complete absence of 
antianemic potency in 18 months. Gastrectomy plus 
duodenectomy, and duodenectomy alone resulted in con- 
siderable disappearance of liver potency within several 
months. The differentiation between a hormonal and 
enzymatic nature of the antianemic principle is being 
sought by assay of livers of newborn pigs obtained from 
agastric and from normal sows. 

Medical Treatment of Hyperthyroidism with a High Fat 
Diet. By S. Soskin and (by invitation) I. A. Mirsky, 
Chicago, III. 

The present adequacy of surgery in hyperthyroidism 
has left little opportunity for the observation of medical 
treatment in severe cases. A patient who absolutely re- 
fused operation offered us such an opportunity. The re- 
sults are recorded in order that others may be able to 
compare their observations as occasion arises. 

The rationale of our treatment was based on several 
reports that diet may influence the hyperthyroid state or 
the action of administered thyroxin. More specifically, 
Loumos and also Scoz have shown that the feeding of 
certain fats may inhibit the activity of thyroxin in ex- 
perimental animals. It seemed possible that the hypo- 
lipemia in hyperthyroidism might be playing a primary 
rather than a secondary role. 

A woman, age 36, was admitted to the Max Pam Unit, 
Michael Reese Hospital, on June 10, 1935, four months 
after the advent of an acute hyperthyroidism. She com- 
plained of nervousness, palpitations, loss of weight and 
oligomenorrhea. She showed thyroid enlargement, lid 
lag, tremor, pulse rate of 116, blood pressure 140/74, 
basal metabolic rate plus 62.9, blood cholesterol from 147 
to 176, and she weighed 110 pounds. On a diet of P. 90 
F. 230 CHO. 90, with 3 grams of cholesterol per day 
added to the butter ration for about 3 weeks, she soon 
showed remarkable improvement. No iodine was given 
at any time. She was discharged on October 15, 1935, 
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on the above diet, and has been observed at weekly inter- 
vals to date. At present there are no signs or symptoms 
of hyperthyroidism. Pulse rate is 70 to 80, blood pres- 
sure 120/70, basal metabolic rate minus 6 to plus 13, 
blood cholesterol over 200 mgm. per cent and weight 140 
pounds. 

Studies of Blood Formation in the Fetus and Newborn. 
IV.^ By M. M. WiNTROBE and (by invitation) Dean 
A. Clark, Baltimore, Md., Wiluam Tracer, Prince- 
ton, N. J., and Lewis Danziger, Baltimore, Md. 
Whereas extracts for parenteral injection made from 
the livers of pig fetuses showed no antianemic potency in 
cases of pernicious anemia, desiccated liver of the last 
third of the gestation period, administered orally, caused 
a slight reticulocyte response in two out of three cases. 
However, the erythrocyte count did not rise and desic- 
cated adult liver caused a much more striking response. 
Desiccated placenta showed no potency whatever. In 
assays for the growth promoting factor needed by mos- 
quito larvae, the desiccated fetal livers were found to be 
about half as potent as desiccated adult liver. This fac- 
tor was present in desiccated placenta but the quantity 
was small as compared with that found in adult liver. 

Desiccated fetal stomach, on the other hand, appears to 
contain significant amounts of the antianemic substance 
effective in pernicious anemia, although the quantity may 
be less than in desiccated adult stomach. A concentrate 
of milk vitamins has been shown to contain "extrinsic 
factor." Extracts of the livers of stillborn pigs admin- 
istered parenterally, have shown no potency but the lim- 
ited observations made to date indicate that antianemic 
substance is found in increasingly greater concentration 
in the liver as age advances. 

The Site of the Interaction of Extrinsic and Intrinsic 
Factors in Pernicious Anemia. By William B. 
Castle and (by invitation) R. W. Heinle, Boston, 
Mass. 

Convincing evidence is lacking for any specific action 
in vitro of normal human gastric juice (intrinsic factor) 
upon beef muscle (extrinsic factor) responsible for the 
observed increased blood production and clinical improve- 
ment in pernicious anemia. Indeed, since neutral mix- 
tures are effective, the essential interaction between these 
factors may take place only after their absorption from 
the alimentary tract. The purpose of the present ob- 
servations was therefore to discover whether any essen- 
tial interaction between beef muscle and gastric juice oc- 
curs within the alimentary tract, and, if so, whether such 
interaction results in the production of the active prin- 
ciple of the normal mammalian liver. During successive 
10-day periods of the daily administration of test mix- 
tures reticuloo'te and red blood cell counts ivcre made 


^ This investigation has been made with the assistance 
of grants from The National Research Council and The 
Committee on Therapeutic Research, Council on Phar- 
macy and Chemistry, American Medical Association. 


upon 8 patients with Addisonian pernicious anemia while 
on controlled dietary regimes. 

The daily administration of mixtures of beef muscle 
and gastric juice incubated for 6 hours and administered 
at an acid reaction (pH 1.8 or 2.5) produced negative 
results. However, positive effects upon blood formation 
were observed if, after such incubation, the mixture was 
administered at a reaction of pH S to 7. Control ob- 
servations • showed that a mixture of beef muscle and 
gastric juice incubated with pepsin for 12 hours at pH 
1.8 was effective upon administration after neutraliza- 
tion. The failure of the unneutralized mixtures was 
therefore apparently not due merely to the prolongation 
during an in vivo period of a destructive process begun 
during the in vitro acid incubation. Thus, the strongly 
acid reaction seemingly provided an environment unsuit- 
able for the essential interaction of the beef muscle and 
gastric juice. This unfavorable effect must have oc- 
curred in vitro or within the intestinal tract rather than 
parenterally. 

The activity of mixtures of beef muscle and gastric 
juice, with or without the serial addition of normal hu- 
man duodenal contents or hogs’ duodenal and small in- 
testinal mucosa after 2-hour incubation at pH 7, was 
destroyed by temperatures (40° to 100° C.) not destruc- 
tive of the activity of aqueous solutions of the liver frac- 
tion “G” of Cohn, Minot and their associates. There- 
fore, contrary to the assertion of Klein and Wilkinson,^ 
the formation of the thermostable active principle of liver 
could not be demonstrated in vitro under the above condi- 
tions. 

As shown above, the active principle of liver is ap- 
parently not formed from beef muscle in vitro by serial 
contact with gastric, duodenal or intestinal secretions. It 
is therefore probable that, although an essential inter- 
action between beef muscle and normal human gastric 
juice occurs within the alimentary tract, it involves only 
a preliminary step in the formation of the active prin- 
ciple of liver. 

Observations on the Action of Aminophyllin on the Intra- 
thecal and Venous Pressures and on the Bronchi as a 
Possible Mechanism for Its Beneficial Effect on 
Cheyne-Stokes Breathing, Dyspnea, and Paroxysmal 
Dyspnea. By James A. Greene, and (by invitation) 
W, D. Paul and A. E, Feuer, Iowa City, Iowa. 

The mechanism by which theophylin-cthylcne-diaminc 
ameliorates cardiac dyspnea and converts Cheyne-Stokes 
breathing to a regular rhythm is not known and has been 
the object of this investigation. These effects of the 
drug arc attributed to an improvement in cerebral circula- 
tion. 

The effect of intravenous administration of the drug 
upon the intrathecal and venous pressures mc.Tsurcd both 
separately and simultaneously has been obscn-cd. The 
intrathecal and venous pressures decrease almost simul- 


> Klein, L., and Wilkinson, J. F., Biocljcm. J., 1934, 
28. 1684. 
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tancously with the improvement of respiratory distress or 
change of periodic breathing to a regular rhythm. Amyl 
nitrite and nitroglycerine, on the other hand, increase the 
intrathecal and venous pressures and do not alter the 
respirations. 

Bronchial obstruction may be relieved, if it is present, 
as evidenced by the increase in vital capacity and sub- 
jective relief when the drug is administered to patients 
during an acute attack of bronchial asthma of allergic 
etiology. 

Studies on the Anemia of Chronic Glomerulonephritis 
and Its Relationship to Gastric Acidity. By S. R. 
Townsend, E. Massie and R. H. Lyons (introduced 
by J. P. O’Hare), Boston, Mass. 

Forty-eight cases of chronic glomerulonephritis were 
studied in relation to the anemia, degree of nitrogen re- 
tention and gastric acidity. In addition, histological stud- 
ies were made of rib marrow and sections of stomach in 
thirty-one cases of glomerulonephritis. 

The result of our observations indicate that the anemia 
was of the normocytic type, the red cell being normal in 
size with the hemoglobin content of the cell slightly de- 
creased. The anemia became manifest with the develop- 
ment of renal insufficiency and increased with the degree 
of nitrogen retention. As the anemia, renal insufficiency 
and retention of nitrogen became more marked, gastric 
acidity was found diminished. Absolute achlorhydria 
was discovered when acidosis became evident and the 
blood CO» content fell below thirty volumes per cent. 

Our investigations, along with those of others, lead us 
to feel that the diminished to absent gastric acidity plays 
an important role in the improper digestion and absorp- 
tion of ingested food and iron and can account, in part at 
least, for the persistence of the anemia and its lack of 
response to therapy. 

Studies of the bone marrow do not support the common 
theory of lack of active blood-forming tissue as the eti- 
ological factor in the production of the anemia since the 
postmortem rib marrow is in a normal or hyperplastic 
state. Studies of sections of stomach did not reveal any 
histopathological explanation for a diminution of the 
gastric acidity, although many cases died in acidosis and 
uremia. 

The Effect of Alcohol on the Water and Electrolyte Bal- 
ances in Man. By Wiluam M. Nicholson and Hay- 
wood M. Taylor (introduced by D. T. Smith), Dur- 
ham, N. C. 

The effects of alcohol on the electrolytes and water 
balances have been studied in normal, healthy, adult male 
volunteers. The subjects were placed on a constant diet, 
aliquots of which were analyzed for their sodium, potas- 
sium, chloride, nitrogen and water contents. The day 
was divided into eight hour periods. Urine and stool col- 
lections were made for these periods. At the end of 
three days on the diet the subjects were given alcohol in 
sufficient quantities to produce intoxication. 

The sodium, potassium, chloride, and nitrogen content 
of the urine was determined, and complete electrolyte 


studies were carried out upon tiic blood. Plasma vol- 
umes were estimated by the dye method of Gregersen. 
Estimations of the alcohol content of the blood were 
made to sec if any correlation could be demonstrated be- 
tween alcohol content and changes in the electrolytes. 

It was found that during the period of intoxication 
there was a marked retention of the urine potassium, 
which was reflected in an increase of the plasma potas- 
sium concentration. To a lesser degree there was a re- 
tention of sodium chloride and water. An increase in 
plasma volume and in body w'eight was also noted. No 
constant change was found in the blood sugar ; there was, 
however, a slight decrease in the carbon dioxide content 
and an increase in lactic acid. 

From these data it is concluded that in acute alcoholism 
in man there is an increase in the circulating blood vol- 
ume. Since the increase in the plasma potassium concen- 
tration is not great enough to explain the total potassium 
retained, it would appear that the intracellular fluid is 
also increased. It is suggested that some of the sequellae 
of alcoholic intoxication arc due to an excess of potas- 
sium. 

The Effect of Certain Specific Dietary Factors on the 

Circulation in Patients zvith Heart Disease. By Sam- 
uel H. Proger and (by invitation) Heinz Macen- 

DANTZ, Boston, Mass. 

In the past we have reported the results of observa- 
tions on the effects of general dietary restriction on the 
circulation in patients with heart failure. On such a 
regime there is a disturbance of balance in sodium, nitro- 
gen and water. This report deals with an attempt to 
isolate the effects of these three factors. The results in 
general have been as follows : 

(1) There is under certain circumstances a definite re- 
lationship between water and oxygen metabolism, the 
basal metabolic rate falling as the 24-hour level of water - 
exchange is decreased and vice versa. While there is at 
times evidence that fluid restriction may have beneficial 
effects on the circulation, large quantities do not appear 
to alter significantly the dynamics of the circulation. 

(2) When other factors are controlled, a reduction of 
protein intake with the development of a negative nitro- 
gen balance is associated with a lowering of the basal 
metabolic rate. This is not constant, and changes in 
nitrogen balance produce relatively little effect on the 
state of the circulation of patients with cardiac insuffi- 
ciency. 

(3) After heart failure seems well overcome and a 
steady state established, a total of 16 grams of sodium 
chloride in the diet with a retention of 4 to 6 grams 
daily will, in two to four days, produce striking evidence 
of heart failure as manifested by increased venous pres- 
sure, diminished vital capacity, increased heart rate, ele- 
vated blood pressure, enlargement of the liver and edema. 
The effect upon the liver appears disproportionately great. 

The sodium retention in these experiments is of about 
the same magnitude as in the acute infections and may 
act in the latter state as an important contributing factor 
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in the precipitation of heart failure in patients with or- 
ganic disease. 

j 

The Development of Pellagra in Certain Persons Eating 
a Well-Balanced Diet. By Tom D, Spies, Cincinnati, 
Ohio, and (by invitation) Austin B. Chinn, Wash- 
ington, D. C. 

Three selected recurrent pellagrins were admitted to 
the Tennessee Coal, Iron and Railway Hospital of 
Ensley, Alabama, and given a diet rich in pellagra-pre- 
ventive foods and calculated to meet basal energy re- 
quirements. Despite the fact that each patient was in 
good health at the time of admission and was observed 
to have eaten the required amount of the prescribed diet 
at each meal, he developed symptoms of pellagra within 
a month. These symptoms disappeared after the diet 
was increased in amount and supplemented with large 
amounts of powdered brewers’ yeast. 

The findings of this study in no way contradict the 
statement that pellagra is a dietary deficiency disease, but 
do point out that an occasional person at least, probably 
because he is unable to utilize properly the essential sub- 
stances present in food, is not protected by a diet which 
prevents other people from developing pellagra. 

Effect of Pleasant and Unpleasant Mental Content upon 
the Respiratory Tracing (Spirogram) in Psychoneu- 
rotic Patients. By Jacob E. Finesinger (by invita- 
tion) and Stanley Cobb, Boston, Mass. 

Respiratory records were made by means of a Bene- 
dict-Roth metabolic apparatus on a series of nineteen 
psychoneurotic patients of various types, and upon a con- 
trol series of six subjects, all of whom were under basal 
conditions. The patients were interviewed and were 
asked to express any ideas that came up in mind when 
they were told to think about pleasant and about un- 
pleasant ideas. After the initial interview a six minute 
record of the respiration was made during which time no 
suggestions were made (the so-called control period). 
This was followed by a six minute period during which 
time the patient was told “think of pleasant ideas,” or 
“ let pleasant ideas come into your head.” This was fol- 
lowed by a six minute period during which the patient 
was told to think unpleasant ideas. The “unpleasant 
period” was followed by another six minute period of 
pleasant ideas. The second period of pleasant ideas was 
followed by a six piinute period during which the pa- 
tient was told “just relax.” The suggestions were given 
at intervals of from thirty to sixty seconds. After the 
experiment the patient was interviewed in an attempt to 
find out precisely what ideas were present during the 
various periods. 

The respiratory rate, depth of inspiration and expira- 
tion, total ventilation per minute, o.xj'gen consumption 
and the tj-pe of breathing, all were noted. In fourteen 
of the psychoneurotic patients, pleasant ideas were as- 
sociated with a decrease in rate of respiration, a decrease 
in amplitude, a decrease in the total minute ventilation, 
and a marked tendency toward rounding of the spiro- 


gram at the end of the expiration phase. During the 
period of unpleasant ideas in fourteen of these patients 
there was an increase in the respiratory rate, an increase 
in total ventilation, and a marked tendency to the forma- 
tion of more acute angles on the spirogram at the end of 
the expiration. During the relaxed period the tj’pe of 
respiratory curve approximated that of the pleasant 
period. There was no marked change in oxygen con- 
sumption during any of the periods. 

In five of the patients no changes were observed. In 
three of these patients, the report during the interview 
was an inability to “ let pleasant ideas come into mind.” 
Four of the control cases showed similar changes in the 
same general direction as that of the psychoneurotic pa- 
tients, but not nearly so marked. 

Arteritis of the Temporal Vessels. By Bayard T. Hor- 
ton and (by invitation) Thomas B. Magath, Ro- 
chester, Minn. 

<• This report presents a new clinical syndrome, the eti- 
ology of which is still obscure. Arteritis of the tempo- 
ral vessels is a nonfatal disease which is characterized 
by periarteritis and arteritis of the temporal vessels, with 
painful tender areas over the scalp. It is accompanied 
by headache, general malaise and lassitude, weakness, 
fever, night sweats, anorexia, loss of weight, anemia, 
and mild leukocytosis. Seven patients, aged fifty-five, 
sixty-eight, sixty-nine, seventy-five, seventy-two, sixty- 
five, and sixty-eight years respectively were studied. 
Segments of the temporal arteries of five of the seven 
patients were resected for microscopic study, cultures, 
and inoculation into animals. Each patient made a satis- 
factory recovery. The microscopic appearance of the 
arteries and bacteriological studies will be reported in 
detail. Reports of similar cases have not been noted in 
the literature. 

The Effect of the Administration of Bile on the Be- 
havior of Peptic Ulcer. By Edward S. Esiery, Jr,, 
and (by invitation) Maurice A. Schnitker, Boston, 
Mass. 

The successful production of experimental ulcers in 
dogs by the Mann-Williamson type of operation was 
originally explained by a resulting lack of sufficient 
gastric neutralization. However, numerous facts justify 
some skepticism about this explanation, and suggest the 
possibility of a deficiency being the real cause. Recently 
Ivy has succeeded in preventing the development of ulcers 
in his animals by a special diet which includes the feed- 
ing of pancreas. We chose to study the effect of giving 
bile to patients with ulcer because many observers h.ivc 
reported a higher incidence of ulcers in animals dcprivcfl 
of bile than of pancreatic juice. A specially prepared 
dcssicated bile was given to 40 patients over periods as 
long as two years. 

The results were such as to exclude bile as a specific 
treatment for the disease. However, many of tl-.c pa- 
tients obtained definite relief, and of 27 who had sea- 
sonal attadrs 18 were kept symptomlcss. Observations 
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tancously with the improvement of respiratory distress or 
change of periodic breathing to a regular rhythm. Amyl 
nitrite and nitroglycerine, on the other hand, increase the 
intrathecal and venous pressures and do not alter the 
respirations. 

Bronchial obstruction may be relieved, if it is present, 
as evidenced by the increase in vital capacity and sub- 
jective relief when the drug is administered to patients 
during an acute attack of bronchial asthma of allergic 
etiology. 

Studies on the Anemia of Chronic Glomerulonephritis 
and Its Relationship to Gastric Acidity. By S. R. 
Townsend, E. Massie and R. H. Lyons (introduced 
by J. P. O'Harc), Boston, Mass. 

Forty-eight eases of chronic glomerulonephritis were 
studied in relation to the anemia, degree of nitrogen re- 
tention and gastric acidity. In addition, histological stud- 
ies were made of rib marrow and sections of stomach in 
thirty-one cases of glomerulonephritis. 

The result of our observations indicate that the anemia 
was of the normocytic type, the red cell being normal in 
size with the hemoglobin content of the cell slightly de- 
creased. The anemia became manifest with the develop- 
ment of renal insufficiency and increased with the degree 
of nitrogen retention. As the anemia, renal insufficiency 
and retention of nitrogen became more marked, gastric 
acidity was found diminished. Absolute achlorhydria 
was discovered when acidosis became evident and the 
blood CO 2 content fell below thirty volumes per cent. 

Our investigations, along with those of others, lead us 
to feel that the diminished to absent gastric acidity plays 
an important role in the improper digestion and absorp- 
tion of ingested food and iron and can account, in part at 
least, for the persistence of the anemia and its lack of 
response to therapy. 

Studies of the bone marrow do not support the common 
theory of lack of active blood-forming tissue as the eti- 
ological factor in the production of the anemia since the 
postmortem rib marrow is in a normal or hyperplastic 
state. Studies of sections of stomach did not reveal any 
histopathological explanation for a diminution of the 
gastric acidity, although many cases died in acidosis and 
uremia. 

The Effect of Alcohol on the Water ami Electrolyte Bal- 
ances in Man. By Wiixiam M. Nicholson and Hay- 
wood M. Taylor (introduced by D, T. Smith), Dur- 
ham, N. C. 

The effects of alcohol on the electrolytes and water 
balances have been studied in normal, healthy, adult male 
volunteers. The subjects were placed on a constant diet, 
aliquots of which were analyzed for their sodium, potas- 
sium, chloride, nitrogen and water contents. The day 
was divided into eight hour periods. Urine and stool col- 
lections were made for these periods. At the end of 
three days on the diet the subjects were given alcohol in 
sufficient quantities to produce intoxication. 

The sodium, potassium, chloride, and nitrogen content 
of the urine was determined, and complete electrolyte 


studies were carried out upon the blood. Plasma vol- 
umes were estimated by the dye method of Gregersen. 
Estimations of the alcohol content of the blood were 
made to sec if any correlation could be demonstrated be- 
tween alcohol content and changes in the electrolytes. 

It was found that during the period of into.xication 
there was a marked retention of the urine potassium, 
which was reflected in an increase of the plasma potas- 
sium concentration. To a lesser degree there was a re- 
tention of sodium chloride and water. An increase in 
plasma volume and in body weight was also noted. No 
constant change was found in the blood sugar ; there was, 
however, a slight decrease in the carbon dioxide content 
and an increase in lactic acid. 

From these data it is concluded that in acute alcoholism 
in man there is an increase in the circulating blood vol- 
ume. Since the increase in the plasma potassium concen- 
tration is not great enough to explain the total potassium 
retained, it would appear that the intracellular fluid is 
also increased. It is suggested that some of the sequeliae 
of alcoholic intoxication are due to an excess of potas- 
sium. 

The Effect of Certain Specific Dietary Factors on the 
Circulation in Patients zvith Heart Disease, By Sam- 
uel H. Proger and (by invitation) Heinz Magen- 
dantz, Boston, Mass. 

In the past wc have reported the results of observa- 
tions on the effects of general dietary restriction on the 
circulation in patients with heart failure. On such a 
regime there is a disturbance of balance in sodium, nitro- 
gen and water. This report deals with an attempt to 
isolate the effects of these three factors. The results in 
general have been as follows : 

( 1 ) There is under certain circumstances a definite re- 
lationship between water and oxygen metabolism, the 
basal metabolic rate falling as the 24-hour level of water 
exchange is decreased and vice versa. While there is at 
times evidence that fluid restriction may have beneficial 
effects on the circulation, large quantities do not appear 
to alter significantly the dynamics of the circulation. 

(2) When other factors are controlled, a reduction of 
protein intake with the development of a negative nitro- 
gen balance is associated with a lowering of the basal 
metabolic rate. This is not constant, and changes in 
nitrogen balance produce relatively little effect on the 
state of the circulation of patients with cardiac insuffi- 
ciency. 

(3) After heart failure seems well overcome and a 
steady state established, a total of 16 grams of sodium 
chloride in the diet with a retention of 4 to 6 grams 
daily will, in two to four days, produce striking evidence 
of heart failure as manifested by increased venous pres- 
sure, diminished vital capacity, increased heart rate, ele- 
vated blood pressure, enlargement of the liver and edema. 
The effect upon the liver appears disproportionately great. 

The sodium retention in these experiments is of about 
the same magnitude as in the acute infections and may 
act in the latter state as an important contributing factor 
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in the precipitation of heart failure in patients with or- 
ganic disease. 

t ' 

The DcvcIot>mcnt of Pellagra in Certain Persons Eating 
a Well-Balanced Diet. By Tom D. Spies, Cincinnati, 
Ohio, and (by invitation) Austin B. Chinn, Wash- 
ington, D. C. 

Three selected recurrent pellagrins were admitted to 
the Tennessee Coal, Iron and Railway Hospital of 
Enslc 3 ', Alabama, and given a diet rich in pellagra-pre- 
ventive foods and calculated to meet basal energy re- 
quirements. Despite the fact that each patient was in 
good health at the time of admission and was observed 
to have eaten the required amount of the prescribed diet 
at each meal, he developed symptoms of pellagra within 
a month. These S 3 ’mptoms disappeared after the diet 
was increased in amount and supplemented with large 
amounts of powdered brewers’ yeast. 

The findings of this study in no way contradict the 
statement that pellagra is a dietary deficiency disease, but 
do point out that an occasional person at least, probably 
because he is unable to utilize properly the essential sub- 
stances present in food, is not protected by a diet which 
prevents other people from developing pellagra. 

Effect of Pleasant and Unpleasant Mental Content upon 
the Respiratory Tracing (Spirogram) in Psychoncu- 
rotic Patients. By Jacob E. Finesinger (by invita- 
tion) and Stanley Cobb, Boston, Mass. 

Respiratory records were made by means of a Bene- 
dict-Roth metabolic apparatus on a series of nineteen 
ps 3 'choneurottc patients of various types, and upon a con- 
trol series of six subjects, all of whom were under basal 
conditions. The patients were interviewed and were 
asked to express any ideas that came up in mind when 
they were told to think about pleasant and about un- 
pleasant ideas. After the initial interview a six minute 
record of the respiration was made during which time no 
suggestions were made (the so-called control period). 
This was followed by a six minute period during which 
time the patient was told “ think of pleasant ideas, or 
“ let pleasant ideas come into your head.’ This was fol- 
lowed by a six minute period during which the patient 
was told to think unpleasant ideas. The ‘ unpleasant 
period” was followed by another six minute period of 
pleasant ideas. The second period of pleasant ideas was 
followed by a six piinute period during which the pa- 
tient was told “just relax.” The suggestions were given 
at intervals of from thirty to sixty seconds. After the 
experiment the patient was interviewed in an attempt to 
find out precisely what ideas were present during the 
various periods. 

The respiratory rate, depth of inspiration and expira- 
tion, total ventilation per minute, oxygen consumption 
and the type of breathing, all were noted. In fourteen 
of the psychoneurotic patients, pleasant ideas w'cre as- 
sociated with a decrease in rate of respiration, a drcrease 
in amplitude, a decrease in the total minute v^tilat.on, 
and a marked tendency toward rounding of the spiro- 


gram at the end of the expiration phase. During the 
period of unpleasant ideas in fourteen of these patients 
there was an increase in the respiratory rate, an increase 
in total ventilation, and a marked tendency to the forma- 
tion of more acute angles on the spirogram at the end of 
the expiration. During the relaxed period the type of 
respiratory curve approximated that of the pleasant 
period. There was no marked change in oxygen con- 
sumption during any of the periods. 

In five of the patients no changes were observed. In 
three of these patients, the report during the interview 
was an inability to “ let pleasant ideas come into mind.” 
Four of the control cases showed similar changes in the 
same general direction as that of the psychoneurotic pa- 
tients, but not nearly so marked. 

Arteritis of the Temporal Vessels. By Bayard T. Hor- 
ton and (by invitation) Thomas B. Magath, Ro- 
chester, Minn. 

> This report presents a new clinical syndrome, the eti- 
ology of which is still obscure. Arteritis of the tempo- 
ral vessels is a nonfatal disease which is characterized 
by periarteritis and arteritis of the temporal vessels, with 
painful tender areas over the scalp. It is accompanied 
by headache, general malaise and lassitude, weakness, 
fever, night sweats, anorexia, loss of weight, anemia, 
and mild leukocytosis. Seven patients, aged fifty-five, 
sixty-eight, sixty-nine, seventy-five, seventy-two, sixty- 
five, and sixty-eight years respectively were studied. 
Segments of the temporal arteries of five of the seven 
patients were resected for microscopic study, cultures, 
and inoculation into animals. Each patient made a satis- 
factory recovery. The microscopic appearance of the 
arteries and bacteriological studies will be reported in 
detail. Reports of similar cases have not been noted in 
the literature. 

The Effect of the Administration of Bile on the Be- 
havior of Peptic Ulcer. By Edward S. Emery, Jr., 
and (by invitation) Maurice A. Schnitker, Boston, 
Mass. 

The successful production of experimental ulcers in 
dogs by the Mann-Williamson type of operation was 
originally explained by a resulting lack of sufficient 
gastric neutralization. However, numerous facts justify 
some skepticism about this c.xplanation, and suggest the 
possibility of a deficiency being the real cause. Recently 
Ivy has succeeded in preventing the development of ulcers 
in his animals by a special diet which includes the feed- 
ing of pancreas. We chose to study the effect of giving 
bile to patients with ulcer because many observers have 
reported a higher incidence of ulcers in animals deprived 
of bile than of pancreatic juice. A specially prepared 
dessicated bile was given to 40 patients over periods as 
long as two 3 -ears. 

The results were such as to exclude bile as a specific 
treatment for the disease. However, many of the pa- 
tients obtained definite relief, and of 27 who had sea- 
sonal attacks 18 were kept symptomlcss. Observations 
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on these patients suggest that bile has a beneficial effect 
wbich does not seem readily explicable by a lowering of 
gastric acidity. 

The Use of Ergoiiovhte hi Migraine, By Wii-UAM G. 

Lennox, Boston, Mass. 

Ergonovinc is the recently isolated alkaloid of ergot. 
Its effect in aborting hcadacbcs of tbc migraine type has 
been tested in a large group of patients. Injection of 
ergonovinc is less effective tban ergotaminc tartrate in 
stopping individual headaches, but is preferred by some 
patients because its use is followed by less nausea and 
vomiting. The action of the two drugs on blood pres- 
sure, pulse and blood gases has been studied and com- 
pared. 

A Study of the Bactericidal Properties of the Synovial 

Fluid and Blood of Patients with Gonococcal Arthritis. 

By Wesley W . Spink (by invitation) and Chester 

S. Keefer, Boston, Mass. 

For several years we have been studying the various 
properties of the synovial fluid obtained from patients 
with gonococcal arthritis. It was pointed out several 
years ago that bacteriological study of samples of syn- 
ovial fluid from patients with this type of arthritis failed 
to demonstrate the presence of gonococci in all cases. To 
determine whether this might be explained in part by 
differences in the bactericidal activity of the synovial 
fluid, the following investigation was carried out. 
Bactericidal tests were done on the blood and synovial 
fluid of a group of patients with gonococcal arthritis; 
4 had infected fluids and 10 were uninfected. Four 
other specimens of synovial fluid which were obtained 
from other types of arthritis were studied and used as 
controls. 

It was found that when the fluids were infected there 
was a wide difference in the bactericidal power of the 
synovial fluid and whole blood. When the fluid was 
sterile the bactericidal content of the blood and synovial 
fluid was the same. 

The complement titer of the synovial fluid was found 
to be the same or slightly lower than that of the blood, 
and the bactericidal action was abolished by heating at 
56° C. for 2 hours. The bactericidal action of synovial 
fluid could be enhanced by the addition of antigonococcal 
immune serum. 

The evidence so far indicates that the difference be- 
tween infected and sterile samples of synovial fluid from 
patients with gonococcal arthritis is due in part to the 
presence of antibodies in those which are sterile and 
their absence in those which are infected. An investiga- 
tion of other factors is being pursued at present. 

Bacterial Type Transformation. By Hobart A. Rei- 

MANN, Philadelphia, Pa. 

A strain of M. tctragemis isolated from the blood of a 
patient with purulent arthritis and meningitis produced 
typical white colonies on agar. In a study of the 
microbic dissociation of the organism over a period of 


two years, four major variant forms of the original 
“White” form were isolated. The variant colonies 
were characterized by distinctive pigments and were 
called pink, yellow, pink-yellow and brown. Since each 
of the variants were immunologically specific, and since 
the component M, S and R culture phases of each of 
these variants were subsequently isolated, they were re- 
garded as specific types. Spontaneous transformation 
from one type into another in broth, on agar or in viva 
in mice was frequently noted. 

Further studies of the characteristics of differential 
growth of the five types indicated that the S form of 
the white type, originally isolated from the patient, was 
peculiarly fitted to survive in vivo as regards optimal 
growth in certain ranges of temperature and pH con- 
centration in vitro. This observation suggested that in 
the process of bacterial variation of certain so-called 
saprophytes, variant types w’hich arc especially endowed 
with capabilities to exist in vivo under certain condi- 
tions, may appear spontaneously. Such variant types 
may be regarded as possessing potential “ virulence.” 
Further observations and evidence that a similar phe- 
nomenon occurs among other bacteria will throw con- 
siderable light on certain obscure problems of the origin 
of epidemic diseases and on the problem of virulence. 

Further Observations on Anti-N cutrophilic Scrum. By 
John S. Lawrence and (by invitation) William B. 
Cheiv, Rochester, N. Y. 

Guinea pigs injected with antineutrophilic serum have 
been treated, while the action of the antiseum was at its 
height, with substances which, under normal conditions, 
produce distinct changes in the white blood cell picture. 
Adrenalin subcutaneously, sodium bicarbonate solution 
intraperitoneally and a broth culture of B. coli intra- 
peritoneally have been used. Adrenalin given to normal 
guinea pigs produced at 2 to 3 hours a neutrophilic leuko- 
cytosis with little or no change in the lymphocytes. 
Sodium bicarbonate resulted in a neutrophilic leukocyto- 
sis with lymphopenia at 6 hours; and the broth culture 
of B. coli produced at 6 hours lymphopenia without 
neutrophilic leukocytosis, but at 12 hours neutrophilic 
leukocytosis with lymphopenia, and at 24 hours neutro- 
philic leukocytosis with a normal lymphocyte level. 

The results obtained with animals in whom the neutro- 
phils were absent from the blood due to antiserum show 
that exactly the same response to these substances is ob- 
tained on the part of the lymphocytes as in normal ani- 
mals. In other words, the curve for the lymphocytes, 
under the condition of these experiments, is independent 
of the response on the part of the neutrophils. Our 
data, also, indicate a similar response on the part of the 
other white blood cells. 

Om the Prolonged Coagulation Time Subsequent to Ana- 
phylactic Shock. By Harry Eagle, Baltimore, Md., 
and (by invitation) C. G. Johnston and I. S. Ravdin, 
Philadelphia, Pa. 

The retarded coagulation observed in rabbits and dogs 
immediately after anaphylactic shock is regularly asso- 
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ciated with tlie presence of increased amounts of anti- 
thrombin in the blood. The increased antithrombic ac- 
tivity may be as much as one hundred times the normal 
level. 

The fibrinogen content of the plasma is unaffected ; for 
the reasons cited in the text, there is reason to believe 
that even the plasmas completely non-coagulable by cal- 
cium and tissue extract nevertheless contain sufficient 
prothrombin to effect coagulation ; and although the 
platelet count is usually decreased after anaphylactic 
shock, the amount remaining would ordinarily suffice to 
cause coagulation within approximately normal time 
limits. 

The increased antithrombic activity of the blood after 
anaphylactic shock is apparently the primary cause of 
the observed retardation of coagulation. 

Scarlet Fever Immunicalion by hitracutaneous Injection 
of Scarlatinal Streptococcus Toxin. By Richard A. 
Kern, and (by invitation) Jean Crump and Rudolph 
L. Roddy, Philadelphia, Pa. 

In brief, the work grew out of some earlier work in 
our clinic with diphtheria immunization by the intra- 
cutaneous route. Subcutaneous immunization against 
scarlet fever has been attended by severe local and con- 
stitutional reactions in many instances. This has been 
particularly true among allergic individuals, so that the 
prophylactic treatment may be worse than the disease. 
The intracutaneous injection of immunizing material in 
one-tenth of the subcutaneous dose results in a negative 
Dick test, as a rule, after four or five injections. There 
is never a severe local reaction and we have never seen 
a single constitutional reaction with fever. We have 
given over 500 injections to over 100 patients. 

The Effect of Increased Cardiac Output in Mitral 
Stenosis and Aortic Insufficiency. By Emmet B. Bay 
(introduced by C. Phillip Miller), Chicago, 111. 

Formulas for the calculation of the work of the ap- 
propriate part of the heart in the presence of the valvular 
lesions noted were tested on a model of the circulation. 

In mitral stenosis; 

Vs? Vs? 

Left auricular work — Vp 1- n , 

2ff 2g 

where V is output per beat, p is diastolic intraventricular 
pressure, v is velocity, g is the force of gravity, and n is 
a constant for a given stenosis. Doubling the cardiac 
output per minute requires a relatively large increase in 
the work of the left auricle since it results in a greater 
velocity, a factor which is squared in the formula. 
Doubling the heart rate requires more work to overcome 
the stenosis than doubling the output per beat. 

In aortic insufficiency : 

Left ventricular work = (F -f X'lp, 
where V is net output per beat. A” is the amount re- 


gurgitated and p is mean systolic intraventricular pres- 
sure. X bears a fairly direct relationship to the duration 
of diastole in a given insufficiency. Doubling the net 
output per minute requires a relatively small increase in 
the work of the left ventricle and may require less than 
with a normal output when the increased output is ob- 
tained by doubling the rate. 

These calculations may give a clue to the reason for 
the clinical impression that patients with mitral stenosis 
recover more readily from myocardial insufficiency than 
do patients with aortic insufficiency. They do not permit 
an estimate of the cost of the work required. 

Venous Pressures, Cardiac Output and Blood Volume in 
Arteriovenous Fistula. By C. Sidney Burwell and 
(by invitation) J. Allen Kennedy, Boston, Mass. 

This report deals with the dynamics of the circulation 
in a young man with an arteriovenous fistula in his fore- 
arm. It deals particularly with the venous blood pres- 
sures, the total blood volume and the cardiac output: 
aspects of the circulation concerning which little is 
known relating to human subjects. 

The venous pressure was increased near the fistula and 
at all points measured between the fistula and the heart. 
The venous pressure in the other limbs was not elevated. 

It was necessary to test the validity in this patient of 
the method used for the determination of the cardiac 
output. To this end measurement was made of the 
“recirculation time,” i.e., the period required for blood 
to travel from the pulmonary capillaries to the fistula in 
the forearm, pass through the abnormal connection and 
return by way of the veins and right heart to the lung. 
The period was divided into the “ vein-to-lung time ” and 
the “ lung-to-vein time." The former was determined 
by the ether method of Hitzig, the latter was estimated 
by the time required for inhaled carbon mono.xidc to 
reach the vein adjacent to the fistula. Carbon monoxide 
hemoglobin was recognized by means of a specific light 
filter and a photo-electric cell. It was possible to get 
checks with the three sample acetylene method within the 
time limits thus established. 

The cardiac outputs thus determined were elevated. 
When the fistula was closed by a blood pressure cuff on 
the arm, the output was within the usual limits; after 
operation it gradually approached the same level. 

The total blood volume was determined by the method 
of Gregersen, Gibson and Stead, ^ using the blue azo dye, 
T-1824, and spcctrophotomctric analysis. The volume 
was elevated when the fistula was widely open, and ap- 
proached the calculated normal after surgical treatment 
of the arteriovenous connection. The variations in 
cardiac output occurred at the same time and in the same 
direction as those in total blood volume. 


^ Gregersen, Magnus I., Gibson, J. J., and Stead, E. A., 
Am. J. Physiol., 1935, 113, 54. 
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VasocouslriclioH as a. Rcs{>o)isc lo Increased Venous 
Pressure.'^ By William A. Soukman and Geougf, E. 

Buucii (by invitation), and Roy H. Tuuneu, New 

Orleans, La. 

Volumetric changes in the finger tip were studied with 
the use of a sensitive syphygmoplcthysmograph. Im- 
mediately proximal to a plcthysmographic cup an occlud- 
ing air cuff was loosely wrapped so as not to produce any 
constriction when deflated. The cuff was connected to a 
pressure reservoir and manometer so that any desired 
pressure might be suddenly applied and the resulting vol- 
ume changes in the finger tip noted. Thirteen normal 
subjects, 10 patients with diastolic hypertension and one 
patient with acrocyanosis were studied under controlled 
atmospheric conditions. They were seated comfortably 
with the arm resting passively upon a support with the 
finger tip at heart level, 30 minutes being allowed to reach 
a steady metabolic state. Reactions were then noted for 
obstructing pressures varying from 5 mm. Hg to diastolic 
pressure and maintained for 15 to 120 seconds, an inter- 
val exceeding the time of obstruction being allowed for 
recovery between each observation. 

In the normal subjects, for cuff pressures up to a defi- 
nite critical level, varying in different individuals from 
15 to 40 mm. Hg, there was a sudden increase in finger 
tip volume, reaching a maximum within 5 to 10 seconds 
after occlusion and followed by a gradual diminution in 
volume reaching to or below the original level within one 
minute (Response A). Release of cuff pressure at that 
time always resulted in a further diminution in volume, 
usually greater than the reduction occurring before pres- 
sure release. But when cuff pressures above this critical 
level were applied only swelling occurred, that is until 
pressure was released (Response B). 

In the 10 patients with diastolic hypertension the re- 
sponses were similar, and the levels at which the reaction 
changed varied from 7.5 to 60 mm. Hg. No differences 
were noted between the red and pale hypertension of 
Volhard. In a patient with acrocyanosis with arteriolar 
constriction and dilatation of the non-arterial vessels, a 
response only of Type B was observed. 

The gain in volume of the finger tip immediately fol- 
lowing application of pressure in the obstructing cuff is 
probably due mainly to distension of small veins, venules 
and capillaries, and loss of volume which followed under 
proper conditions is probably due to active constriction of 
these same vessels. The critical pressure at which the 
type of response changes is an index of tone of the ves- 
sels responsible for the volume change. The mechanism 
of the response is not known, but it is likely that it is 
initiated by intravascular tension. 


^ Aided by grants from the Josiah Macy, Jr., Founda- 
tion, the David Trautman Schwartz Research Fund and 
the American Medical Association. 


A Rare Form of Pararrhylhnm u’illt "Exit" Block Oc- 
curring in a Patient xvith Multiple Ectopic Pacemakers. 
By L. N. Katz and (by invitation) J. L. Eschel- 
DAciiER, S. Strauss, S. H. Robertson and H. Eins- 
W'ANGER, Chicago, III. 

This patient has shown multiple ventricular and auricu- 
lar premature systoles for years, together with attacks of 
paroxysmal supraventricular and ventricular tachycardia 
and periods of bradycardia. A large number of electro- 
cardiograms had been taken. On three occasions electro- 
cardiograms were obtained sufficiently long for analysis, 
and on analysis it could be shown that each of the various 
ectopic pacemakers was discharging at time intervals 
which were multiples of a common divisor distinct for 
each pacemaker. It is therefore possible that they repre- 
aented instances of pararrhythmia not only with inter- 
ference dissociation and “ entrance ” block, but also with 
" exit ” block. On one occasion a record was obtained 
with only one active auricular ectopic pacemaker compet- 
ing with the sinus node for control of the heart. The 
“ exit ” block was marked. The sinus node was kept dis- 
charged whenever the ectopic rhythm was active, and the 
sinus node took control only when the “ exit ” block in- 
creased and prevented the ectopic pacemaker from main- 
taining control. We have not seen such a mechanism 
reported in the literature. It offers unusually convincing 
proof of the theory of pararrhythmia with " exit ” block 
first postulated by Rothberger and Kaufmann. 

The Effect of Digitalis on the Ancstheiiaed Dog. By L. 
N. Katz and (by invitation) S. Rodbard, M. Friend 
and W. Rottersman, Chicago, 111. 

In a scries of acute experiments on anesthetized dogs 
with arterial blood pressure within normal limits, digitalis 
given intravenously in therapeutic doses (0.34 cat unit per 
kgm. as Digifoline, Ciba) elevates the arterial and portal 
pressures, lowers the venous pressure, and decreases the 
venous return flow to the heart. Our experiments indi- 
cate that these digitalis actions are due in part to periphe- 
ral vasoconstriction and in part to a constrictor action 
on the blood vessels of the liver. The result is a reduc- 
tion in venous return and therefore in the minute volume 
output of the heart. These effects persist but are less in 
degree when the portal blood is shunted directly to the 
vena cava without passing through the liver. 

In anesthetized dogs with arterial blood pressures at 
shock level, results are the same as above except that the 
venous return flow to the heart is increased. These ef- 
fects also persist when the portal blood is diverted from 
the liver. The major effect of digitalis at low blood 
pressure appears to be the result of vasoconstriction im- 
proving the deficient coronary circulation by elevating 
the .arterial blood pressure. In this way the heart action 
is benefited and the minute volume output of the heart is 
increased. The reduction in venous pressure load on the 
right heart would enhance this action. 

While the experiments reported by us have not ruled 
out an action of digitalis directly on the heart muscle, 
they show that such a possible action need not be in- 
voked to explain our observations. 
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The Electrocardiogram in Air and Fat Embolism. By 
Thomas M. Durant (introduced by Charles L. 
Brown), Philadelphia, Pa. 

A series of experiments was carried out, using the dog 
as the experimental animal, to determine the type and 
origin of electrocardiographic changes associated with 
air and fat embolism originating in the systemic venous 
circulation. The electrocardiographic changes obtained 
were of an extreme type and were remarkable for their 
constancy in all experiments regardless of whether air 
or fat was the embolic substance. These changes con- 
sisted in very marked lowering of the S-T segment in 
Leads II and III, without appreciable change in Lead I, 
and not associated with alteration of the QRS complex, 
corresponding with changes often seen in infarction of 
the myocardium. That these changes were not, how- 
ever, due to coronary artery embolism was proven by 
pathological study. They occurred in association with a 
marked, sudden rise in venous pressure, and, in animals 
with the thorax open, appeared synchronously with the 
onset of right ventricular dilatation. It is concluded 
from the evidence made available by these experiments 
that the electrocardiographic changes observed were those 
of acute right heart dilatation secondary to obstruction of 
the pulmonary circulation by the embolic substance. The 
similarity to S-T changes observed in cases of human 
pulmonary embolism is discussed. 

Factors Which Affect the Prognosis of Bundle Branch 

Block. By A. Carlton Ernstene, Cleveland, Ohio. 

That bundle branch block usually is associated with 
serious organic heart disease is a matter of common 
knowledge. It is not so generally recognized, however, 
that the prognosis in patients with this type of electro- 
cardiographic abnormality is determined by the cardio- 
vascular symptoms and signs, which are so often present, 
rather than by the bundle branch block itself. In the ab- 
sence of congestive failure or of the anginal syndrome, 
bundle branch block is not incompatible with several 
years of life. 

In a series of 66 consecutive cases of bundle branch 
block, there were 7 patients in whom the abnormality is 
known to have been present for two to ten years and in 
whom significant symptoms referable to the heart have 
not developed. Six other patients have had bundle 
branch block for at least one year and have remained free 
from symptoms. The case records of these patients have 
been analyzed, and a comparison has been made with the 
clinical findings in the patients who have died or who 
are still living but are experiencing cardiovascular symp- 
toms. 

Systolic Gallop Rhythm. By Franklin D. Johnston, 

Ann Arbor, Mich. 

Twenty-one patients displaying on auscultation extra 
sounds in cardiac systole have been studied by the com- 
monly used clinical methods and by means of sound trac- 
ings taken simultaneously with the electrocardiogram. 

The clinical data obtained confirms the opinions of 


previous investigators that, first, systolic clicks usually 
occur in individuals who show no evidence of organic 
heart disease and that they therefore have no unfavorable 
prognostic significance, and second, that their sole clinical 
importance lies in the possibility that they may be mis- 
taken for the more common diastolic gallop sounds. 

Measurements made from a fixed point of the accom- 
panying electrocardiogram show that, with few excep- 
tions, the position of the extra sound from cycle to cycle 
is much more variable than is the onset of the second 
heart sound. 

Although the exact cause for systolic clicks remains 
obscure we believe that their clinical characteristics and 
the results of the measurements indicate that while they 
are intimately associated with movements of the heart 
within the chest they are not intracardiac in the sense 
that they are due to pressure changes within the cavities 
of the heart or the aorta. 

The Sedimentation Rate in Angina Pectoris and Coro- 
nary Thrombosis. By Joseph “"E. F. Riseman and 
Morton G. Brown (introduced by Samuel L. Gargill), 
Boston, Mass. 

The corrected sedimentation index was studied in 
thirty-seven cases of coronary thrombosis, fifty-five pa- 
tients with angina pectoris, and twenty-one apparently 
normal persons of similar age. 

It was evident that individuals between the ages of 45 
and 70, without any evidence of disease, may have a cor- 
rected sedimentation index slightly higher (up to 0.70) 
than the accepted normal for young adults. 

Over half of the patients with angina pectoris had a 
moderate elevation of the sedimentation index (0.73 to 
1.38). There is reason to believe that attacks of angina 
pectoris occasionally result in myocardial damage. 

Two-thirds of the cases of coronary thrombosis had 
rates considerably greater than that seen in any patients 
with angina pectoris; in the remaining third, the values 
were above 0.1 mm. The fastest rates were observed be- 
tween the fourth and twelfth days after the onset of 
symptoms of coronary occlusion. Measurement of the 
sedimentation rate is of value in differentiating between 
angina pectoris and coronary occlusion. The sedimenta- 
tion rate is of little or no aid in predicting the immediate 
outcome of the acute attack. The mortality of patients 
discharged from the hospital with fast rates, however, 
was twice as great during the first year after discharge 
as that of patients discharged with low or normal rates. 
Since the sedimentation rate signifies tissue damage, it is 
advisable to continue bed rest until the rate cither returns 
to normal or shows no further progression towards nor- 
mal. 

A Clinical Study of the Action of Commonly Used 
Drugs on the Heart and Circulation. By C. J. Gamru:, 
Isaac Starr and (bj* invitation) A. MARrx>i.irA, J. S. 
Donal, Jr., N. Joseph and E. Eaclt., Philadelphia, Pa. 

The subjects consisted of about 100 p,aticnts suffering 
chiefly from cardiac or circulatory disease, but not from 
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congestive heart failure. As far as possible \vc studied 
the action of drugs given under the conditions in which 
physicians arc accustomed to employ them. The num- 
ber of patients receiving a single drug varied from 4 to 
14. 

The drugs investigated included digitalis, epinephrine, 
cphcdrinc, caffeine, theophylline, carbaminoylcholinc, 
sodium nitrite, nitroglycerine, pitressin, quinidinc, mor- 
phine, and strychnine. 

The study consisted of a group of estimations made 
before, during, and sometimes after, the drugs’ action. 
This group consisted of duplicate determinations of 
cardiac output and metabolic rate, and repeated estima- 
tions of pulse rate, blood pressure, respiratory rate and 
volume. Orthodiagrams and electrocardiograms were 
secured also. 

A statistical analysis of the data affords a basis for 
describing the action to be expected after the administra- 
tion of these drugs in clinical conditions. Almost with- 
out exception the results support the conceptions of drug 
action derived from animal experiments. 

The Effect of Epinephrin in Circulator^' Collapse. By 

Robert W. Wilkins (by invitation) and Soma Weiss, 

Boston, Mass. 

Nitrite collapse induced in normal subjects was used 
to test the therapeutic efficacy of epinephrin. Epinephrin 
produces elevation of the arterial pressure with essen- 
tially unchanged venous pressure both in the horizontal 
and in the upright position. As indicated by the be- 
havior of the vessels of the hand studied by plcthysmo- 
graphic methods, the arteries and arterioles become 
sharply constricted and the blood flow decreases. TJie 
venous tone, however, remains unaltered or only moder- 
ately increased. When epinephrin, in doses which pro- 
duce therapeutic or slightly toxic effects, is given soon 
after the administration of nitrites but before the ap- 
pearance of symptoms, all the manifestations of col- 
lapse and syncope develop just as soon as, if not sooner 
than in the controls, in spite of the fact that the fall of 
arterial pressure associated with nitrite collapse may be 
partially or completely prevented. In the presence of 
collapse, epinephrin augments the already existing ar- 
terial and arteriolar constriction with decreased blood 
flow but fails to produce significant constriction of the 
capillary and venous reservoirs. The venous return of 
blood to the right side of the heart is not enhanced. 
These observations indicate that the level of the arterial 
pressure is not necessarily a criterion of circulatory col- 
lapse. It is concluded that in spite of its arteriopressor 
effect, epinephrin may be harmful in certain types of 
collapse as it may further enhance tissue anoxia. 

Changes in Blood Volume in Congestive Heart Failure. 

By William A. Evans, Jr., and John G. Gibson, 2d 

(introduced by Henry A. Christian), Boston, Mass. 

Changes in plasma and total blood volume occurring in 
chronic heart disease during the transition from com- 
pensation to decompensation, and during clinical recovery 


from congestive heart failure were studied by means of 
the dye method of determining the blood volume de- 
.scribed by Gilison and Evans (J. Clin, Invest., 1937, 16, 
301). 

The change from the compensated to the decompen- 
sated state is characterized by a progressive increase in 
the volume of plasma and red blood cells. This increase 
is shared to a less extent by the plasma than by the red 
cells resulting in a slight concentration of the blood, as 
evidenced by an increase above normal levels in hemato- 
crits. The degree of elevation of blood volume above 
the average normal level, as determined in 90 individuals, 
parallels the degree of elevation of venous pressure and 
increase in circulation time above average normal values. 

During clinical recovery from congestive heart failure 
there is a diminution in both plasma and red cell volume, 
the decrease in plasma volume being at first more rapid 
than that of the red cell volume, resulting in still further 
concentration of the blood. With continued improvement 
the proportion of red cells to plasma tends to return to 
normal levels. The diminution in total volume is com- 
mensurate with the degree of clinical improvement. 

An increase in blood volume over levels obtaining dur- 
ing failure was not observed in any case studied during 
recovery from chronic congestive heart failure. Re- 
lapses to more severe degrees of circulatory failure are 
accompanied by maintained elevation of or further in- 
crease in blood volume. 

The Influence of Theophylline upon the Absorption of 

Mercurial Diuretics from the Site of Injection. By 

Arthur C. DeGraff and (by invitation) Robert A. 

Lehman and Robert C. Batterman, New York, N. Y. 

It has previously been shown that a mercurial diuretic 
containing theophylline (mcrcupurin) is capable of pro- 
ducing a greater diuresis than a simple mercurial 
(salyrgan). Furthermore, tissue destruction noted at 
the site of injection with a mercurial diuretic was for the 
most part prevented by the presence of theophylline in 
sufficient concentration in the injected solution (DeGraff, 
Nadler, and Batterman). 

In the light of these results it was thought to be of 
interest to determine quantitatively the rates of absorp- 
tion of mercurials from muscle with and without the ad- 
dition of theophylline. Experimentally, this was carried 
out by giving a series of rabbits intramuscular injections 
of mercupurin and salyrgan. The animals were killed at 
definite time intervals and the amount of mercury re- 
maining at the site of injection determined by chemical 
analysis of the muscle used. By this procedure we have 
come to the following conclusions: (1) that a mercurial 
diuretic containing theophyllin is completely absorbed one 
hour after intramuscular injection whereas a mercurial 
diuretic without theophyllin is only 25 per cent absorbed 
after the same interval; (2) that a mercurial diuretic 
without theophyllin is still only 80 per cent absorbed 
after 48 hours; and (3) that this marked difference in 
the rates of absorption of the two drugs is entirely due 
to theophyllin. 
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Prostigmin in ihc Diagnosis and Treatment of Myas- 
thenia Gravis. By Geo. D. Gammon and (by invita- 
tion) E. A. Scheie, Philadelphia, Pa. 

Relief of myasthenia gravis by eserine and prostigmin 
suggests the mechanism involved is a failure of the 
motor nerve impulse to activate the muscle fiber; de- 
ficiency of neurohumoral transmission may be involved. 
The possibility of utilizing the response to prostigmin as 
a diagnostic test of myasthenia is not widely appreciated. 
Schwab and Viets have shown cases of upper and lower 
motor neurone paralysis are not relieved by the drug. 
In this study we found that various muscular diseases 
likewise failed to respond. The cases include progres- 
sive muscular dystrophy, myotonic atrophy, family peri- 
odic paralysis, and amyotonia congenita. Thus the only 
condition so far examined which is relieved by prostig- 
min is myasthenia gravis ; hence the drug can be used to 
diagnose the disease. In the treatment of myasthenia, 
symptomatic relief may be obtained; it appears likely 
the natural course of the disease is uninfluenced. 

The Interpretation of Pathological Joint Effusions. By 
H. C. CoGGESHALL, Marian Ropes and Elsie Ross- 
MEiSL (by invitation), and Walter Bauer, Boston, 
Mass. 

The cytological, physical and chemical characteristics 
of normal bovine and human synovial fluid have been 
established. Normal human synovial fluid is more 
viscous and the concentration pf serum proteins and 
mucin are greater. Both fluids are relatively acellular. 
The predominant cells are monocytes. 

Having defined normal synovial fluid, we are in a 
better position to interpret the variations that we have 
encountered in pathological fluids obtained from patients 
with various types of joint disease. 

Edema from any cause results in a lowering of the 
total cell count, mucin and protein. Most of the pro- 
tein is albumin. 

The total cell count is increased in hypertrophic ar- 
thritis. Both total and polymorphonuclear cell counts 
are increased in traumatic effusions. The total cell and 
polymorphonuclear cell counts increase progressively 
with increasing inflammation of the synovial membrane. 

There is no absolute relationship between sugar con- 
tent and cell counts. Some of the lowest sugar values 
have been observed in rheumatoid arthritis. The total 
protein and globulin content increases with increasing 
inflammation of the synovial membrane, the highest 
values being encountered in long standing effusions of 
rheumatoid arthritis. Mucin increases are seen only in 
non-inflammatory joint diseases. 

These and similar data from rheumatoid arthritics 
with regularly recurring knee joint effusions show that 
tlie cytological and chemical variations depend on the 
severity and duration of the inflammation of the sjm- 
ovial membrane as well as on the etiology. If these 
facts and the clinical history are taken into account, ex- 


aminations of the synovial fluid are of diagnostic and 
prognostic significance. 

Calcium and Phosphorus Metabolism Studies in Rheuma- 
toid and Degenerative Arthritis. By Marian Ropes 
(by invitation), Charles L. Short and Elsie Ross- 
MEisL (by invitation), and Walter Bauer, Boston, 
Mass. 

The marked decalcification observed in rheumatoid 
arthritis and the osteoph 3 rte formation seen in hyper- 
trophic arthritis suggest the possibility of an altered cal- 
cium and phosphorus metabolism in these two diseases. 

The fasting serum calcium, phosphorus and phos- 
phatase values in such individuals were found to be 
within normal limits. Therefore, complete calcium, 
phosphorus and nitrogen metabolism studies were car- 
ried out on eight rheumatoid and three hypertrophic ar- 
thritics. When studied on a low calcium intake, the ob- 
served negative calcium balances in both groups were 
essentially the same as in the controls. The four pa- 
tients with rheumatoid arthritis exhibiting the most 
marked decalcification had the highest negative calcium 
balances. That marked restriction of activity is an ade- 
quate explanation for the observed increased calcium 
excretion is suggested by the fact that immobilization 
of a normal individual in a cast will result in an in- 
creased calcium excretion of 0.95 gram per three-day 
period. Four rheumatoid arthritic patients studied on a 
high calcium diet showed no abnormalities. The actual 
phosphorus balances were in all cases in close agreement 
with the theoretical phosphorus balances. 

These results indicate that an altered calcium and 
phosphorus metabolism is not a primary feature of either 
rheumatoid or hypertrophic arthritis. 

The Mechanism of Human Diabetes Insipidus. By 
Henry L. Schmitz, Chicago, 111. 

The nature of the disturbance in water metabolism in 
diabetes insipidus has been studied in four patients with 
this disease. The following observations were made. 
The withdrawal of water for periods of four to six hours 
had no significant effect upon the urine output although 
the patients complained of thirst. When water ^\■as then 
allowed ad libitum the output was influenced but little, 
and the enormously excessive intake approximately made 
up the deficit created during the period of abstinence. 
Analysis of renal function by the creatinine clearance 
method of Rehberg indicated that the pol>'uria was due 
to a deficient reabsorption of water in the renal tubules. 
Glomerular filtration was within normal limits. The ad- 
ministration of pituitrin decreased the urine volume by 
increasing tubular reabsorption. As the effect of pitui- 
trin wore off tubular reabsorption decreased and urine 
volume increased. Increase in the fluid int.akc lagged 
behind the return of the pol^-uria. 

These results are interpreted as meaning that the essen- 
tial defect in diabetes insipidus is renal, specifically a 
failure in tubular rcabsorption of water and that pi- 
tuitrin corrects this defecL 
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Effect on Tumor Groxolh of Treatmeut 7v{tli Colchicine 
and X-rays. By Austin M. ]3kues and Bf.ula B. 
Marble (introduced by Joseph C. Aub), Boston, Mass. 
The alkaloid colchicine is a specific poison for cell 
division, blocking mitosis in tbc visible metaphase stage. 
It is also known to have a specific metabolic cfTecl on 
tissues, consisting in marked reduction in vitamin C con- 
tent. The present experiments have been performed on 
rats and mice bearing experimental tumors, and indieatc 
that the administration of repeated large doses of colchi- 
cine retards the growth of these tumors very markedly, 
although regression of tumors rarely occurs. Tin's 
seems to be due in part to the cfTcct of tbc drug on cell 
division, and in part to vascular injury such as occurs 
after administration of bacterial filtrates. Retardation 
occurs only with toxic or near-toxic doses, and many of 
these animals died of colchicine poisoning. A series of 
animals receiving smaller doses, in amounts that could 
safely be administered daily, showed no tendency to 
retardation of growth and no lowering of tissue or tu- 
mor ascorbic acid, although some arrest of mitosis was 
seen. The smaller doses of colchicine, when combined 
with x-ray treatment (300 r daily for ten days) caused 
no further regression of tumors than did x-rays alone. 

Insensible IVofcr Loss in Disease, By Alexander W. 
Winkler (introduced by John P. Peters), New Haven, 
Conn. 

The daily insensible loss of weight over considerable 
periods of time was determined in a group of some 
twenty patients presenting various metabolic disturbances. 
In 6 edematous nephritic subjects the insensible loss did 
not vary significantly with urine flow, fluid intake, or 
change in body water and salt content during diuresis. 
In both edematous and non-edematous subjects the aver- 
age insensible loss was definitely correlated with the basal 
metabolism. The daily insensible loss varied more in 
individual subjects than did the basal metabolism. In 
certain cases of renal and vascular disease the average 
insensible loss over prolonged periods was found to be 
related to the total metabolism by the following approxi- 
mate equation: 

Calories burned = 2.0 X I. L. (grams). 

Evidence, however, is presented suggesting that the fac- 
tor may be greater than 2.0 in certain of the edematous 
and less than 2.0 in the hyperthyroid cases. In one case 
of recovered acute nephritis with malnutrition, there was 
a definite discrepancy between the total metabolism cal- 
culated from the insensible loss by this equation, and the 
insensible loss as estimated from indirect calorimetry. 
It is concluded that while insensible loss is closely de- 
pendent on total metabolism in disease as well as in 
health, under some circumstances the quantitative rela- 
tionship may be different. 

The Metabolism of Phosphorus in Periodic Family Pa- 
ralysis. By A. T. Milhorat (introduced by Eugene 
F. DuBois), New York, N. Y. 

The metabolism of calcium, phosphorus, and magne- 


sium was studied in a patient with periodic family paraly- 
sis. The patient was a 15 year old male who had peri- 
odic attacks of paralysis involving most of the voluntary 
muscles, lasting for about 24 hours. Following the oc- 
currence of a few of these attacks, the urinary and fecal 
output of calcium, phosphorus, and magnesium was deter- 
mined for 8 periods of 6 days each during which care- 
fully weighed diets were given. The mineral content of 
the diet was kept constant from day to day during each 
period, but varied for the different periods. The calcium 
balance was normal. The patient was in balance on a 
diet containing 1.0 gram of calcium daily. On a daily 
intake of 2.0 grams of calcium, 0.550 gram were retained 
daily ; on a daily intake of 0.100 gram there was a nega- 
tive balance of 0.260 gram. Likewise, the output of 
magnesium was normal. The amounts of magnesium 
eliminated daily were similar to those in the diet on in- 
takes varying from 0.162 gram to 0.306 gram. On the 
other hand, there was a negative balance of phosphorus 
during all the periods of investigation. During the pe- 
riods when 1.6 grams of phosphorus was contained in the 
daily diet, tiic average daily negative balance was 0.362 
gram. On an intake of 2.0 grams the average daily 
negative balance was 0.147 gram and when 0.60 gram of 
phosphorus was given daily the amounts eliminated ex- 
ceeded the intake by 0.358 gram. By the use of similar 
methods and diets the mineral balance of 2 patients with 
progressive muscular dystrophy and 2 patients with myo- 
tonia atrophica was determined. In these 4 patients with- 
out periodic family paralysis the metabolism of calcium, 
phosphorus, and magnesium was normal. 

The data suggest that in periodic family paralysis there 
is a disturbance in the metabolism of phosphorus without 
any involvement of the metabolism of calcium or mag- 
nesium. These observations were made after the occur- 
rence of a few attacks of paralysis. Whether a similar 
loss of phosphorus precedes an attack of paralysis or 
whether phosphorus is retained at that time has not yet 
been determined. 

Further E.vpcrimcuis on E.vpcrimcntal Hyposthenuria. 

By Paul Dumke (by invitation) and J. M. Hay- 

man, Jr., Cleveland, Ohio. 

This is a continuation of experiments reported last 
spring by Shumway and Hayman. At that time, it was 
shown that dogs subjected to subtotal nephrectomy ex- 
creted an increased volume of dilute urine, but could be 
made to put out a concentrated urine under certain ex- 
perimental conditions (intravenous sodium sulphate, in- 
creased plasma colloids, low blood pressure). Dogs poi- 
soned by uranium, on the other hand, could not be made 
to excrete a concentrated urine under any circumstances. 

In the present experiments, the effects of ureteral ob- 
struction have been studied. Dogs subjected to adequate 
ureteral obstruction excrete a dilute urine, and cannot be 
made to concentrate by withholding food and water, nor 
by any methods tried. The daily urine volume is usually 
increased. Creatinine and urea clearances are markedly 
reduced. Blood pressure is not significantly elevated. 
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These changes in renal function are apparent as early as 
five days after obstructing the ureters. Histologically, 
such animals show tubular degeneration. This damage, 
however, is reversible, for if the ureteral obstruction is 
removed the animal recovers its ability to excrete a urine 
of high gravity. 

Successful Management of Addison’s Disease with Adre- 
nal Cortex Extract. By W. O. Thompson and (by 
invitation) P. K. Thompson, S. G. Taylor, III, and 
W. S. Hoffman, Chicago, 111. 

We have been able to rehabilitate patients with typical 
Addison’s disease and maintain them in good health for 
long periods by the administration of large doses of an 
adrenal cortex extract (10 to 20 cc. daily) without any 
other form of therapy. When typical symptoms of adre- 
nal insufficiency develop during the administration of an 
inadequate dose of the extract, or following its omission, 
the patient may be revived by large doses of the extract 
alone, provided the insufficiency has not been allowed to 
develop too far. When a crisis is well marked the ad- 
ministration of sodium salts must be added to the treat- 
ment until nausea and vomiting disappear. While pa- 
tients may be maintained for periods of several months 
by the administration of sodium salts alone or by com- 
bining this form of therapy with small doses of extract, 
the most desirable clinical condition is not produced un- 
less an adequate dose of extract is given, and then supple- 
menting with sodium salts is unnecessary. If the dose of 
extract is adequate, the potassium content of the diet may 
be ignored. While changes in the composition of the 
blood are important in diagnosis and as an index of the 
efficacy of treatment, the data show that, early in a crisis, 
there may be some discrepancy between the concentration 
of various substances in the blood and the clinical condi- 
tion of the patient. When the crisis is well marked, the 
blood findings usually coincide with the clinical condition. 

The Role in Growth and Development of Certain Potent 
Chemical Agents Found in Thymus Extract. By L. G. 
Rowntree, and (by invitation) Arthur Steinberg, N. 
H. Einhorn, N. K. Schaffer and William Ziegler, 
Philadelphia, Pa. 

With freshly prepared solutions of glutathione, ascor- 
bic acid and cysteine administered to parent rats, we have 
produced definite acceleration in the rate of growth and 
development of the offspring, in the second generation. 
These may be used singly or in combination. They are 
now being tried by way of substitution therapy in the 
retardation in growth and development incident to thy- 
mectomy, through successive generations of rats. Ergo- 
thioniene, another iodine-reducing agent, is not present in 
the thymus extract. The effects of glutamic acid and 
glycine are under investigation. 

The possibilitj’ of obtaining thymus effects from a syn- 
thetic extract containing glutathione, ascorbic acid and 
cysteine is being tried at present 


The Treatment of Diabetes Mellitus with Frotaminc Zinc 
Insulin. By S. Soskin, and (by invitation) R. Levine 
and M. D. Allweiss, Chicago, 111. 

There can be no doubt as to the greater efficacy and 
convenience of protamine zinc insulin, in the treatment of 
diabetes mellitus, as evidenced by a number of recent 
clinical reports. However, further experience has tem- 
pered our initial enthusiasm with certain practical con- 
siderations. Treatment with protamine zinc insulin was 
instituted under carefully controlled conditions in the 
Max Pam Metabolism Unit of the Michael Reese Hos- 
pital. After several weeks of hospital observation, these 
same cases were followed for many months in the out- 
patient dispensary. Our observations on these and other 
patients have led us to the following conclusions : (a) A 
single dose of protamine insulin may show some effect 
for as long as 48 hours in a fasting individual, but its 
clinically significant period of activity under the ordinary 
conditions of feeding is probably 16 to 20 hours. (6) 
Diabetes of the adult type can usually be well controlled 
with one dose of protamine insulin per day. (c) Dia- 
betes of the juvenile type can be well controlled but 
usually requires two doses of protamine insulin per day. 
(d) Occasional severe juvenile diabetics cannot be well 
controlled throughout the 24 hours of the day by either 
protamine or ordinary insulin, (c) Because of its lesser 
effect on alimentary hyperglycemia, protamine insulin 
may be less effective than ordinary insulin in the treat- 
ment of the uncooperative or unintelligent patient. 

Indirect Calorimetric Study of the Oxidation of Glucose 
in Controlled and UncoiUrolled Diabetic Men. By J. 
M. Sheldon (by invitation) and L. H. Newburgh, 
Ann Arbor, Mich. 

The study consisted of a continuous four hour meas- 
urement by means of a respiration chamber of the 
amount of carbohydrate oxidized by normal men and by 
diabetics when they were controlled and uncontrolled. 
Standard, open circuit, indirect calorimetry was em- 
ployed. All subjects were first studied while subsisting 
on a low carbohydrate, high fat type of diet. Insulin 
was not employed. The diets for all subjects v.’crc ad- 
justed so that the blood sugars of the diabetics remained 
within the normal range. The energy of the diet was 
approximately maintenance. Subsequently, the oxidation 
of glucose by the same diabetics was studied while they 
were constantly hyperglycemic and glycosuric, due to the 
addition of sufficient carbohydrate to the diet (calorics 
were kept constant bj’ an isocaloric reduction of fat). 
The controls received the same diet. A typical example 
follows : 
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Effect on Tumor Groioth of Treatment ivith Colchicine 
and X-rays. By Austin M. Bkues and Beula B. 
Marble (inlrodiicccl by Joseph C. Aiib), Boston, Mass. 
The alkaloid colchicine is a specific poison for cell 
division, blocking mitosis in the visible metaphase stage. 
It is also known to have a specific metabolic effect on 
tissues, consisting in marked reduction in vitamin C con- 
tent. The present experiments have been performed on 
rats and mice bearing experimental tumors, and indicate 
that the administration of repeated large doses of colchi- 
cine retards the growth of these tumors very marked^', 
although regression of tumors rarely occurs. This 
seems to be due in part to the effect of the drug on cell 
division, and in part to vascular injury such as occurs 
after administration of bacterial filtrates. Retardation 
occurs only with toxic or near-toxic doses, and many of 
these animals died of colchicine poisoning. A series of 
animals receiving smaller doses, in amounts that could 
safely be administered daily, showed no tendency to 
retardation of growth and no lowering of tissue or tu- 
mor ascorbic acid, although some arrest of mitosis was 
seen. The smaller doses of colchicine, when combined 
with x-ray treatment (300 r daily for ten days) caused 
no further regression of tumors than did x-rays alone. 

Insensible Water Loss in Disease. By Alexander W. 
Winkler (introduced by John P. Peters), New Haven, 
Conn. 

The daily insensible loss of weight over considerable 
periods of time was determined in a group of some 
twenty patients presenting various metabolic disturbances. 
In 6 edematous nephritic subjects the insensible loss did 
not vary significantly with urine flow, fluid intake, or 
change in body water and salt content during diuresis. 
In both edematous and non-edematous subjects the aver- 
age insensible loss was definitely correlated with the basal 
metabolism. The daily insensible loss varied more in 
individual subjects than did the basal metabolism. In 
certain cases of renal and vascular disease the average 
insensible loss over prolonged periods was found to be 
related to the total metabolism by the following approxi- 
mate equation: 

Calories burned = 2.0 X I. L. (grams). 

Evidence, however, is presented suggesting that the fac- 
tor may be greater than 2.0 in certain of the edematous 
and less than 2.0 in the hyperthyroid cases. In one case 
of recovered acute nephritis with malnutrition, there was 
a definite discrepancy between the total metabolism cal- 
culated from the insensible loss by this equation, and the 
insensible loss as estimated from indirect calorimetry. 
It is concluded that while insensible loss is closely de- 
pendent on total metabolism in disease as well as in 
health, under some circumstances the quantitative rela- 
tionship may be different. 

The Metabolism of Phosphorus in Periodic Family Pa- 
ralysis. By A. T. Milhorat (introduced by Eugene 
F. DuBois), New York, N. Y. 

The metabolism of calcium, phosphorus, and magne- 


sium was studied in a patient with periodic family paraly- 
sis. The patient was a IS year old male who had peri- 
odic attacks of paralysis involving most of the voluntary 
muscles, lasting for about 24 hours. Following the oc- 
currence of a few of these attacks, the urinary and fecal 
output of calcium, phosphorus, and magnesium was deter- 
mined for 8 periods of 6 days each during which care- 
fully weighed diets were given. The mineral content of 
the diet was kept constant from day to day during each 
period, but varied for the different periods. The calcium 
balance was normal. The patient was in balance on a 
diet containing 1.0 gram of calcium daily. On a daily 
intake of 2.0 grams of calcium, 0.550 gram were retained 
daily ; on a daily intake of 0.100 gram there was a nega- 
tive balance of 0.260 gram. Likewise, the output of 
magnesium was normal. The amounts of magnesium 
eliminated daily were similar to those in the diet on in- 
takes varying from 0.162 gram to 0.306 gram. On the 
other hand, there was a negative balance of phosphorus 
during all the periods of investigation. During the pe- 
riods when 1.6 grams of phosphorus was contained in the 
daily diet, the average daily negative balance was 0.362 
gram. On an intake of 2.0 grams the average daily 
negative balance was 0.147 gram and when 0.60 gram of 
phosphorus was given daily the amounts eliminated ex- 
ceeded the intake by 0.358 gram. By the use of similar 
methods and diets the mineral balance of 2 patients with 
progressive muscular dystrophy and 2 patients with myo- 
tonia atrophica was determined. In these 4 patients with- 
out periodic family paralysis the metabolism of calcium, 
phosphorus, and magnesium was normal. 

The data suggest that in periodic family paralysis there 
is a disturbance in the metabolism of phosphorus without 
any involvement of the metabolism of calcium or mag- 
nesium. These observations were made after the occur- 
rence of a few attacks of paralysis. Whetlier a similar 
loss of phosphorus precedes an attack of paralysis or 
whether phosphorus is retained at that time has not yet 
been determined. 

Further E.vperiments on Experimental Hyposthenuria. 

By Paul Dumke (by invitation) and J. M. Hay- 

man, Jr., Cleveland, Ohio. 

This is a continuation of experiments reported last 
spring by Shumway and Hayman. At that time, it was 
shown that dogs subjected to subtotal nephrectomy ex- 
creted an increased volume of dilute urine, but could be 
made to put out a concentrated urine under certain ex- 
perimental conditions (intravenous sodium sulphate, in- 
creased plasma colloids, low blood pressure). Dogs poi- 
soned by uranium, on the other hand, could not be made 
to excrete a concentrated urine under any circumstances. 

In the present experiments, the effects of ureteral ob- 
struction have been studied. Dogs subjected to adequate 
ureteral obstruction excrete a dilute urine, and cannot be 
made to concentrate by withholding food and water, nor 
by any methods tried. The daily urine volume is usually 
increased. Creatinine and urea clearances are markedly 
reduced. Blood pressure is not significantly elevated. 



AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


677 


These changes in renal function are apparent as early as 
five days after obstructing the ureters. Histologically, 
such animals show tubular degeneration. This damage, 
however, is reversible, for if the ureteral obstruction is 
removed the animal recovers its ability to excrete a urine 
of high gravity. 

Successful Management of Addison’s Disease with Adre- 
nal Cortex Extract. By W. O. Thompson and (by 
invitation) P. K. Thompson, S. G. Taylor, III, and 
W. S. Hoffman, Chicago, 111, 

We have been able to rehabilitate patients with typical 
Addison’s disease and maintain them in good health for 
long periods by the adraim'stration of large doses of an 
adrenal cortex extract (10 to 20 cc. daily) without any 
other form of therapy. When typical symptoms of adre- 
nal insufficiency develop during the administration of an 
inadequate dose of the extract, or following its omission, 
the patient may be revived by large doses of the extract 
alone, provided the insufficiency has not been allowed to 
develop too far. When a crisis is well marked the ad- 
ministration of sodium salts must be added to the treat- 
ment until nausea and vomiting disappear. While pa- 
tients may be maintained for periods of several months 
by the administration of sodium salts alone or by com- 
bining this form of therapy with small doses of extract, 
the most desirable clinical condition is not produced un- 
less an adequate dose of extract is given, and then supple- 
menting with sodium salts is unnecessary. If the dose of 
extract is adequate, the potassium content of the diet may 
be ignored. While changes in the composition of the 
blood are important in diagnosis and as an index of the 
efficacy of treatment, the data show that, early in a crisis, 
there may be some discrepancy between the concentration 
of various substances in the blood and the clinical condi- 
tion of the patient. When the crisis is well marked, the 
blood findings usually coincide with the clinical condition. 

The Role in Growth and Develojnnent of Certain Potent 
Chemical Agents Found in Thymus Extract. By L. G. 
Rowntree, and (by invitation) Arthur Steinberg, N. 
H. Einhoen, N. K. Schaffer and William Ziegler, 
Philadelphia, Pa. 

With freshly prepared solutions of glutathione, ascor- 
bic acid and cysteine administered to parent rats, we have 
produced definite acceleration in the rate of growth and 
development of the offspring, in the second generation. 
These may be used singly or in combination. They are 
now being tried by way of substitution therapy in the 
retardation in growth and development incident to thy- 
mectomy, through successive generations of rats. Ergo- 
thionicne, another iodine-reducing agent, is not present in 
the thymus extract. The effects of glutamic acid and 
glycine arc under investigation. 

The possibility of obtaining thymus effects from a syn- 
thetic c.xtract containing glutathione, ascorbic add and 
cysteine is being tried at present. 


The Treatment of Diabetes Melliius with Protamine Zinc 
Insulin. By S. Soskin, and (by invitation) R. Levine 
and M. D. Alliveiss, Chicago, 111, 

There can be no doubt as to the greater efficacy and 
convenience of protamine zinc insulin, in the treatment of 
diabetes mellitus, as evidenced by a number of recent 
clinical reports. However, further experience has tem- 
pered our initial enthusiasm with certain practical con- 
siderations. Treatment with protamine zinc insulin was 
instituted under carefully controlled conditions in the 
Max Pam Metabolism Unit of the Michael Reese Hos- 
pital. After several weeks of hospital observation, these 
same cases were followed for many months in the out- 
patient dispensary. Our observations on these and other 
patients have led us to the following conclusions : (a) A 
single dose of protamine insulin may show some effect 
for as long as 48 hours in a fasting individual, but its 
clinically significant period of activity under the ordinarj' 
conditions of feeding is probably 16 to 20 hours. (6) 
Diabetes of the adult type can usually be well controlled 
with one dose of protamine insulin per day. (c) Dia- 
betes of the juvenile type can be well controlled but 
usually requires two doses of protamine insulin per day. 
(d) Occasional severe juvenile diabetics cannot be well 
controlled throughout the 24 hours of the day by either 
protamine or ordinary insulin, (e) Because of its lesser 
effect on alimentary hyperglycemia, protamine insulin 
may be less effective than ordinary insulin in the treat- 
ment of the uncooperative or unintelligent patient. 

Indirect Calorimetric Study of the Oxidation of Glucose 
in Controlled and Uncontrolled Diabetic Men. By J. 
M. Sheldon (by invitation) and L. H. Newburgh, 
Ann Arbor, Mich. 

The study consisted of a continuous four hour meas- 
urement by means of a respiration chamber of the 
amount of carbohydrate oxidized by normal men and by 
diabetics when they were controlled and uncontrolled. 
Standard, open circuit, indirect calorimetry was em- 
ployed. All subjects were first studied while subsisting 
on a low carbohydrate, high fat type of diet. Insulin 
was not employed. The diets for all subjects were ad- 
justed so that the blood sugars of the diabetics remained 
within the normal range. The energy of the diet was 
approximately maintenance. Subsequently, the oxidation 
of glucose by the same diabetics was studied while they 
were constantly hyperglycemic and glycosuric, due to the 
addition of sufficient carbohydrate to the diet (calories 
were kept constant by an isocaloric reduction of fat). 
The controls received the same diet. A typical example 
follows : 
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solution intrapcriloiically, and (3) repealed daily doses 
of liver extract intramuscularly for one week. In each 
instance the amount injected was arbitrarily chosen: 0.5 
cc. per 100 grams of body weight. The normal rats re- 
ceiving liver extract and the .anemic rats which were 
given saline solution failed to show reticulocyte reac- 
tions. However, significant responses were observed in 
the anemic animals which received either one injection or 
repeated daily injections of fresh commercial liver ex- 
tract. An attempt was made to control these experi- 
ments by eliminating other factors known to cause 
reticulocyte reactions. 

The Etiology of Idiopathic Hypochromic Anemia. By 

W. M. Fowler and (by invitation) Adelaide P. Barer, 

Iowa City, Iowa. 

During the course of studies of iron metabolism on pa- 
tients with hypochromic anemia certain observations per- 
taining to the etiology of “ idiopathic hypochromic 
anemia ” were made. 

Determinations of iron balance show that patients with 
achlorhydria retain less iron from a normal dietary iron 
intake than do patients with a normal gastric acidity. 

Although the patients with idiopathic hypochromic 
anemia denied excessive menstrual blood loss, it was 
found that the average loss for these individuals was con- 
siderably larger than the average for 100 normal women. 
It was also found that the amount of iron which these 
patients retained from a normal dietary intake was not 
sufficient to replace that lost by menstruation. 

A daily iron intake of approximately 12 mgm. is ap- 
parently necessary to maintain a positive balance. 

The patients with idiopathic hypochromic anemia re- 
tained as much iron and regenerated hemoglobin as 
rapidly while receiving medicinal iron as did patients 
with chronic hemorrhagic anemia, so that no evidence 
of faulty iron metabolism was apparent. 

Blood Volume Changes in Pernicious Anemia. By J. G. 

Gibson, 2d (by invitation) and William P. Murphy, 

Boston, Mass. 

Changes in plasma and red blood cell volume occurring 
in patients with pernicious anemia treated by parenteral 
liver extract were studied by the method described by 
Gibson and Evans (J. Clin. Invest., 1937, 16, 301). 

In severe anemia the total blood volume is reduced, 
averaging 17.5 per cent below normal in six patients with 
red cell counts around 1,500,000. The diminution in red 
cell volume is offset to some extent by an increase in the 
plasma volume. The individual cell volume is high. 

With clinical improvement there is a progressive in- 
crease in the total blood volume, the plasma volume tend- 
ing to diminish as the red cell volume rises. With com- 
plete clinical recovery the red cell and total blood volume 
returns to normal limits. Changes in individual cell vol- 
ume vary with individuals but the general trend is to- 
ward smaller cells as red cell volume rises. 

During recovery, the relationship between changes in 
plasma and red cell volume is such that the degree of re- 


turn in red cell volume to normal values is closely re- 
flected by the degree of return to normal values of red 
cell counts, licmoglobin determinations and hematocrit 
values. 

Certain evidence has been obtained which indicates that 
the response, in terms of percentage return to normal in 
red cell volume is slower following multiple small doses 
of liver extract than that which follows single large 
doses, even though a satisfactory reticulocyte response 
occurs in both instances. 

The Maturation of Transfused Reticulocytes in the Rat. 
B3- a. j. Creskoff (by invitation) and Thomas Fitz- 
Hugii, Jr., Philadelphia, Pa. 

Our previous study ^ of the reticulocytosis of fetal and 
nursling rats indicated the probability of peripheral re- 
ticulocyte maturation. 

In the present experiments litters of young rats with 
high reticulocyte counts were used to supplj' donor-blood 
to a recipient group of adult rats with low reticulocyte 
counts. Just before transfusion, recipients were bled an 
amount equal to the volume to be transfused (average 
5 ec.). In another group, anemic adult animals, with 
high reticulocj'te counts induced by repeated bleedings, 
were used as donors. In both groups the donor blood 
was concentrated to an 8,000,000 erythrocyte count be- 
fore transfusion. Control bleeding and transfusion ex- 
periments were made with normal adult animals. 

In all of our experiments the transfused reticulocytes 
disappeared progressively over a period of 48 to 96 
hours, at the end of which time the recipient’s reticulo- 
cyte count had declined to pre-transfusion level without 
any concomitant change in the recipient’s elevated post- 
transfusion erythrocyte counts. This we believe indi- 
cates peripheral reticulocj'te maturation and suggests 
that the j’oungest reticulocytes (rat) require almost 4 
days to "mature" in the peripheral blood. Our data 
suggest also that transfused erythrocytes survive for 5 
to 8 days. Wistar-strain albino rats have no demon- 
strable intra-group hemagglutinins. 

The Questionable Relationship of Staphylococcus Infec- 
tion to Leukemia. By Frankun R. Miller, Cleve- 
land, Ohio. 

Infection has been considered frequently as an eti- 
ological agent in the leukemia group. In the past three 
years I have studied five leukemias, each of whom had 
at sometime one or more foci of infection caused by 
hemolytic staphylococcus aureus. Three of these cases 
were studied to see if the white cell count and the num- 
ber of immature cells bore any relationship to the infec- 
tions. Two of these cases were given antigen made 
from staphylococcus aureus, in the one case autogenous 
vaccine and in the other commercial staphylococcus 
toxoid. In each case the white cell counts were low at 
the start and as the doses of antigen increased, the level 


1 Fitz-Hugh, T., Jr., Creskoff, A. J., and Taylor, H. B„ 
J. Clin. Invest., 1936, 15, 468. 
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of the white blood cell count increased, and the increase 
was chiefly made up of immature cells. Following the 
use of toxoid in the one case, diphtheria toxoid was given 
in an immunizing dose with little or no increase in white 
blood cell level. The third case had a leukemic count at 
the start, but no demonstrable infection. However, 
hemolytic staphylococcus aureus was cultured from the 
patient’s nasopharynx and, because of this, staphylococcus 
antitoxin was employed. After the start of the anti- 
toxin, many bullous lesions developed over the buttocks, 
arms, back and face. These lesions contained pure cul- 
tures of hemolytic staphylococcus aureus. No beneficial 
change occurred in the white cell count or progress of 
the disease with the use of 70 cc. or 50,000 units of anti- 
toxin. 

The staphylococcus toxoid was used in immunizing 
doses on a fourth case of leukemia without infection, in 
which the white blood cell count was controlled with 
Fowler’s solution. Here again the white blood cell 
count increased and immature cell forms were found in 
the blood smear. 

The data is too meager to state that infection in these 
cases played any definite role in inducing or aggravating 
the leukemic process. 

Erythrocyte Sedivientation. Clinical Significance and 

Evaluation as a Quantitative Procedure. By Thomas 

Hale Ham (introduced by Clark W. Heath), Boston, 

Mass. 

Variation in the stability of erythrocytes in suspension 
was found to be a non-specific phenomenon which was 
altered by: plasma fibrinogen, serum globulins, lipoids, 
viscosity, hematocrit, mean corpuscular volume of eryth- 
rocytes, anticoagulant, diameter of sedimentation tube 
and height of blood column. The sedimentation rate was 
a measure of the degree of erj^hrocyte instability and, as 
such, had no direct clinical importance. The clinical 
interpretation of the sedimentation rates depended upon 
the significance of the abnormal blood constituent, and 
not upon the altered suspension stability. 

Employing the Rourke-Ernstene technique, 260 deter- 
minations of the corrected sedimentation “ index ” on 65 
subjects showed linear correlation with the concentration 
of plasma fibrinogen only when there were normal values 
for serum globulins and in general for lipoids. The sedi- 
mentation rate of erythrocytes in defibrinated blood w'as 
observed with correction for variations in hematocrit in 
72 subjects. These rates were extremely slow and al- 
most a constant in normal subjects; they were slightly 
accelerated and variable in abnormal subjects with nor- 
mal serum globulins and lipoids ; but were strikingly ele- 
vated in instances of increased serum globulins or lipoids. 
The corrected defibrinated sedimentation rate showed no 
relation to the concentration of plasma fibrinogen. 

The sedimentation techniques of Wintrobe, Wester- 
gren, Linzenmeier and Cutler produced less satisfactory 
correlation with plasma fibrinogen than the method of 
Rourke and Emstene. However, none of the above tech- 
niques using whole blood, nor the technique employed 


here for defibrinated blood, could be used as an accurate 
or specific method of estimating the concentration of any 
one blood constituent, such as plasma fibrinogen, serum 
globulin or lipoids, because of the influence of variations 
in any one of these substances on the suspension stability. 

Neutropenia (^Agranulocytosis') . Fatigue as an Etiologi- 
cal Factor and Monocytosis as a Prognostic Sign. By 
Paul Reznikoff, New York, N. Y. 

Of the four etiological factors important in the causa- 
tion of neutropenia — fatigue, drugs, menstruation and in- 
fection — fatigue previous to the onset of illness was 
found to be the most prominent predisposing factor in 
11 of 13 patients. No inquiry was made into this feature 
in the 2 remaining cases. Drugs known to be of etiologi- 
cal significance in this disease were taken in 9 cases; in 

3, no history of their use could be elicited. One patient 
who had never taken drugs before her attacks received 
1.62 grams of amidopyrine as a sedative during her fourth 
attack and recovered. Menstruation was a factor in 3 
of the 9 female patients; 6 had passed the menopause. 
Infections were of possible importance in 6 patients; in 

4, no history of infections could be elicited, and in 3, no 
previous infection could be found. 

The most constant hematological sign of recovery was 
a pronounced monocytosis which usually appeared before 
any other evidence of improvement. Only a sporadic or 
slight monocytic response was present in the 3 fatal cases. 

Plasma Proteins in Anemias. By Charles L. Brown 
and (by invitation) I. W. Ginsburg, Philadelphia, Pa. 
This report consists of a correlation study of the 
plasma proteins with the size and hemoglobin content of 
the red blood cells in ten cases of severe or moderately 
severe anemia and fourteen cases of mild anemia, other 
than pernicious anemia or anemia of pregnancy. These 
cases were classified as microcytic, normocytic, and 
macrocytic in accordance with the classification of 
Wintrobe. 

Plasma protein studies included total serum protein, 
serum albumin, serum globulin, albumin globulin ratio 
and colloid osmotic pressure. Throughout the whole 
group of cases the total protein tends to be normal with 
the scrum albumin lower than normal with resulting 
somewhat lowered albumin ; globulin ratio. The colloid 
osmotic pressure, while varying over a considerable 
range shows no distinct constant variation referable to 
the microc>’tic or macroc>’tic cases. 

These studies indicate that there is no constant rela- 
tionship of the cell volume to the colloid osmotic pres- 
sure of the blood serum, and the increase in the size of 
the red blood cell cannot be explained alone on an 
osmotic basis. 

The Longevity of Erythrocytes in Human Blood. By 
Matthew C. Riddle (by invitation) and Rafiiael 
Isaacs, Ann Arbor, Midi. 

From a study of the rate of blood formation in o-.cr 
600 patients with \'ariou5 types of anemia, it is concluded 
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solution intrapcriloncally, and (3) repealed daily doses 
of liver extract intramuscularly for one week. In each 
instance tlic amount injected was arbitrarily chosen: 0.5 
cc. per 100 grams of body weight. The normal rats re- 
ceiving liver extract and the anemic rats which were 
given saline solution failed to show rcticuloci’lc reac- 
tions. However, significant responses were observed in 
the anemic animals which received either one injection or 
repeated daily injections of fresli commercial liver ex- 
tract. An attempt was made to control these experi- 
ments by eliminating other factors known to cause 
reticulocyte reactions. 

The Etiology of Idiopathic Hypochromic Anemia. By 

W. M. Fowler and (by invitation) Adelaide P. Barer, 

Iowa City, Iowa. 

During the course of studies of iron metabolism on pa- 
tients with hypochromic anemia certain observations per- 
taining to the etiology of “ idiopathic hypochromie 
anemia” were made. 

Determinations of iron balance show that patients with 
achlorhydria retain less iron from a normal dietary iron 
intake than do patients with a normal gastric acidity. 

Although the patients with idiopathic hypochromic 
anemia denied excessive menstrual blood loss, it was 
found that the average loss for these individuals was con- 
siderably larger than the average for 100 normal wmmen. 
It was also found that the amount of iron which these 
patients retained from a normal dietary intake was not 
sufficient to replace that lost by menstruation. 

A daily iron intake of approximately 12 mgm. is ap- 
parently necessary to maintain a positive balance. 

The patients with idiopathic hypochromic anemia re- 
tained as much iron and regenerated hemoglobin as 
rapidly while receiving medicinal iron as did patients 
with chronic hemorrhagic anemia, so that no evidence 
of faulty iron metabolism was apparent. 

Blood Volume Changes in Pernicious Anemia. By J. G. 

Gibson, 2d (by invitation) and William P. Murphy, 

Boston, Mass. 

Changes in plasma and red blood cell volume occurring 
in patients with pernicious anemia treated by parenteral 
liver extract were studied by the method described by 
Gibson and Evans (J. Clin. Invest., 1937, 16, 301). 

In severe anemia the total blood volume is reduced, 
averaging 17.5 per cent below normal in six patients with 
red cell counts around 1,500,000. The diminution in red 
cell volume is offset to some extent by an increase in the 
plasma volume. The individual cell volume is high. 

With clinical improvement there is a progressive in- 
crease in the total blood volume, the plasma volume tend- 
ing to diminish as the red cell volume rises. With com- 
plete clinical recovery the red cell and total blood volume 
returns to normal limits. Changes in individual cell vol- 
ume vary with individuals but the general trend is to- 
ward smaller cells as red cell volume rises. 

During recovery, the relationship between changes in 
plasma and red cell volume is such that the degree of re- 


turn in red cell volume to normal values is closely re- 
flected by the degree of return to normal values of red 
cell counts, hemoglobin determinations and hematocrit 
values. 

Certain evidence has been obtained which indicates that 
the response, in terms of percentage return to normal in 
red cell volume is slower following multiple small doses 
of liver extract than that which follows single large 
doses, even though a satisfactory reticulocyte response 
occurs in both instances. 

The Maturation of Transfused Reticulocytes in the Rat. 
By A. J. Creskoff (by invitation) and Thomas Fitz- 
Hugh, Jr., Philadelphia, Pa. 

Our previous study ^ of the reticulocytosis of fetal and 
nursling rats indicated the probability of peripheral re- 
ticulocyte maturation. 

In the present experiments litters of young rats with 
high reticulocyte counts were used to supply donor-blood 
to a recipient group of adult rats with low reticulocyte 
counts. Just before transfusion, recipients were bled an 
amount equal to the volume to be transfused (average 
5 cc.). In another group, anemic adult animals, with 
high reticulocyte counts induced by repeated bleedings, 
were used as donors. In both groups the donor blood 
was concentrated to an 8,000,000 erythrocyte count be- 
fore transfusion. Control bleeding and transfusion ex- 
periments were made with normal adult animals. 

In all of our e-xperiments the transfused reticulocytes 
disappeared progressively over a period of 48 to 96 
hours, at the end of which time the recipient’s reticulo- 
cyte count had declined to pre-transfusion level without 
any concomitant change in the recipient's elevated post- 
transfusion erythrocyte counts. This we believe indi- 
cates peripheral reticulocyte maturation and suggests 
that the youngest reticulocytes (rat) require almost 4 
days to “ mature ” in the peripheral blood. Our data 
suggest also that transfused erythrocytes survive for 5 
to 8 days. Wistar-strain albino rats have no demon- 
strable intra-group hemagglutinins. 

The Questionable Relationship of Staphylococcus Infec- 
tion to Leukemia. By Franklin R. Miller, Cleve- 
land, Ohio. 

Infection has been considered frequently as an eti- 
ological agent in the leukemia group. In the past three 
years I have studied five leukemias, each of whom had 
at sometime one or more foci of infection caused by 
hemolytic staphylococcus aureus. Three of these cases 
were studied to see if the white cell count and the num- 
ber of immature cells bore any relationship to the infec- 
tions. Two of these cases were given antigen made 
from staphylococcus aureus, in the one case autogenous 
vaccine and in the other commercial staphylococcus 
toxoid. In each case the white cell counts were low at 
the start and as the doses of antigen increased, the level 


1 Fitz-Hugh, T., Jr., Creskoff, A. J., and Taylor, H. B., 
J. Clin. Invest., 1936, 15, 468. 
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of the white blood cell count increased, and the increase 
was chiefly made up of immature cells. Following the 
use of toxoid in the one case, diphtheria toxoid was given 
in an immunizing dose with little or no increase in white 
blood cell level. The third case had a leukemic count at 
the start, but no demonstrable infection. However, 
hemolytic staphylococcus aureus was cultured from the 
patient’s nasopharynx and, because of this, staphylococcus 
antitoxin was employed. After the start of the anti- 
toxin, many bullous lesions developed over the buttocks, 
arms, back and face. These lesions contained pure cul- 
tures of hemolytic staphylococcus aureus. No beneficial 
change occurred in the white cell count or progress of 
the disease with the use of 70 cc. or 50,000 units of anti- 
toxin. 

The staphylococcus toxoid was used in immunizing 
doses on a fourth case of leukemia without infection, in 
which the white blood cell count was controlled with 
Fowler’s solution. Here again the white blood cell 
count increased and immature cell forms were found in 
the blood smear. 

The data is too meager to state that infection in these 
cases played any definite role in inducing or aggravating 
the leukemic process. 

Erythrocyte Sedimentation. Clinical Significance and 

Evaluation as a Quantitative Procedure. By Thomas 

Hale Ham (introduced by Clark W. Heath), Boston, 

Mass. 

Variation in the stability of erythrocytes in suspension 
was found to be a non-specific phenomenon which was 
altered by: plasma fibrinogen, scrum globulins, lipoids, 
viscosity, hematocrit, mean corpuscular volume of eryth- 
rocytes, anticoagulant, diameter of sedimentation tube 
and height of blood column. The sedimentation rate was 
a measure of the degree of erythrocyte instability and, as 
such, had no direct clinical importance. The clinical 
interpretation of the sedimentation rates depended upon 
the significance of the abnormal blood constituent, and 
not upon the altered suspension stability. 

Employing the Rourke-Ernstene technique, 260 deter- 
minations of the corrected sedimentation “ index ” on 65 
subjects showed linear correlation with the concentration 
of plasma fibrinogen only when there were normal values 
for scrum globulins and in general for lipoids. The sedi- 
mentation rate of erythrocytes in defibrinated blood was 
observed with correction for variations in hematocrit in 
72 subjects. These rates were extremely slow and al- 
most a constant in normal subjects; they were slightly 
accelerated and variable in abnormal subjects with nor- 
mal scrum globulins and lipoids ; but were strikingly ele- 
vated in instances of increased serum globulins or lipoids. 
The corrected defibrinated sedimentation rate showed no 
relation to the concentration of plasma fibrinogen. 

The sedimentation techniques of Wintrobc, Westcr- 
gren, Linzenmeier and Cutler produced less satisfactory 
correlation with plasma fibrinogen than the method of 
Rourkc and Ernstcnc. However, none of the above tech- 
niques using whole blood, nor the technique employed 


here for defibrinated blood, could be used as an accurate 
or specific method of estimating the concentration of any 
one blood constituent, such as plasma fibrinogen, serum 
globulin or lipoids, because of the influence of variations 
in any one of these substances on the suspension stability. 

Neutropenia (Agranulocytosis). Fatigue as an Etiologi- 
cal Factor and Monocytosis as a Prognostic Sign. By 
Paul Reznikoff, New York, N. Y. 

Of the four etiological factors important in the causa- 
tion of neutropenia — fatigue, drugs, menstruation and in- 
fection — fatigue previous to the onset of illness was 
found to be the most prominent predisposing factor in 
11 of 13 patients. No inquiry was made into this feature 
in the 2 remaining cases. Drugs known to be of etiologi- 
cal significance in this disease were taken in 9 cases; in 

3, no history of their use could be elicited. One patient 
who had never taken drugs before her attacks received 
1.62 grams of amidopyrine as a sedative during her fourth 
attack and recovered. Menstruation was a factor in 3 
of the 9 female patients; 6 had passed the menopause. 
Infections were of possible importance in 6 patients; in 

4, no history of infections could be elicited, and in 3, no 
previous infection could be found. 

The most constant hematological sign of recovery was 
a pronounced monocytosis which usually appeared before 
any other evidence of improvement. Only a sporadic or 
slight monocytic response was present in the 3 fatal cases. 

Plasma Proteins in Anemias. By Charles L. Brown 
and (by invitation) I. W. Ginsburg, Philadelphia, Pa. 
This report consists of a correlation study of the 
plasma proteins with the size and hemoglobin content of 
the red blood cells in ten cases of severe or moderately 
severe anemia and fourteen cases of mild anemia, other 
than pernicious anemia or anemia of pregnancy. These 
cases were classified as microcytic, normocytic, and 
macrocytic in accordance with the classification of 
Wintrobe. 

Plasma protein studies included total serum protein, 
serum albumin, serum globulin, albumin globulin ratio 
and colloid osmotic pressure. Throughout the whole 
group of cases the total protein tends to be normal with 
the scrum albumin lower than norma! with resulting 
somewhat lowered albumin : globulin ratio. The colloid 
osmotic pressure, while varj'ing over a considerable 
range shows no distinct constant variation referable to 
the microcytic or macrocytic cases. 

These studies indicate that there is no constant rela- 
tionship of the cell volume to the colloid osmotic pres- 
sure of the blood scrum, and the increase in the size of 
the red blood cell cannot be explained alone on an 
osmotic basis. 

The Longevity of Erythrocytes in Human Blood. By 
Matthew C. Riddle (by invitation) .and RAniAri 
Isaacs, .Ann Arbor, Mich. 

From a study of the rate of blood formation in over 
609 patients with various types of anemia, it is concluded 
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that the increase or decrease in the cryllirocytc count per 
week {It) is equal to the cliiTcrencc between tlie number 
of new erythrocytes formed and the number destroyed 
{P — D) in a given weekly period (/). For pernicious 
anemia the weekly rate of destruction (Z?) =0.22-1- 
(0.176 times Eo, the initial red blood cell count). In 
normal individuals, in certain anemias (acute hemor- 
rhage, iron deficiency, pernicious anemia during remis- 
sion) and for transfused normal erythrocytes, D = 0.22 
Eo. The average period of erythrocyte survival in 
pernicious anemia in relapse varies from 1.6 to 4.54 
weeks, depending on the erythrocyte count. In the other 
conditions mentioned, the average duration is 4.54 weeks. 

The theory is advanced that erythrocytes, being no 
longer living nucleated cells, persist “ indefinitely ” unless 
they arc fortuitously destroyed by trauma. " Wearing 
out” then, is not in the order of “age,” but in degree of 
trauma. Modifying factors arc (a) total erythrocyte 
concentration, (b) shape, (c) size, (rf) elasticity, (c) 
nature of the capillary bed, (/) velocity of the stream, 
and (g) chemical environment. Comparable tissues in 
this respect are the hair and nails. 

T/:c Effect of lutrautuscular Adntiuislration of a Globulin 

Substance Derived from Normal Human Plasma in 

Hemophilia. By Frederick J. Pohle and F. H. L. 

Taylor (introduced by George R. Minot), Boston, 

Mass. 

Patek and Taylor i have demonstrated the cfifectivc- 
ness of a single intravenous injection of a globulin sub- 
stance derived from normal human plasma in reducing 
the coagulation time of the blood in hemophilia. 

The present observations demonstrate that the globulin 
substance may be given intramuscularly with similar 
effectiveness. After either single intramuscular or in- 
travenous injection there was a prompt reduction in the 
coagulation time followed by a gradual rise with return 
to the pre-injection level in 24 hours. 

When injections were repeated by the intramuscular or 
intravenous route within 7 hours, it was not possible to 
maintain the coagulation time at the reduced level. This 
refractory period does not last longer than 24 hours 
after the last injection. 

However, during this refractory period the plasma or 
blood of the injected hemophilic patient showed no loss 
of clot-promoting power when measured in vitro against 
a second control hemophilic blood. Therefore, the re- 
fractory phase in the injected patient cannot be explained 
on tlie basis of a deficiency of globulin substance alone. 

Experiences with Insulin in Non-diabetic Individuals. 

By Reginald Fitz and (by invitation) Ben Vidgoff, 

Boston, Mass. 

A series of non-diabetic individuals were given ordi- 
nary glucose test meals with and without added insulin. 
Three types of curve were encountered. In the one. 


1 Patek, Arthur J., Jr., and Taylor, F. H. L., J. Clin. 
Invest., 1936, 16, 113. 


insulin had its usual effect in lowering the blood sugar 
concentration after a test meal. In another group, no 
effect of insulin was demonstrable, the curves being es- 
sentially the same with and without insulin. In the 
third group of cases, the glucose tolerance after the ad- 
ministration of insulin appeared diminished; so that the 
resultant curve following insulin was a diabetic-like 
curve, whereas without insulin, the curve was such as is 
obtained in normal individuals after a glucose meal. 
That insulin in normal individuals under certain circum- 
stances may appear to lower sugar tolerance already has 
been recognized. The reason for this finding is not al- 
together clear. In our experience, the activity of the 
thyroid gland is one certain factor. The size of the 
dose of insulin used is another factor in determining the 
type of sugar tolerance test obtained. Possibly the ac- 
tivity of the anterior lobe of the pituitary gland is a 
third factor, though our data on this score are not alto- 
gether convincing. 

Parathyroid Diuresis. By Clarence L. Rodbins (in- 
troduced by John P. Peters), New Haven, Conn. 
Recent studies of the effect of injections of para- 
thyroid extract on the excretion of electrolytes in urine 
indicate that the excretion of base and particularly 
sodium is increased in the first few hours after injec- 
tion. Ellsworth and others had previously demonstrated 
the increased rate of excretion of phosphorus immedi- 
ately following injection of parathyroid extract. 

In the studies here reported an attempt was made to 
determine whether the parathyroid extract specifically 
influences the excretion rate of sodium and of phosphorus 
or whether the observed increases are simply a resultant 
of increased renal filtration. Human subjects who pre- 
sented no evidence of renal dysfunction were used for 
control observations and for studies of excretion rates 
of sodium, chloride; phosphorus, pH changes and exoge- 
nous creatinine clearances before and after injection of 
parathyroid extract. 

In the first hour and continuing for three hours after 
injection a significant rise in pH of urine and in the ex- 
cretion rates of water, sodium and phosphorus occurred. 
Creatinine clearances remained unchanged. Chloride ex- 
cretion was not significantly influenced. 

It is concluded that parathyroid extract exerts a di- 
uretic action by inhibiting tubular reabsorption and not 
by increasing glomerular filtration as measured by cre- 
atinine clearances. Molecular ratios of excess sodium 
to phosphorus greater than 15 suggest that phosphatemia, 
immediately following parathyroid extract may be en- 
tirely secondary to diminished reabsorption of sodium by 
the renal tubules. 

Supra-Diaphragjnatic Splanchnic Resection for Essential 
Hypertension: A Two Year Study of Results, Selec- 
tion of Cases, and Physiological Considerations. By 
Reginald H. Smithwick (by invitation) and Robert 
S. Palmer, Boston, Mass. 

In thirty-four early or moderate cases of essential 
hypertension followed from a few months to two years. 


AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


683 


a fall of blood pressure to within normal limits in two- 
thirds, and almost to normal in the remaining third oc- 
curred. 

There is marked S 3 ’mptomatic improvement in all. No 
marked fall in blood pressure is obtained in cases of ma- 
lignant hypertension and only a moderate fall in SO per 
cent of the cases of late hypertension. S 3 Tnptomatic im- 
provement of moderate or marked degree is obtained in 
all of late benign essential hj^pertension, and likewise in 
all of 6 cases diagnosed malignant hypertension. Medi- 
cal treatment causes a substantial fall in the blood pres- 
sure of over SO per cent of mild and moderate cases, 
while 90 and 75 per cent respectively, either have no 
symptoms or are very much relieved. Medical treat- 
ment causes a substantial fall in the blood pressure in 
one-third of the late cases, and there are no symptoms, 
or symptomatic relief is obtained in slightly less than SO 
per cent. 

Experiments on the blood flow in the arm after nova- 
caine block, indicate that vasomotor control is much 
diminished. We suggest that the basis of essential 
hypertension may be at first a vasomotor instability, 
gradually becoming conditioned to a state of “ chronic 
emergency.” By sympathectomy of a large area of the 
minute vessels the first barrier of the peripheral resist- 
ance is lowered. It is not expected that the capillary 
resistance depending on tissue needs is affected by this 
procedure. In the early vasomotor stage essential hy- 
pertension may be halt^ at its inception. Later it may 
be relieved by abolishing the variability so characteristic 
of essential hypertension, but it is unlikely that the level 
can be lowered to normal after arteriolar change re- 
sulting from long continued hypertension has taken place. 

The Treatment of Polycythemia Vera by the Production 

of a Chronic Iron Deficiency State. By William 

Dameshek and (by invitation) Henry H. Henstell, 

Boston, Mass. 

The treatment of polycythemia vera is eminently un- 
satisfactory. Phenylhydrazine is exceedingly difficult to 
control and probably damaging to the liver. Fowler’s 
solution is not well tolerated. X-ray therapy has been 
disappointing. Occasional venesections apparently stimu- 
late blood production. 

In S well-controlled cases previously treated with the 
above methods, a state of chronic iron deficiency was in- 
duced by multiple venesections and a diet grossly de- 
ficient in iron. Venesections, usually 6 to 8 in number, 
of 500 cc. were done twice weekly until the hemoglobin 
reached about 70 to 80 per cent and the erythrocyte 
count about S.O million. The daily dietary iron content 
was reduced to less than 6 mgm. Frequent studies were 
made of the clinical status, the blood, hematocrit, blood 
volume, and viscosity. 

With this method, the patients were maintained symp- 
tom-free from 6 to 9 months, and there have occurred: 
great reduction in the various features of the plethoric 
state, relatively low hemoglobin concentration with very 


low color index and mean corpuscular hemoglobin con- 
centration, low hematocrit with low mean corpuscular 
volume and small average red cell diameters, and reduc- 
tion in .the blood volume and blood viscosity to normal 
values. 

. Rising values after 6 to 9 months have been readily 
controlled by a few venesections. 

A Delayed Disturbance of Nitrogen Metabolism Follow- 
ing Certain Infections. By Harold A. Bulger, St. 
Louis, Mo. 

The mysterious relationship of infection to such local 
disturbances as arthritis or nephritis inspires an interest 
in any correlated metabolic changes. We have noted 
certain striking phenomena following some acute infec- 
tions. They have occurred after an intervening period 
of one to several weeks of seemingly normal metabolism. 
The most notable change has been an extraordinary ex- 
cretion of amino nitrogen. There has been at the same 
time a reversion to a negative nitrogen balance. Most 
cases of nephritis have shown a more or less marked in- 
crease in amino nitrogen excretion. Even more striking 
has been a great increase in the output of amino nitro- 
gen of certain cases of arthritis. The magnitude of this 
change may exceed ten times the usual amounts. We 
have noted an immediate fall after removal of foci of 
infection. It should be noted that as a rule this phe- 
nomenon is not associated with any febrile reaction. 

High Peripheral Venous Pressure. Its Lack of Rela- 
tionship to Orthopnea and Dyspnea in the Absence of 
Congestive Failure. By Eugene B. Ferris, Jr., and 
(by invitation) Johnson McGuire, Cincinnati, Ohio. 

There is considerable clinical and experimental evi- 
dence that the dyspnea and orthopnea of cardiac failure 
are not related to increased venous pressure. However, 
a number of observers have maintained that such a rela- 
tionship does exist, either directly through the effect of 
high venous pressure itself ; or indirectly through stagna- 
tion anoxemia which is assumed to occur with high 
venous pressure, or through the assodated increased in- 
tracranial pressure. 

We have observed thirteen patients having extremely 
high venous pressures in the upper part of the body re- 
sulting from superior vena caval obstruction and have 
been impressed by the absence of dyspnea or orthopnea 
in the majority of such patients. Blood gas studies of 
blood obtained from the internal carotid arteo' Rnd from 
the internal jugular vein, spinal fluid pressures, simul- 
taneous cubital and femoral venous pressures, and clini- 
cal obsen-ations have been made on five consecutive p.n- 
tients having superior vena ca\'al obstruction. 

Dj'spnea and orthopnea were absent in all five patients, 
although venous pressures and spinal fluid pressures as 
high as SO cm. of water were recorded. The cerebral 
blood flow was diminished in some cases and normal in 
others. Stagnation anoxemia, when present, was not ac- 
companied by respiratory sjanptoms. 
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A Method for Detenmn'mg the Miitiiiiol lufeclwe Dose 
of Treponema Pallidum in Experimental Syphilis. By 
Hugh J. Morgan and (I)y invitation) Gkorge P. 
Vkyonis, Nashville, Tenn. 

Our method oflcrs a means of quantitating the dose of 
virus necessary for establishing syphilis in the rabbit. 
At least, one can say how many visible organisms are in 
an inoculum which produces an infection. The results 
so far indicate that a certain minimal number are neces- 
sary before infection will occur. This is a matter of in- 
terest since many experiments in rahbit syphilis are 
based on the assumption that, if any organisms are pres- 
ent, an infection will occur, ^foreover, the method m.ay 
be of some value in considerations of the question of a 
ultramicroscopic virus in syphilis. 

The Combination of Oxygen and Hemoglobin in the 
Blood of Patients zeith Liver Disease. By Akcei. 
Keys (by invitation) and Albert M. Snell, Roches- 
ter, Minn. 

The occurrence of anoxemia in advanced hepatic dis- 


ease has been reported previously, the available evidence 
indicating that ordinary pulmonary and circulatory fac- 
tors arc not responsible. Oxygen dissociation curves of 
the blood, calculated on the basis of an assumed pH, in- 
dicated a displacement of the curve to the right in some 
of these eases. The present study confirms the presence 
of o.\ygcn unsaturation of the arterial blood in advanced 
cirrhosis. A study of the oxygen-hemoglobin combina- 
tion in such eases, with measurement of pH» and pHc of 
the arterial blood as drawn and as equilibrated, shows an 
apparent decreased afiinity of hemoglobin for ox>'gen. 
This decreased affinity persists over a range of from 30 
to 80 per cent saturation and is sufficient to account for 
the observed anoxemia. The presence of hyperbilirubine- 
mia alone is not a factor. 

A study of laked blood, as contrasted to whole blood, in 
these eases, provides the necessary data to discriminate 
between alterations in the hemoglobin itself and abnor- 
malities in the equilibrium across the cell membrane. The 
evidence obtained to date indicates that the hemoglobin 
itself, as in all pathological conditions which have been 
studied, is not physiologically altered. 
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The interesting clinical syndrome produced by 
tumors of the glomic structures in the extremities 
was first described by Masson in 1924 (1) and 
called Iw him, glomus tumors. We have col- 
lected from the literature seventy-four cases of 
this condition (Table I). This condition is easily 

T.\BLE I 


Cases reported 


Author 

Year 

re- 

port- 

ed 

No. 

of 

cases 

Sex 

Location 

Duration 

Masson 

1924 

3 

2 females 

Subungual 

5 to 30 yrs. 




1 male 

Finger 


Martin-Dechaume. . . . 

1925 

2 

Females 

Subungual 

- to 25 yrs. 

Mas5on-Ger>’ 

1927 

4 

3 males 

— 

— 

Prodanoff 

1927 

1 

Male 

Thigh 

n yrs. 

Nicod 

1927 

1 

Female 

Subungual 

4 yrs. 

Bonnet 

192'^ 

1 

Female 

Subungual 

36 yrs. 

Greig 

1928 

2 

Male 

Arm 

10 yrs. 




Female 

Calf 

8 yrs. 

Lortat-Jacob and 






Brosse 

1928 

1 

Female 

Subungual 

16 yrs. 

lanischewski-Lebel . . 

, 1928 

1 

Female 

Finger 

18 yrs. 

nopf 

1930 

4 

2 males 

— 

4 to 16 yrs. 




2 females 



Picard 

1931 

I 

Male 

Subungual 

Long time 

Dupont I 

1931 

2 

1 female 


— 

Fernandez and 






Monserrai 

1931 

1 

Male 

— 

— 

Cascos-Costen 

1932 

1 

Female 

Arm 

10 yrs. 

PauHan. Popescu, 






Marinesco-Slalina. . 

1933 

1 

Female 

Rt. arm 

Long lime 

Adair 

1934 

10 

4 females 

4 subung. 

Av. 9 yrs. 




6 males 



Mason-Weil 

1934 

1 

Male 

Lt. knee 

37 yrs. 

Oughterson 

1934 

1 

— 

Lt. thumb 

— 

Stout 

1935 

11 

6 females 

4 subung. 

1 to 30 yrs. 




5 males 



Bailey 

1935 

7 

— • 

2 subung. 

4 to 20 yrs. 

Love 

1935 

1 

Male 

Lt. elbow 

— 

Lewns-Geschickter . . . 

1935 

17 

10 females 

Arms and 

- to 15 vrs. 




7 males 

legs 




1 /4 cases 




diagnosed by anyone conversant with the condi- 
tion but, according to the experience of Lewis and 
Geschickter (22), the clinical diagnosis is fre- 
quently not made. The recent literature contains 
several e.xcellent clinical and pathological studies 
of the condition (3, 4, 5). We wish to add two 
typical cases with the characteristic S3'iTiptomatol- 
ogy and histological appearance. Our purpose is 
not one to add to the limited number of cases so 
far reported in the literature but to re-emphasize 
the significance of the lesion and particularly to 


record studies in the derangement of the vaso- 
motor mechanism which is one of the outstanding 
characteristics of the disease. The latter has been 
recognized, but its nature has not been carefully 
investigated previously. 

The following two cases have been seen in this 
clinic. 

CASE REPORTS 

Case I, Number 95098, married, white female, aged 64 
3 ’ears; first seen in the surgical clinic on October 23, 

1934. Chief complaint — Injury to the left thumb. Pres- 
ent illness — Caught left thumb in a door this morning. 
She has had a red spot on the volar surface of the thumb 
for twenty-five years. It is very sensitive to the slight- 
est trauma and causes referred pain over the hand and 
up the arm. Physical examination — Negative findings e.x- 
cept for the left thumb. There is no appreciable swelling 
but on the volar surface, distal phalan.x of the left thumb, 
there is a small dark purplish-red area about 1 cm. in 
diameter which is extremely sensitive to touch. There is 
some localized vasodilatation around this area associated 
with increase in surface temperature and local perspira- 
tion. A diagnosis of glomus tumor was made bj' Dr. 
Thornton. She was given 50 mgm. hours of radium un- 
filtered to this area, partly as a therapeutic test to verify 
the diagnosis of glomus tumor. She failed to respond as 
is the rule with this lesion, thus making the diagnosis of 
glomus tumor even more certain. On November 23, a 
local e.xcision of the tumor was made under Evipal anes- 
thesia. Prior to and after excision, temperature readings 
were made of both hands and forearm. Complete relief 
of excruciating pain which had been present on tactile 
stimulation for twenty-five years was obtained by simple 
excision locally of the intact tumor. Histological studies 
revealed the characteristic appearance of a glomus tumor. 

Case II, Number 84682, married, white female, aged 
23 jears, seen in the surgical outpatient on Januarj- 18, 

1935, because of melena. During routine physical e.xam- 
ination, a pea-sized purplish-red, e.xtremely sensitive tu- 
mor was noted on the terminal phalanx of the second left 
digit. It was just under the base of the nail and on its 
inner aspect. She states that it is e.xtremely sensitive to 
touch. She does not remember how long she has noticed 
this lesion, but feels sure it is at least fifteen years. She 
had consulted several physicians in years past regarding 
this pain but had given up hope of relief as the remedies 
suggested were ineffective. The bleeding per rectum w.as 
accounted for on the basis of internal hemorrlionL. On 
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A Method for Deiennimug the Minimal Infective Dose 
of Treponema Pailidum in Experimental Syphilis. By 
Hugh J. Morgan and (by invitation) George P. 
Vryonis, Nashville, Tenn. 

Our method offers a means of quantitating the dose of 
virus necessary for establishing syphilis in the rabbit. 
At least, one can say how many visible organisms arc in 
an inoculum which produces an infection. The results 
so far indicate that a certain minimal number are neces- 
sary before infection will occur. This is a matter of in- 
terest since many experiments in rabbit syphilis are 
based on the assumption that, if any organisms are pres- 
ent, an infection will occur. Moreover, the method may 
be of some value in considerations of the question of a 
ultramicroscopic virus in syphilis. 

The Combination of Oxygen and Hemoglobin in the 
Blood of Patients zuith Liver Disease. By Ancel 
Keys (by invitation) and Albert M. Snell, Roches- 
ter, Minn. 

The occurrence of anoxemia in advanced hepatic dis- 


ease has been reported previously, the available evidence 
indicating that ordinary pulmonary and circulatory fac- 
tors are not responsible. Oxygen dissociation curves of 
the blood, calculated on the basis of an assumed pH, in- 
dicated a displacement of the curve to the right in some 
of these cases. The present study confirms the presence 
of oxygen unsaturation of the arterial blood in advanced 
cirrhosis. A study of the oxygen-hemoglobin combina- 
tion in such cases, with measurement of pHs and pHc of 
the arterial blood as drawn and as equilibrated, shows an 
apparent decreased affinity of hemoglobin for oxygen. 
This decreased affinity persists over a range of from 30 
to 80 per cent saturation and is sufficient to account for 
the observed anoxemia. The presence of hyperbilirubine- 
mia alone is not a factor. 

A study of laked blood, as contrasted to whole blood, in 
these cases, provides the necessary data to discriminate 
between alterations in the hemoglobin itself and abnor- 
malities in the equilibrium across the cell membrane. The 
evidence obtained to date indicates that the hemoglobin 
itself, as in all pathological conditions which have been 
studied, is not physiologically altered. 
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Febriiarj' 15, 1935, excision was performed under gas- 
oxygen. Histological studies revealed tlie cliaracteristic 
appearance of a glomus tumor. 

The clinical pictures of these two cases arc typi- 
cal. The outstanding characteristic of the lesion 
is pain usually of a peculiarly excruciating quality 
produced by the lightest pressure. In both cases 
the patients had had the lesions for years and had 
consulted inaii}^ doctors without obtaining relief. 
In the early years the pain was more localized to 
the site of the lesion or the digit involved but 
later the pain was projected farther up the ex- 



Fig. I. Case 2, Showing the Discoloration of the 
Tumor beneath the Nail of the Index Finger 


tremit}'^ as well. Both patients had noticed an 
increased warmth in the involved region. The 
lesions had the characteristic purplish coloration, 
they were from five to eight mm. in diameter; in 
one case the tumor was on the volar surface of 
the distal phalanx of the thumb, the other one 
was under the nail of the left index finger near its 
base. In the latter case the thickness of the nail 
was definitely diminished over the lesion, its sur- 
face was bulged upward by the tumor and the 
purple discoloration could easily be seen through 
the nail (Figure 1). 


Several authors in discussing the richness of 
nerve fibrils found in the glomus tumors have 
suggested their relationship to the pain on the one 
hand and the vasomotor system on the other, but 
no accurate studies of the vasomotor mechanism 
involved have as yet been recorded. We have 
knowledge of a number of pathological conditions 
which cause abnormal vasoconstriction but those 
which produce vasodilatation arc less well known. 

OBSERVATIONS 

The following procedure was used in both cases 
in recording the vasomotor changes. The tem- 
peratures of several digits and of the forearms 
were taken at five minute intervals ; all readings 
were recorded in the constant temperature room. 
After obtaining a base line in the initial readings, 
both hands were immersed in cold water at 15° C. 
for five minutes. After quickly drying the hands 
without rubbing, the temperature readings were 
resumed and the rate at which the different points 
recovered from the cold was recorded. Similar 
observations were made at various times after op- 
eration. 

The normal response following this standard 
cooling in water is a gradual reheating of the hand 
the speed of which varies somewhat in different 
individuals and according to the physiological con- 
dition of the individual but which is always syn- 
chronous on the two sides. In the presence of a 
glomus tumor, there was regularl}" an asymmetri- 
cal response. Frequently, the initial temperature 
level and the minimum temperature produced by 
cooling were higher on the involved side than on 
the opposite one. But whether or not this was 
true, a very rapid reheating of the hand was al- 
ways observed on the affected side; within ten 
minutes there was a difference of six to eight de- 
grees between the affected hand and the imin- 
volved one. Also, it was noted that this evidence 
of vasodilatation was not limited to the affected 
digit nor to any peripheral nerve field but covered 
the entire band. Thus in both cases the palmar 
surface of the fifth finger (ulnar nerve) re- 
sponded in practically the same manner as the 
involved and contiguous digit (median nerve). 
After the removal of the glomus tumor, the ab- 
normal vasodilatation eventually disappeared com- 
pletely as measured by the response to this stand- 
ard test and the two sides became symmetrical as 
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Fig. 6. Case II (F. M.). Temperature Readings Taken prior to Operation 
The changes are similar to those recorded in Case I. The lesion is located on the left index finger but here 
again, the fifth digit presents the striking vasomotor changes. 




Fig. 7. Case II (F. M.) 

Almost two months after removal of the tumor, there is still evident the disturbance in the vaso- 
motor mechanism. The patient still complained of a dull ache over the scar, and there was sliaht ten 
dcrncss to pressure. 
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Fig. 4. Case I (B. F.). Temperature Readings Taken Three Weeks after Operation 
The vasomotor disturbance is still present. At this time, the patient still had a dull ache over the scar and 
there was slight tenderness to pressure. These temperature changes lasted for about three months at which time 
all symptoms had completely disappeared. 




Fig. 5. Case I (B. F.). Te.mperature Changes Taken Three AIonths after Operation Show- 
ing A Uniforji Recovery on Both Sides 
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Fig. 10. Photograph of Casf. II 

There is noted some thinning out of the shaft on the left index finger due to local pressure but no generalized 
changes that usuall.v accompanies painful osteoporosis. 

any tendency towards a spotty osteoporosis sucli 
as characterize reflex traumatic arthritis. This 
same observation tliat persistent dermal vasodila- 
tation fails to produce osteoporosis has also been 
made in erythromelalgia by one of the authors 
with Dr. J. J. Morton. These considerations in- 
dicate either a dissociation of vasodilatation in the 
skin and in the underlying bone, or that vasodila- 
tation is not a sufiflcient cause in and of itself to 
produce osteoporosis (Figures 9 and 10), 

CONCLUSIONS 

1. Two typical cases of glomus tumor are 
added to those already collected, and the impor- 
tance of diagnosing this condition is reempha- 
sized. 

2. Studies of the vasomotor mechanism in- 
volved are recorded. The eft'erent side of the re- 
flex is not limited to the peripheral nerve distribu- 
tion of origin. Tlie vasodilatation associated with 


the tumors completely disappears after surgical 
removal. 

3. The persistence of the vasodilatation for two 
to three months associated with discomfort in the 
scar suggests that pain acts as the afferent stimu- 
lus which produces the characteristic vasodilata- 
tion. 
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It is well established that normal men and 
women excrete estrogenic and androgenic sub- 
stances in the urine. Qualitatively speaking, it 
is also well established that at least a part of the 
androgenic activity in men’s urine is due to an- 
drosterone and dehydro-androsterone (1, 2, 3), 
but we do not know the exact chemical nature of 
the androgenic material in women’s urine. Fur- 
thermore, we do not know the true chemical na- 
ture of the estrogenic substances found in the 
urine of normal men and non-pregnant normal 
women. Comparative biological and chemical 
studies by Dorfman, Gallagher and Koch (4) in- 
dicate that the estrogenic activity of men’s urine 
is not theelol but very likely theelin. 

Quantitative information on the distribution of 
these activities in adult human urine is even less 
satisfactory. In most cases the extractions have 
been incomplete, and the assays are based on too 
few animals or have not been properly compared 
with pure standards. The brief review below re- 
veals the striking extremes reported thus far and 
the impossibility of interpreting most of the data 
in terms of common standards of known purity. 

Funk and Harrow (S) employed concentrated 
alcoholic extracts from concentrated human 
urines and concluded that the urines from men 70 
to 80 years of age do not contain enough andro- 
genic material to be detected by the comb-growth 
method. Siebke (6) reported the daily excretion 
of 0 to 1 capon unit of androgens in young wom- 
en’s urine and that it requires 2.5 to 10 liters to 
yield 1 capon unit. He did not acidify the urine, 
and his extraction probably was very incomplete. 
Ogata and Ito (7) from studies by chloroform 
extraction of urine concluded that the excretion 
in normal man varies with the season. Biihler 
(8) prepared benzene extracts of the alkaline 
urine. He reports daily excretions of 0 to 2 

^ These investigations were supported in part by a 
grant from the Rockefeller Foundation. 


capon units in normal men. His capon unit is 
approximately equal to 0.75 international andro- 
genic unit or 0.075 mgm. of androsterone. Two 
recent studies give much higher yields on normal 
individuals. A study by Simpson, de Fremery, 
and Macbeth (9) by chloroform extraction re- 
ports the excretion of 10 to 50 capon units, equiva- 
lent to approximately 7 to 35 international ca- 
pon units per day in normal women, but that 
the fluctuations bear no relation to menstruation. 
Kochakian (10) employed a modification of the 
method of Funk and Harrow (5). He reports 
the excretion of 19 to 48 international capon units 
per day in normal men. 

There is somewhat better agreement on the 
daily excretion of estrogenic activity in women, 
but practically no data on the excretion in men. 
Siebke (6) first reported 0 to 180 mouse units 
per liter of women’s urine throughout the cycle. 
From studies on eight nonnal women he con- 
cluded that there is a low excretion previous to 
and during menstruation. Later Siebke (11) re- 
ported 10 to 140 mouse units of estrogenic activity 
per liter of urine in women with a distinct rise 
between the 10th to the I5th day of the cycle. 
Frank (12) reported 20 to 320 mouse units per 
day with peaks at 12 to 15 days after the onset of 
menstruation and 4 to 8 days before the next 
bleeding. Biihler (8) reported 10 to 60 mouse 
units per day in normal men. Gustavson and 
Green (13) and Smith and Smith (14) also re- 
port two peaks in the excretion of estrogenic ac- 
tivity in women during the menstrual cycle. The 
former find 0 to 50 rat units per day with peak.s 
at the 9th to 14th day and the 14th to 2Ist <lay 
after menstruation. Smith and Smith (14) re- 
cord the peaks at 12 to 17 days after menstruation 
and during menstruation. 

In this paper we present our methods of c.k- 
traction and assay in detail and the results on four 
normal men and four nonnal women for 27 to 45 
consecutive days. The male urine was collected 
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in three-day samples with a few exceptions. The 
women’s urine was collected in two-day periods 
during the cycle excepting during menstruation 
when it was collected as one sample. The women 
were found to be normal individuals by Dr. M. E. 
Davis of the Department of Obstetrics and Gyne- 
cology, University of Chicago. 

EXPERIMENTAL 

Methods. The evidence that our extraction of urine is 
complete is shown by Gallagher, Koch and Dorfman 

(15) and has also been confirmed repeatedly in our sub- 
sequent studies. The quantitative value of the male- 
hormone assay by the comb-growth method on the basis 
of the characteristic curve found by Gallagher and Koch 

(16) is also well established as a result of numerous 
quantitative studies. The estrogenic assay, in our opin- 
ion, is by no means as satisfactory because of the greater 
individual animal variations and the necessary limitation 
to the use of no more than ten spayed rats for each as- 
say on account of the lack of material for injection. 

Extractor. The special features of the extractor are 
the very rapid distillation of the benzene, the very fine 
division of the benzene, and the long column of urine 
through which the benzene rises. The condenser is very 
efficient because it is cooled by a current of water 
through the jacket and through the four inner tubes. 
These special features make the extraction very efficient 
and rapid. In place of Wood’s metal, one may use a 
SO : SO mixture of lead and tin. The total height of the 
apparatus is eleven feet. 

Extraction of androgenic and estrogenic activities from 
urine. The 24-hour or larger sample of urine is acidified 
by the addition of 100 cc. concentrated commercial HQ 
per liter of urine. After being boiled for IS minutes un- 
der a reflux condenser and cooled, the urine is extracted 
in the special extractor with benzene until it has been 
contacted with at least twelve volumes of benzene. 
(Originally we boiled the urine- 1 to 2 hours, but we now 
recommend 15 minutes because the yield of androgenic 
material is increased approximately by an average of 66 
per cent (17).) 

If the amount to be extracted is not greater than the 
capacity of the extractor (2000 to 2500 cc., depending on 
the extractor), the urine is transferred to the extractor, 
filling it to the mark 10 inches below the inlet (for 
smaller samples, water may be added to bring it to the 
mark), then enough benzene added at the urine inlet just 
to fill the U-tube connection to the flask. About 500 cc. 
of benzene are transferred to the flask which is connected 
with the apparatus. The benzene is heated to boiling, 
but it should be observed that when the benzene first be- 
gins to boil vigoroushq there is some danger of flooding 
the condenser. If this happens, the hot plate should be 
lowered momentarily, then raised again and adjusted to 
a constant rate of boiling. After the boiling has con- 
tinued for at least one hour, the rate at which benzene 


is distilled over is determined by collecting the benzene 
from the small side-tube at the right-hand side. The rate 
of distillation should be 100 to 140 cc. per minute. The 
benzene collected in determining the rate should be re- 
turned at the urine inlet after closing the side tube. Af- 
ter the rate has been determined, the extraction is con- 
tinued until at least twelve volumes of benzene per vol- 
ume of urine have been passed through the urine. In the 
early part of the extraction, an emulsion may form at the 
surface of the urine. If this happens, the hot plate under 
the flask should be lowered for about one-half hour or 
until the emulsion is broken. If the emulsion persists, a 
small amount of saturated salt solution should be added 
at the urine inlet and allowed to stand for another half 
hour. If this fails, a few cc. of a 3 per cent solution of 
sodium glycocholate should succeed in breaking the emul- 
sion. 

If a continuous flow of urine is being extracted, the 
rate of introduction of urine at the inlet and the outflow 
at a constant level at the outlet must be so regulated that 
the urine is introduced at one-twelfth the rate of distilla- 
tion of the benzene. 

The benzene extract is evaporated to a viscid oil on 
the water bath or in a flask under diminished pressure to 
hasten evaporation. If this is attempted on a hot plate, 
there is danger of overheating. The oil is next dissolved 
in 50 cc. of ether and quantitatively transferred to a 
2S0-CC. separatory funnel with three washings of ether of 
15 CC. each. The ether solution is then shaken with three 
changes of 20 cc. of a saturated aqueous solution of so- 
dium bicarbonate. The ether layer is quantitatively re- 
covered. The aqueous phase is discarded. If it is not 
desired to separate the male and female hormones, the 
ether solution may be evaporated to the viscid oil stage, 
taken up in 95 per cent alcohol, filtered through paper 
into a 25- or 50-cc. volumetric flask, and diluted to the 
mark by washing through the filter with 95 per cent alco- 
hol. Parts of this alcoholic stock solution are used for 
the assay as indicated under Assay for estrogenic activity 
below. It is better, however, to separate the androgenic 
and estrogenic activities before conducting either assay. 

Separation of the androgenic and estrogenic hormones. 
The ether solution is shaken ten times with 50-cc. lots of 
10 per cent NaOH in water, combined, and the NaOH 
washings saved. Then the ether layer is washed once by 
shaking with 15 cc. of 10 per cent H;S 04 and washed 
again four times with 15-cc. volumes of distilled water. 
The acid and water washings are discarded. The com- 
bined alkaline-aqueous solution contains the estrogenic 
material; the ether layer retains the androgenic hormone. 
To recover the estrogenic substances, the alkaline-aque- 
ous solution is acidified with 160 cc. 8 N H-SO,, allowed 
to cool, and tested with litmus to be certain that it is 
acid. The acidified aqueous solution is extracted wit 
150-, 100-, 75- and SO-cc. portions of ether. The aqueous 
acid solution is discarded. The combined ether extracts 
are shaken four times with 50-cc. portions of water. 
The ether layer is evaporated on a water or steam bat 
to a viscid oil. To remove the traces of water, about 
cc. alcohol are added and the extract re-evaporated on a 
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(17). If, on the basis of other observations, we 
assume that 15-minute acid hydrolysis at boiling 
temperature before extraction would have in- 
creased the yield of androgenic activity by 66 per 
cent over the 2-hour boiling, the average values 
would be 63 to 69 international androgenic units, 
or the equivalent of 6.3 to 6.9 mgm. of andro- 
sterone per day. 

The daily excretion of estrogenic material, ex- 
pressed as theelin, varies from 2 to 29 gamma in 
the entire male group and even in one individual. 


The average theelin values range from 9 to 12 
gamma per day. 

The rates of excretion of the androgenic and 
estrogenic activities bear no relation to each other. 
This is very well illustrated by the marked varia- 
tions in the ratios obtained by dividing the andro- 
genic units by the gamma of theelin per day. 
These are given as An/Es in Table II. However, 
the average values for the ratio are again remark- 
ably constant, ranging from 3.3 to 4.6 on the 
2-hour boiling treatment. If calculated on the 





Fig. 2. The Excretion of Androgenic and Estrogenic Substances in the Urine of Four Normal Men for 

Periods of Six Weeks Each 
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hot'Watcr balh under diminished pressure (cautiously, to 
avoid loss due to foaming). The sample is made up to 
25 or 50 cc. in a volumetric flask with 95 per cent alcohol. 
The solution is filtered while making up to volume. 
This serves as the stock solution for assay purposes. 
Aliquot parts are added to the desired volume of sesame 
or olive oil and the mixture heated under diminished 
pressure by immersion in a water bath until the alcohol 
is removed. 

The ether layer containing the androgenic hormone is 
likewise evaporated and the residue dissolved in 95 per 
cent alcohol and made up to volume. A part or the whole 
may be dissolved in olive oil of desired volume. 

Assay for the estrogenic activity. If the adult spayed 
albino rats have not been used for assay for two weeks 
previously, they must first be primed with a dose of 0.88 
to 2.0 gamma theelin or the equivalent of estrogenic 
material ten days to two weeks before injection with the 
unknown preparation. The dose injected is always con- 
tained in 0.5 cc. of olive oil. Ten such primed rats are 
injected with 0.88 to 2.0 gamma of the standard theelin 
preparation and at the same time ten more are injected 
with the unknown preparation. Vaginal smears are made 
42, 46 and 52 hours after the time of injection, examined 
under' low power (100 X), and the character of each 
recorded. The test is considered positive when the smear 
is free from leukocytes and contains aggregates of non- 
nucleated epithelial cells. From the percentage of ani- 
mals showing a positive reaction, the concentration of 
estrogenic units is read from the standard curve of 
D’Amour and Gustavson (18) in terms of gamma of 
theelin as compared with the standard run in parallel. 

Assay of androgenic activity. The androgenic activity 
of the alkali-insoluble fraction is determined by the 
method of Gallagher and Koch (16). Briefly, it consists 
of injecting seven capons daily for five days with 1 cc. 
each of the unknown in oil. The length and height of 
the combs are measured on the first and sixth day and 
the average total growth obtained. A standard contain- 
ing 100 gamma of androsterone or its equivalent is as- 
sayed in parallel with the unknowns using the same num- 
ber of capons. Since the growth obtained is a function 
of the initial comb-length, the average initial comb- 
length of the capons receiving the unknown preparations 
is corrected to the average initial comb-length of those 
receiving the standard preparation. For each millimeter 
difference in initial comb-length from the standard, there 
is a 0.2 mm. difference in total growth obtained on each 
unknown. Then, according to the curve obtained by 
Gallagher and Koch (16), the total capon units are de- 
termined. In place of the curve. Table I may be found 
more convenient for the calculation of the unknowns in 
terms of the standard. The footnote to the table illus- 
trates the method of calculation. 

DISCUSSION OF THE RESULTS 

Male urine. The results on the four men are 
given in Figure 2 and Table II. The irregular 


TABLE I 

Relation of increase in L + H of capon comb 
to IIWOO cc. of preparation OSH 

(From Gallagher and Koch standard curve, J. 
Pharmacol, and Exper. Therap., 1936, 55, 111) 


Comb- 
Rrowth 
L -f H 

(?SH 

0.001 

cc. 

Comb- 

KTOWth 

L +H 

fiSH 

0.001 

cc. 

Comb- 

RTOWth 

L -f H 

OSH 

0.001 

cc. 

Comb- 
growth 
L -bH 

flSH 

0.001 

cc. 

mm. 


mm. 


mm. 


mm. 


0.5 

0.30 

3.5 

4.30 

6.5 

10.81 

9.5 

19.55 

0.6 

0.38 

3.6 

4.51 

6.6 

11.08 

9.6 

19.94 

0.7 

0.45 

3.7 

4.70 

6.7 

11.30 

9.7 

20.30 

0.8 

0.51 

3.8 

4.91 

6.8 

11.55 

9.8 

20.70 

0.9 

0.60 

3.9 

5.11 

6.9 

11.80 

9.9 

21.08 

1.0 

0.67 

4.0 

5.31 

7.0 

12.00 

10.0 

21.48 

1.1 

0.75 

4.1 

5.54 

7.1 

12.28 

10.1 

21.90 

1.2 

0.85 

4.2 

5.75 

7.2 

12.53 

10.2 

22.30 

1.3 

0.95 

4.3 

5.95 1 

7.3 

12.80 1 

10.3 

22.75 

1.4 

1.05 

4.4 

6.15 

7.4 

13.05 

10.4 

23.20 

1.5 

1.15 

4.5 

6.40 

7.5 

13.33 

10.5 

23.65 

1.6 

1.27 

4.6 

6.60 

7.6 

13.60 

10.6 

24.12 

1.7 

1.40 

4.7 

6.80 

7.7 

13.88 

10.7 

24.60 

1.8 

1.51 

4.8 

7.00 

7.8 

14.14 

10.8 

25.10 

1.9 

1.61 

4.9 

7.22 

7.9 

14.41 

10.9 

25.64 

2.0 

1.74 

5.0 

7.45 

8.0 

14.70 

11.0 

26.15 

2.1 

1.87 

5.1 

7.78 

8.1 

15.00 

11.1 

26.68 

2.2 

2.01 

5.2 

7.90 

8.2 

15.30 

11.2 

27.25 

2.3 

' 2.20 

5.3 

8.10 

' 8.3 

15.60 

11.3 

27.81 

2.4 

2.31 

5.4 

8.31 

8.4 

15.90 

11.4 

28.40 

2.5 

2.49 

5.5 

8.54 

8.5 

16.21 

11.5 

29.02 

2.6 

2.64 

5.6 

8.76 

8.6 

16.54 

11.6 

29.68 

2.7 

2.80 

5.7 

8.98 

8.7 

16.85 

11.7 

30.35 

2.8 

3.00 

5.8 

9.20 

8.8 

17.18 

11.8 

31.05 

2.9 

3.15 

5.9 

9.41 

8.9 

17.50 

11.9 

31.75 

3.0 

3.35 

6.0 

9.68 

9.0 

17.80 



3.1 

3.54 

6.1 

9.89 

9.1 

18.18 



3.2 

3.74 

6.2 

10.11 

9.2 

18.50 



3.3 

3.95 

6.3 

10.37 

9.3 

18.85 



3.4 

4.11 

6.4 

10.60 

9.4 

19.20 




Examph: Suppose the standard preparation containing 
1 international unit of male hormone (the equivalent of 
100 gamma androsterone) per cc. gave an L -h H value of 
4.7 and your unknown, after correction to the same average 
initial comb-length as your standard used in parallel, gave 
an L -j- H value of 4.0. Then, since the equivalents m 
terms of 0.001 cc. 0SH are 6.8 and 5.31 respectively, it 
follows that the unknown contains 5.31/6.8 or 0.78 inter- 
national male hormone unit per cc. 

excretion of androgens is very striking, ranging 
from 13 to 69 international units per day. In 
only one of the men, Subject 1, is there a sugges- 
tion of a cycle. In spite of these irregularities, 
the average daily excretion for the four men is 
remarkably constant, ranging from 38 to 41 inter- 
national units. It should be noted that these val- 
ues were obtained after 2 hours’ acid hydrolysis 
of the urine at boiling temperature. Undoubt- 
edly, all these values would have been appreciably 
higher by our latest modification of hydrolysis 
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Fig. 3. The Excretion of Androgenic and Estrogenic Substances in the Urine of Four Normal Women 

THROUGHOUT THE MENSTRUAL CVCLE 


nitely established that hormone concentrates from 
testis tissue contain estrogenic material, the evi- 
dence for androgenic material in ovarian extracts 
is not so well established. Nevertheless, there is 
considerable evidence that comb-growth in the 
hen or pullet is due to an androgenic substance 
and that this probably comes from the ovarian 
medulla (19). Pure estrogenic substances do not 
cause comb-growth in the hen but pure androgens 
do. It is also possible that a number of andro- 
genic and estrogenic materials may be formed in 
the metabolism of hypothetical common precur- 
sors for androgens and estrogens. This ma)-^ in- 


volve not only the normal or abnormal processes 
in the gonads, but also normal or pathological 
metabolism of sterols or other intermediates in 
the suprarenals and liver. That the suprarenal 
may be involved is suggested by the findings of 
Frank (20) and the authors (21) as well as by 
the oxidative degradation studies on one of the 
crystalline compounds isolated from the adrenal 
cortex (22, 23). To what extent our food con- 
tains sex hormones or precursors easily metab- 
olized to active waste products remains to be seen. 
However, this source is not a veiy significant one 
directly, because castrates excrete onl}' vciy small 



700 


GALLAGHER, PETERSON, DORFMAN, KENYON AND KOCH 


TABLE n 

The daily vrivary cxcrelion of avdroncmc and 
estrogenic activities by four normal men* 

(The urine of these subjects was boiled for 2 hours 
before extraction) 


Subject 1, 
ago 27 years 

Subject 2, 
age 20 years 

Subject 3, 
ago 30 years 

Subject 4, 
age 35 years 

Days 

An 

Es 

An 

Es 

Days 

An 

Es 

An 

Efl 

Days 

An 

Es 

An 

Eg 

Days 

An 

Es 

An 

Es 

3 

25 

10 

3 

3 

40 

6 

8 

3 

30 

12 

3 

2 

25 

8 

3 

3 

39 

8 

6 

3 

28 

10 

3 

3 

37 

10 

4 

3 

on 

10 

4 

3 

50 

4 

12 

3 

27 

2 

14 

3 

45 

10 

6 

3 

25 

6 

6 

3 

34 

10 

3 

3 

37 

18 

2 

3 

52 

26 

2 

3 

38 

13 

3 

3 

3B 

8 

5 

3 

32 

2 

10 

3 

42 

10 

4 

3 

23 

10 

2 

3 

24 

8 

3 

3 

05 

3 

22 

3 

24 

4 

6 

3 

58 

11 

5 

3 

33 

S 

7 

3 

20 

2 

10 

3 

79 

14 

0 

3 

05 

11 

6 

3 

37 

6 

8 

3 

41 

20 

2 

3 

49 

10 

5 

3 

42 

10 

4 

3 

45 

10 

5 

3 

63 

3 

18 

4 

41 

11 

4 

3 

41 

10 

3 

3 

48 

5 

10 

3 

30 

2 

18 

4 

36 

2 

18 

3 

31 

10 

3 

3 

03 

18 

4 

3 

62 

18 

3 

3 

44 

2 

22 

4 

30 

21 

2 

3 

38 

10 

4 

3 

lost 



3 

40 

29 

1 

3 

34 

10 

3 

3 

34 

10 

3 

3 

46 

18 

3 

3 

lost 







3 

29 

9 

3 

3 

62 

8 

8 

3 

13 

14 

1 





Average 
















values 

38 

9 

4.2 


41 

9 

4.6 


41 

10 

4.1 


40 

12 

3.3 


*“An’’ designates international androgenic units per 
day. “Es” designates estrogenic activity as gamma of 
theelin per day. 


basis of the 15-minute boiling process, these ratios 
are raised to range from 5.5 to 7.6 (Table IV). 

Women’s urine. The results on the four 
women are given in Figure 3 and Table III. The 
urines from Subjects 1, 2 and 3 were hydrolyzed 
by the 2-hour process, but in the case of Subject 
4 the more reliable 15-minute boiling procedure 
was used. The increase in yield of androgens by 
the 15-minute process in Subject 4 as compared 
with the longer period of hydrolysis in Subjects 
1, 2 and 3 is very striking and is confirmed by 
control experiments on many other studies on 
women’s urine. In Subjects 1, 2 and 3, the an- 
drogenic units excreted per day range from 13 to 
46 and again the same range holds for one indi- 
vidual. In Subject 4 the excretion is more con- 
stant, ranging from 42 to 85. The average values 
for the women are again very constant if calcu- 
lated on the same basis (Table IV). They are, 
however, distinctly lower than the averages for 
men. A more extended series will be necessary 
for the perfectly satisfactory establishment of this 
sexual difference. 

The daily excretion of estrogenic material ex- 
pressed as theelin in the women ranges from 4 
to 60 gamma. The average daily excretion on the 
four subjects varied from 18 to 27 gamma of 
theelin. Figure 2 shows that, although our estro- 


genic assays may not have been as accurate as 
desired, there is a suggestion of two peaks during 
the cycle, one at 7 to 15 days after the onset of 
menstruation, and one at 6 to 12 days before the 
onset of the next menstrual period. In each case 
the excretion rate is lowest during menstruation. 
Our findings thus confinn the results reported by 
Gustavson and Green (13) and Frank (12). 
The significance of the peaks in the excretion of 
estrogens in women cannot be fully analyzed at 
the present time because of our incomplete knowl- 
edge on the changes in concentration of estrogens 
in blood and the relation thereof to ovarian-fol- 
licle and corpus-Iuteum formation and degenera- 
tion. 

In women as in men the rates of exeretion of 

androgenic and estrogenic substances in the urine 

bear no relation to each other. From Tables III 

/ 

and IV it is seen that the An/Es ratio is lower in 
women than in men. By the 2-hour boiling pro- 
cedure this ratio ranges from 0.3 to 7, whereas in 
men it varied from 1 to 22. The average values 
of the ratio for these normal women ranges from 
1.2 to 2.8 and 0.72 to 1.7 for the 15-minute and 
2-hour boiling procedures respectively. 

The source of these urinary hormones is, of 
course, of interest when we consider that both 
sexes excrete both types. Although it is defi- 

TABLE III 

The daily urinary excretion of androgenic and 
estrogenic activities by four normal women* 

(The urine of Subject 4 was hydrolyzed for IS 
minutes, the others for 2 hours) 


Subject 1, 
age 34 years 

Subject 2, 
age 31 years 

Subject 3, 
age ^ years 

Subject 4, 
age 23 years 

Days 

An 

Es 

An 

Es 

Days 

An 

Es 

An 

Es 

Days 

An 

Es 

t?j|> 

CO 

Days 

An 

Es 

An 

5 

22 

7 

3 

3 

20 

44 

0.5 

2 

22 

5 

4 

2 

70 

21 

3 

2 

42 

31 

1 

2 

35 

38 

1.0 

2 

13 

5 

3 

5 

45 

4 

11 

2 

21 

25 

1 

2 

30 

22 

1 

2 

28 

10 

3 

2 

45 

8 

6 

2 

31 

28 

1 

2 

18 

53 

0.5 

2 

30 

21 

2 

2 

45 

8 

6 

2 

20 

18 

2 

2 

27 

30 

1.0 

2 

19 

9 

2 

2 

42 

11 

4 

2 

23 

21 

1 

2 

27 

30 

1.0 

2 

22 

25 

1 

2 

49 

28 

2 

2 

19 

40 

0.5 

2 

26 

60 

0.5 

2 

42 

21 

2 

2 

lost 



2 

20 

35 

0.5 

2 

28 

40 

0,5 

2 

16 

16 

1 

2 

SO 

2t) 

2 

2 

22 

30 

0.5 

2 

25 

40 

0.5 

2 

40 

22 

2 

2 

53 

16 


2 

17 

34 

0.5 

2 

26 

40 

0.5 

2 

lost 



2 

60 

16 


2 

lost 



2 

18 

18 

1 

2 

23 

27 

1 

2 

63 

41 


2 

25 

30 

1.0 

7 

26 

13 

2 

2 

36 

18 

2 

2 

bb 

32 










2 

29 

28 

1 

2 

85 

28 

3 









2 

20 

10 

2 

2 

68 

24 

3 









2 

24 

22 

1 






Average 

values 

25 

27 

0.93 


26 

36 

0.72 


28 

18 

1.6 


56 

20 

2.8 


*“An” designates international androgenic units per 
day. “Es” designates estrogenic activity as gamma o 
theelin per day. 
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TABLE XV 

A summary of the average values from Tables II and III* 


Men 


Women 


Subject 

An'5 

An'-” 

Es 

An'* 

Es 

An'K 

Es 

Sub- 

ject 

An» 

An'« 

Es 

An*‘ 

Es 

An'» 

Es 

1 

63i 


38 

9 

7.0 

4.2 

1 

421 


25 

27 

1.6 

0.9 

2 

68- 


41 

9 

7.6 

4.6 

2 

43- 


26 

36 

1.2 

0.7 

3 

68- 


41 

10 

6.8 

4.1 

3 

47- 


28 

18 

2.5 

1.5 

4 

661 


40 

12 

5.5 

3.3 

4 

56 


34t 

20 

2.8 

1.7 

Average 



6.9 

4.1 





2.0 

1.2 


*‘‘An'®” designates the international androgenic units 
per day by the 15-minute boiling procedure. 

"An*-'’” the same by the 2-hour boiling-procedure. 

"Es” designates the estrogenic activity as gamma of 
theelin per day. 

t These values are calculated on the assumption that 
the yield of androgenic activity is increased by 66 per cent 
over the 2-hour hydrolysis if boiled 15 minutes instead. 


amounts of these hormones. Even if foods did 
contain small amounts of these substances, their 
incomplete absorption probably would eliminate 
this factor as a significant source. 

The fluctuations in the urinary excretion of 
these hormones in normal men and women should 
sei've as a warning to all of us not to place too 
much emphasis on the assays of one or two 24- 
hour samples from one individual. 


SUMMARY 

1. A quaixtitative method for the extraction of 
androgenic and estrogenic materials from urine 
is given in detail. 

2. This method has been applied on the urines 
of four normal men and four normal women over 
a continuous period of 39 to 45 days for the men 
and over a complete menstrual cycle for the 
women. 

3. There are marked fluctuations in the daily 
urinary excretion of androgens and estrogens in 
normal men and women. 

4. There is no definite evidence of a monthly 
cycle in the excretion of either androgens or 
estrogens in normal men. In normal women the 
excretion of estrogens is characteristically low 
during the menstrual flow and rises during the 
intermenstruum with a double peak in certain in- 
stances. 

5. The average daily excretions of androgens 
obtained by our best methods of hydrolysis and 
extraction are 63 to 68 units for the men studied 


and 42 to 56 units for the women studied, cal- 
culated as international androgen units. Our 
women, therefore, excreted two-thirds as much 
androgenic material as our men. An extended 
scries is desirable to establish further such a dif- 
ference between the sexes. 

6. The average daily excretions of estrogens, 
calculated as gammas of theelin, are 9 to 12 gam- 
mas for men and 18 to 36 gammas for women. 

7 . The rates of excretion of androgenic and 
estrogenic substances do not seem to bear any re- 
lation to each other in either sex. 

8. On the basis of the best known methods of 
hydrolysis and extraction, the ratios obtained by 
dividing the international androgenic units ex- 
creted per day by the gammas of theelin excreted 
per day vary considerably for the same individual. 
The average values for the eight subjects ranged 
from 5.5 to 7.6 for men and 1.2 to 2.8 for women. 

ADDENDUM 

Since this paper was written an important con- 
tribution by Dingemanse, Borchardt and Laqueur 
(24) has appeared in which the usual male hor- 
mone values for the urine of normal men up to 
the age of 40 are given as 40 to 50 international 
units per liter. Aged men excreted from 5 to 40 
units per liter. These workers differ from us in 
obtaining no essential difference between men and 
women. A one and one-half month study of one 
normal man gives no evidence of cycle, in agree- 
ment with our own observations. In one normal 
woman studied through a cycle there was a slight 
rise in the excretion of androgenic substances 
post-menstrually. Small amounts of androgenic 
material were found consistently in the urine of 
children. 
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The comparison of the excretion of male and 
female hormone-like substances with the clinical 
expressions of disease may be expected to teach 
us the extent to which studies of the urine reveal 
the changing functions of the gonads and may 
help to illuminate the difficult pathological physi- 
ology of such obscure processes as virilism and 
gynecomastia. As a step in this direction we are 
presenting data on castration in the male, eunuch- 
oidism, hypopituitarism, bilateral cryptorchidism 
without alteration in secondary sex characters, 
gynecomastia, precocious puberty and virilism. 

The assays were conducted according to the 
technique of Gallagher, Koch and Dorfman (1) 
as outlined in the preceding paper dealing with 
the normal (2). In all cases complete urine col- 
lections were secured through a number of days. 
During the bulk of the work the acidified urine 
was boiled for two hours to insure the maximum 
yield of estrogenic material. When it was learned 
that briefer boiling gives measurably higher val- 
ues for male hormone than either boiling for two 
hours or none at all, this procedure was intro- 
duced in a few instances. The urine was then 
extracted with benzene in a continuous extractor, 
the benzene distilled off and the residue distrib- 
uted between ether and 10 per cent aqueous so- 
dium hydroxide. Ninety-five per cent of the 
estrogenic material passes into the alkali and none 
of the androgenic. The androgenic fraction %vas 
assayed on from four to seven capons according 
to the technique of Gallagher and Koch (3) and 
the estrogenic fraction on ten spayed adult female 
rats, according to the vaginal spread technique of 
D ’Amour and Gustavson (4). As emphasized in 
the preceding paper, rigid comparisons were al- 
ways made with standard preparations to permit 
control of the inevitable variations in the animal 


^ These investigations were supported in part by a 
grant from the Rockefeller Foundation. 


colonies and the environment. The values for 
male hormone are expressed in the newly adopted 
international unit, each unit representing the ac- 
tivity equivalent to that of 0.1 mgm. of andro- 
sterone. The values for estrogenic material are 
expressed in y of theelin (0.001 mgm. or 10 inter- 
national estrogenic units). 

It must not be supposed that our assays esti- 
mate single pure substances. Both androsterone 
and dehydroandrosterone have been shown to be 
constituents of the comb-gro\vth stimulating mix- 
ture in urine, and both theelin (oestrone) and 
theelol (oestriol) are probably present. Quite 
possibly some of the many known relatives of 
these may in time be identified in urine. The sug- 
gestion of Deanesly and Parkes (5) that some of 
the estrogenic activity in male urine is due to de- 
hydroandrosterone is not applicable to our data 
because this substance will not pass into the alka- 
line fraction on which the female assays are made. 
No attempts have been made in our studies to 
determine separately the estrogenic activity ex- 
tractable from fresh urine and that larger amount 
extractable from hydrolyzed urine although use- 
ful information may well be secured in this way, 
as in Cohen and Marrian’s studies of pregnancy. 
Our observations are of “ total estrogens.” 

I. HYPOGONADISM IN THE MALE 
A. Castration 

The castrated individual provides the proper 
base line for all studies on the excretion of sex 
hormones. In the absence of the gonads the con- 
tinued presence of such material in the urine must 
be attributed either to some other organ or to the 
food. McCullagh and Renshaw (6) found no 
comb-growth promoting material in the chloro- 
form extracts of the urine of eleven eunuchs. Of 
these, seven were 50 years of age or more, an age 
group in which it has been claimed but not sub- 
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age 56. The patient was obese and effeminate and had 
large breasts. At the age of 19 he had supposedly been 
castrated because of infection following a bilateral op- 
eration for undescended testicles. A complete collection 
of urine amounting to 20.2 liters was secured. 

Traces only of androgenic and estrogenic mate- 
rial were present in the urine (Table I). This is 
in accord with the view that the bulk of the 
hormone-like constituents of male urine are of 
gonadal origin and suggests that traces may come 
from elsewhere. These studies, however, must 
be extended as suitable material presents itself. 

B. Eunuchoidism — Hypopituitarism 

Seven men studied represent that form of hy- 
pogonadism known as eunuchoidism since the 
earl}^ descriptions of Tandler and Grosz (31). 
While commonly recognized, the syndrome has 
received little attention in the American literature. 
It is characterized by hypoplasia of the genitalia 
and their accessories with impairment of the 
mechanism of ejaculation, retardation in develop- 
ment of the secondary sex characters, delay in 
closure of the epiphyses of the long bones, and 
absence of obvious constitutional disturbance. 
While presumably a wide variety of agents in- 
juring the testes or the pituitary body may cause 
the syndrome, one usually cannot find clear indi- 
cations of them. If defect in the pituitary is re- 
sponsible, the gonadotropic properties must alone 
be involved. The most detailed pathological study 
available, that of Altmann (9), certainly has dis- 
closed no considerable pituitary lesion, and the 
variety and inconsistency of the microscopic find- 
ings leaves one much in the air as to the role of 
this organ. Such attempts as we and others (10, 
11) have made to find excessive prolan in the 
urine have failed, but we hesitate to make too 
much of this as proof of primary responsibility 
of the hypophysis. 

No studies have been made to our knowledge 
of the excretion of male and female hormones in 
this syndrome. A more detailed clinical study of 
these people will be reported subsequently. 

N. T. {Rcjcrrcd by Dr. I. Becker) ^University of 
Chicago Clittics number 87890), age 26. The patient 
was of normal height and weight with scant pubic and 
axillarj' hair, and only a slight fuzz on the upper lip. 
The laryngeal prominence was absent and the voice boy- 


ish. The testes were small, measuring 2.7 X 1.7 X 1.3 
cm., the epididymides small and the rudimentary prostate, 
barely detectable when first examined, was, two years 
later (January 1936), well defined but still very small. 
The penis was 4.7 cm. long. Erections occurred occa- 
sionally and small ejaculates of albuminous material 
have been procurable since August 1935. Creatinuria was 
demonstrable. Basal metabolism, glucose tolerance, vis- 
ual fields, and x-rays of the sella turcica were normal. 
Numerous epiphj'seal lines were open from three to five 
years beyond the slowest normal. The urine as reported 
by Dr. Z. Wallen-Lawrence did' itot contain the large 
amount of gonadotropic material present in that of many 
castrates. 

Assays were performed on a composite specimen of 
6,500 cc. collected between January 24 and May 1, 1934, 
on a 7-day specimen between September 5 and 12, 1934, 
on a complete 10-day specimen between October 6 and 
15, 1934, and on a complete 7-day collection ending Janu- 
ary 7, 1936. 

F. R. (University of Chicago Clinics number 113389), 
age 24. Of normal height and weight with deficient 
axillary and pubic hair and a smooth face, the patient 
had a history both of serious head injury and of a 
dermatitis involving the scrotum. The laryngeal promi- 
nence was absent, and the voice somewhat high in pitch. 
The testes measured 2.2 X 1.4 X 1.1 cm., the epididy- 
mides were small and the prostate just apparent. The 
penis was 4.7 cm. long. Erections occurred occasionally, 
ejaculates never. Creatinuria was demonstrable. Basal 
metabolism, glucose tolerance, visual fields, and .x-rays 
of the sella turcica were normal. Numerous epiphyseal 
lines were unfused two to six years beyond the slowest 
normal. The urine did not contain the large amount of 
gonadotropic material present in that of many castrates. 

Two complete 7-day collections in November 1934 and 
one complete 7-day collection ending January 7, 1936, 
were assayed. 

N. D. (Referred by Dr. M. Kolozros) (University of 
Chicago Clinics number 134245), age 29. The patient 
was very thin and of normal height with scant pubic and 
axillary hair and a smooth face. The laryngeal promi- 
nence was absent, and the voice was somewhat high in 
pitch. The testes measured 2,2 X 1.5 X 1.4 cm., the epi- 
didymides were small, and the prostate practically imper- 
ceptible. The penis was 4.2 cm. long. Erections occurred 
but no ejaculations. Creatinuria has been observed. Ba- 
sal metabolism, glucose tolerance, visual fields and x-rays 
of the sella turcica showed nothing unusual. Various 
epiphyseal lines were unfused from four to nine year.s 
beyond the slowest normal. His arms and legs were 
disproportionately long. The urine did not contain the 
large amount of gonadotropic material present in that of 
the castrate. 

Complete 7-day urine samples during .August 1935 aral 
January 1936 were examined. 

H. K. (University of Chicago Clinics number 121217) , 
age 23. The patient was of normal height and somev. int 
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TADLE I 

The excretion of sex hormones in hypogonadism in the male 


Patient 

Arc 

Condition 

Duration 

of 

collection 

Duration 

of 

boilinK 

Number 

of 

enpons 

International 
androRcn units 
per day 

Thcclin 
per day 

Ratio 
androgens 
to T theelin 

15 

minutes 

2 liours 

IS 

minutes 

2 hours 


years 



minutes 




7 



R. S 

21 

Castrate 


120 

4 


1/liter 

3/liter 


0.3 

J. w 

56 

Castrate 


120 1 

4 


3.5/Iiter 

4.5/liter 


0.8 



Gynecomastia 









N. T 

26 ‘ 

Eunuchoid 

6.5 liters 

120 

4 


17/liter 

2/liter 


8.5 


27 


7 days 

120 

4 


0/day 

2/day 


0.5 




10 clays 

120 

4 


9 

2 


4.5 


29 


7 days 

15 

7 

15 

9* 

1 

15.0 

9.0* 

F. R 

24 

Eunuchoid 

7 days 

120 

4 


9 

2 


4.5 




7 days 

120 

4 


11 

2 


5.2 


26 


7 days 

15 

' 7 

2S 

17* 

1 1 

28.0 

17.0* 

N. D 

29 

Eunuchoid 

7 days 

120 

7 

1 

i 







7 daj's 

15 

7 

7 

5* 

1 

7.0 

5.0* 

H. K 

23 

Eunuchoid 

7 days 

120 

4 


17 

1 


17.0 


24 

Crj'ptorchid 

6 days 

15 

7 

18 

11* 

2 

9.0 

5.5* 

A. M 

20 

Eunuchoid 

3 days 

15 

7 

12 

7* 

9 

1.3 

0.8* 



Cryptorchid 

3 days 

15 

7 

21 

13* 

5 

4.2 

2.6* 

D. V 

31 

Eunuchoid 

3 days 

15 

7 

21 

13* 

1 

21.0 

13.0* 

J. H 

36 

Eunuchoid 

3 daj's 

15 

7 

33 

19* 






Cryptorchid 









L. H 

30 

Hypopituitary 

11 liters 

120 

4 


4/liter 

3/liter 


1.3 

E. H 

26 

Cryptorchid 

7 days 

120 

4 


31 

1 


31.0 




S days 

120 

4 


9 

6 


1.6 

J. c 

13 

Cryptorchid 

4 days 

1 

120 

7 


19 

<5 


3.6-f 

Average 


7 Eunuchoids 

3 to 10 

15 to 

4 to 7 

20 

12.9 

1.8 

13.8 

7.6 

V 



days 

120 







Average 



4 Normals 

6 weeks 

2 hours 

7 

67* 

40.0 

10.0 

6.7 

4.1 


* Calculated on the assumption that the 2-hour hydrolysis gives values 60 per cent of those secured by the IS-minute 
hydrolysis. This relationship may also be expressed by the statement that the 15-minute hydrolysis gives values 66 
per cent above that of the 2-hour hydrolysis. 


staiitiated that the male hormone excretion is nor- 
mally diminished. Eng (7) found 2 to 15 mouse 
units per liter of estrogenic material in the urine 
of three castrated women and 2 to 17 mouse units 
per liter in the urine of four castrated men. Five 
to 15 mouse units per day were excreted in the 
feces of the eunuchs. In one patient, nine days 
on a “ folliculin ’’-free diet caused no decline in 
the excretion of estrogenic material which Eng 
therefore felt was of endogenous origin. Frank, 
Goldberger and Salmon (8) found that the urine 
of twelve women castrated surgically and 3 cas- 
trated by x-ray contained fi'om 15 to 200 mouse 
units of estrogenic substances per liter. In two 
cases, 255 and 720 mouse units were excreted per 
month as compared to 1,500 in the normal. 
Dingemanse, Borchardt and Laqueur (32) have 
recently reported 6 to 12 international androgen 
units per liter in the urine of three oophorec- 
tomized women. 


We have been able to examine the urine of two 
castrated men. Unfortunately, neither case is be- 
yond criticism, as one was 56, belonging to an in- 
sufficiently understood age group and the other 
had schizophrenia which may itself have had some 
influence. Furthermore, in the former, confirma- 
tion of the surgical procedure is now impossible 
and the gynecomastia present raises doubts con- 
cerning the completeness of the castration. 

R. S. {Referred by Dr. J. M. Austin'), negro, age 21. 
The patient, severely affected with dementia praecox of 
catatonic type, had been completely castrated by a fellow 
patient at the South Carolina State Hospital, Columbia, 
South Carolina, in January 1934. Practically the entire 
penis had been removed in the mutilation. The urine was 
collected with great difficulty through the generous efforts 
of Dr. James M. Austin, by an inlying catheter during 
eighteen of twenty-one days in December 1934. No 
physical consequence of the castration had been noted m 
twelve months. 

/. W. {Referred by Dr. O. W. Thompson), negro. 
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C. Cryptorchidism zvithout alteration in sec- 
ondary sex characters 

Our data on this point are scant. It is of in- 
terest that Patient E. H., who had well-developed 
secondary sex characters, reached well into the 
normal range on one of two assays for androgenic 
material. The other patient, J. C., is 13 and while 
there are some signs of puberty, it will be several 
years before the degree of retardation in the de- 
velopment of secondary sex characters can be ac- 
curately judged (Table I). 

E. H. (Referred by Dr. JV. M. Brunet) (University of 
Chicago Clinics number 118497), age 26. The patient 
was bilaterally cryptorchid, the left testis being in the 
inguinal canal and the right probably at the ring, where 
some testicular sensation could be secured by pressure. 
His ejaculate contained no sperm but his genitalia and 
secondary sex characters were well developed. 

Complete urine collections for one 7-day and one 8-day 
period were made in January 1935. 

J. C. (Referred by Dr. H. T. Ricketts) (University of 
Chicago Clinics number 137064), age 13. The patient 
was obese with impalpable testes, showed some pubic hair 
and a small well-defined prostate. Roentgenogram of 
the sella turcica showed no pathology. His basal meta- 
bolic rate was — 28. 

Two 48-hour urine specimens were obtained in Sep- 
tember 1935. 

II. PRECOCIOUS PUBERTY 

We have been able, through the efforts of Dr. 
Thomas Myers of St. Paul, to examine the urine 
of one patient, a boy of five, with precocious pu- 
berty of unknown etiology. Unhappily, we could 


TABLE II 

The excretion of sex hormones in gynecomastia and 
precocious puberty 


Patient 

1 

Age 

Condition 

Dura- 

tion 

of 

coUeo* 1 
tion 

Dura- 

tion 

of 

boiling 

Num- 

ber 

of 

capons 

Inter- 

national 

androKCn 

units/day 

Tbe- 

elln 

Ratio 
andro- 
gens 
to y 
theelin 

K.I......I 

ytart 
16 1 

Gynecomastia 

dayt 

6 1 

hourt 

2 1 

7 1 

37 

y 

IS 

2^ 

J,B 1 

24 1 

Gynecomastia 

3 1 

2 1 

7 1 

00 

12 

0.1- 

T.W...,. 

15 1 

Gynecomastia 

7 

2 1 

0 1 

8 

5 

1.6 

Boy . . , . . 

5 

Precocious 

puberty 

7 

2 

G 

00 

1 




demonstrate no male hormone, a finding of which 
we are skeptical and which requires confirmation. 
It is conceivable that the high basal metabolism 
may have modified the results (Table II). 

This boy, age 5, was 4816 inches tall, weighed 58 


pounds and was strong and muscular. Pubic hair and 
rapid growth of the genitalia had been observed during 
the preceding year. His voice was bass, and acne had 
been present on his face for one and a half years. 
X-rays of the carpus showed all eight bones present and 
well developed as at 12. The skull was not definitely 
abnormal. Three basal metabolism tests showed -f- 36, 
-b 40 and -b 57, but clinical signs of hyperthyroidism 
appeared to be absent. Mentally he was sound, and no 
evidences of unusual libido were present. 

A complete urine collection for seven days was secured 
in the winter of 1935. 

III. GYNECOMASTIA 

The appearance of feminine breast tissue in 
men is rare and somewhat difficult to explain. 
Lewis and Geschickter (12), who have examined 
the tissues of ninety-five instances of gynecomas- 
tia, find consistently a proliferation of the ducts 
and periductile connective tissue, with no alveolus 
formation, a picture similar to that in virginal 
breast hypertrophy. As such a development has 
been produced by giving estrin to male monkeys 
and is in accord with the widely known effects of 
estrin in other species (13), it is most natural to 
suppose this feminizing material to be the active 
agent. Testosterone benzoate, however, was also 
shown to stimulate the tubuloacinar system of the 
breast of the rat to some extent (14), and andro- 
stane-diol, a synthetic relative of the male hor- 
mone, not appearing as far as is known in the ani- 
mal body, has a powerful mammotropic effect in 
the rat (15). Unexpected difficulties with the 
theory of hyperfunction of the testis, the pre- 
sumable source of either the estrogenic substances 
or testosterone, are encountered, however, when 
the clinical associations of gynecomastia are re- 
viewed, for testicular atrophy is common (16). 
While such secondary sex characters as hair- 
growth may be deficient they are usually normal 
in these people. Whether interstitial cell hyper- 
trophy, which is known to accompany testicular 
atrophy frequently, will be found often enough to 
provide a source for the active agent, is still un- 
certain. When chorioepithelioma produces gyne- 
comastia, the proliferating decidua-like tissue may 
readily be conceived a source of augmented estrin 
secretion, but even here we cannot be too casual. 
Hamburger (10) in a most careful study found 
gynecomastia when the amount of gonadotropic 
material in the urine was the least and in a pa- 
tient in which the second testis had been destroyed. 
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heavy, with little pubic and axillary hair and a smooth 
face. The laryngeal prominence was not present, but 
the voice was normal. The testes were not present and 
expert surgical intervention disclosed them too high to 
be effectually drawn down. The prostate could not be 
felt. The penis was 3.5 cm. long. Erections occurred 
but no ejaculations. Glucose tolerance showed a curve of 
mild diabetes; basal metabolism, visual fields and x-rays 
of the sella turcica were normal. There was evidence of 
delay in epiphyseal fusion of as much as five years. 

A 7-day collection during August 1935, and a 6-day 
collection during May 1936, were assayed. 

A. M. {Referred by Dr. Henry Schmitz) (University 
of Chicago Clinics number 152001), age 20. The patient 
was of normal height but quite obese with scant axil- 
lary and pubic hair and a small amount of terminal hair 
on the upper lip which had remained as at present for 
five years. The laryngeal prominence was slight and the 
voice boyish. The testes could not be felt, nor could the 
prostate. The penis was 3.5 cm. long. Erections but no 
ejaculates occurred. Basal metabolism, glucose tolerance, 
visual fields and x-rays of the sella turcica were normal. 
There was little significant delay in epiphyseal fusion. 

Two 3-day collections in June 1936 were assayed. 

D. V. (Referred by Dr. Paul Bucy) (University of 
Chicago Clinics number 41111), age 31. The patient was 
of normal height and weight with a small amount of 
axillary and pubic hair and smooth upper lip. A small 
laryngeal prominence was apparent and his voice ap- 
proached normal. The testes measured 3.5 X 2.0 X 1.7 
cm., the prostate was small but definite. The penis varied 
from 3.8 to 6.2 cm. long. Erections but no ejaculations 
occurred. Basal metabolism, glucose tolerance and x-rays 
of the sella turcica were normal. Bilateral optic atrophy 
of moderate grade had been present for years, and had 
not progressed. The fusion of several epiphyses was 
delayed seven to eight years. 

A 3-day collection in July 1936 was assayed. 

J. H. (Referred by Drs. Carl Moore and C. B. Hug- 
gins) (University of Chicago Clinics number 160510), 
age 36. The patient was of normal height and weight 
with a small amount of axillary and pubic hair and only 
a little fine fuzz on the upper lip. The laryngeal promi- 
nence was small, and his voice was normal. Neither 
testis was palpable. The penis was 4.1 cm. long. Erec- 
tions but no ejaculations occurred. Basal metabolism, 
glucose tolerance, visual fields and sella turcica roent- 
genogram were normal. Several unfused epiphyseal lines 
were present. 

A 3-day collection in October 1936 was assayed. 

We have also been able to examine the urine of one 
patient in which the hypogonadism was proved to be due 
to a chromophobe tumor of the pituitary body. 

L. H. (Referred by Drs. Percival Bailey and Paul 
Bucy) (University of Chicago Clinics number 87850), 
age 30. The patient suffered from weakness, decline in 


vision, loss of body hair and impotence. There was a 
globular enlargement of the sella turcica, with a depres- 
sion of its floor on x-ray. Visual fields showed a right 
temporal hemianopsia. His basal metabolism was —40 
per cent and below on several occasions and his blood 
pressure was not infrequently as low as 86/54. X-ray 
therapy to the pituitary region had been given before the 
urine collection was made. He has since shovin improve- 
ment in his general condition, his vision has not further 
declined, but he is still impotent. 

A complete 11-liter urine collection was made in May 
1934 and assayed. 

Table I presents the data on tliese instances of 
liypogonadism. It will be recalled from the pre- 
ceding paper that the four normal young men 
studied continuously for six weeks averaged in 
the neighborhood of 40 international androgen 
units of male honnone per day each, with a range 
of 13 to 79, seven capons being used for each as- 
say and the urine being boiled for two hours be- 
fore extraction. If we allow for the destruction 
of 40 per cent of the androgenic material between 
the 15 minute hydrolysis and the two hour hy- 
drolysis, as described in the preceding paper, this 
average normal value becomes 67 international 
units per day, and the range 22 to 132. In con- 
trast with this the seven-capon assays on the seven 
eunuchoids give an average value of 20 units of 
male hormone, with a range of 7 to 33, by the 15 
minute hydrolysis. The four capon assays with 
the two hour boiling on the eunuchoids give good 
corroboration. It should be noted that there is 
some overlapping of the normal and the hypo- 
gonad. This is not surprising when we recall that 
all of our eunuchoids have developed such sec- 
ondary sex characters as axillary and pubic hair 
to the extent reached by the fourteen or fifteen 
year old boy, and thus present some clinical evi- 
dences of testicular activity. On the average, our 
hypogonads excrete about a third of the normal 
amount of male hormone. 

With the exception of one assay on Patient 
A. M. the excretion of estrogenic material is re- 
duced to traces in the eunuchoid, and while this 
level is reached on occasion by the normal, the 
average normal value is 10 y per day. The values 
for both male and female hormones in the patient 
with hypopituitarism (L. H.) are low. 
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heavy, with little pubic and axillary hair and a smooth 
face. The laryngeal prominence was not present, but 
the voice was normal. The testes were not present and 
expert surgical intervention disclosed them too high to 
be effectually drawn down. The prostate could not be 
felt. The penis was 3.5 cm. long. Erections occurred 
but no ejaculations. Glucose tolerance showed a curve of 
mild diabetes; basal metabolism, visual fields and x-rays 
of the sella turcica were normal. There was evidence of 
delay in epiphyseal fusion of as much as five years. 

A 7-day collection during August 1935, and a 6-day 
collection during May 1936, were assa 3 'cd. 

A. M. (Referred by Dr. Henry Schmitc) (University 
of Chicago Clinics number 152001), age 20. The patient 
was of normal height but quite obese with scant axil- 
lary and pubic hair and a small amount of terminal hair 
on the upper lip which had remained as at present for 
five j'cars. The laryngeal prominence was slight and the 
voice boj’ish. The testes could not be felt, nor could the 
prostate. The penis was 3.5 cm. long. Erections but no 
ejaculates occurred. Basal metabolism, glucose tolerance, 
visual fields and x-rays of the sella turcica were normal. 
There was little significant delay in epiphyseal fusion. 

Two 3-day collections in June 1936 were assayed. 

D. V. (Referred by Dr. Paul Bucy) (University of 
Chicago Clinics number 41111), age 31, The patient was 
of normal height and weight with a small amount of 
axillary and pubic hair and smooth upper lip. A small 
laryngeal prominence was apparent and his voice ap- 
proached normal. The testes measured 3.5 X 2.0 X 1.7 
cm., the prostate was small but definite. The penis varied 
from 3.8 to 6.2 cm. long. Erections but no ejaculations 
occurred. Basal metabolism, glucose tolerance and x-rays 
of the sella turcica were normal. Bilateral optic atrophy 
of moderate grade had been present for years, and had 
not progressed. The fusion of several epiphyses was 
delayed seven to eight years. 

A 3-day collection in July 1936 was assayed. 

/. H. (Referred by Drs. Carl Moore and C. B. Hug- 
gins) (University of Chicago Clinics mmiber 160510), 
age 36. The patient was of normal height and weight 
with a small amount of axillary and pubic hair and only 
a little fine fuzz on the upper lip. The laryngeal promi- 
nence was small, and his voice was normal. Neither 
testis was palpable. The penis was 4.1 cm. long. Erec- 
tions but no ejaculations occurred. Basal metabolism, 
glucose tolerance, visual fields and sella turcica roent- 
genogram were normal. Several unfused epiphyseal lines 
were present. 

A 3-day collection in October 1936 was assayed. 

We have also been able to examine the urine of one 
patient in which the hypogonadism was proved to be due 
to a chromophobe tumor of the pituitary body, 

L. H. (Referred by Drs. Pcrcival Bailey and Paul 
Bucy) (University of Chicago Clinics number 87850), 
age 30. The patient suffered from weakness, decline in 


vision, loss of body hair and impotence. There was a 
globular enlargement of the sella turcica, with a depres- 
sion of its floor on x-ray. Visual fields showed a right 
temporal hemianopsia. His basal metabolism was —40 
per cent and below on several occasions and his blood 
pressure was not infrequently as low as 86/54. X-ray 
therapy to the pituitary region had been given before the 
urine collection was made. He has since shown improve- 
ment in his general condition, his vision has not further 
declined, but he is still impotent, 

A complete 11-litcr urine collection was made in May 
1934 and assayed. 

Table I presents the data on these instances of 
hypogonadism. It will be recalled from the pre- 
ceding paper that the four normal young men 
studied continuously for six weeks averaged in 
the neighborhood of 40 international androgen 
units of male hormone per day each, with a range 
of 13 to 79, seven capons being used for each as- 
say and the urine being boiled for two hours be- 
fore extraction. If we allow for the destruction 
of 40 per cent of the androgenic material between 
the 15 minute hydrolysis and the two hour hy- 
drolysis, as described in the preceding paper, this 
average nonnal value becomes 67 international 
units per day, and the range 22 to 132. In con- 
trast with this the seven-capon assays on the seven 
eunuchoids give an average value of 20 units of 
male hormone, with a range of 7 to 33, by the 15 
minute hydrolysis. The four capon assays with 
the two hour boiling on the eunuchoids give good 
corroboration. It should be noted that there is 
some overlapping of the normal and the hypo- 
gonad. This is not surprising when we recall that 
all of our eunuchoids have developed such sec- 
ondary sex characters as axillary and pubic hair 
to the extent reached by the fourteen or fifteen 
year old boy, and thus present some clinical evi- 
dences of testicular activity. On the average, our 
hypogonads excrete about a third of the normal 
amount of male hormone. 

With the exception of one assay on Patient 
A. M. the excretion of estrogenic material is re- 
duced to traces in the eunuchoid, and while this 
level is reached on occasion by the normal, the 
average normal value is 10 y per day. The values 
for both male and female hormones in the patient 
with hypopituitarism (L. H.) are low. 
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heavy, with little pubic and axillary hair and a smooth 
face. The laryngeal prominence was not present, but 
the voice was normal. The testes were not present and 
expert surgical intervention disclosed them too high to 
be effectually drawn down. The prostate could not be 
felt. The penis was 3.5 cm. long. Erections occurred 
but no ejaculations. Glucose tolerance showed a curve of 
mild diabetes; basal metabolism, visual fields and x-rays 
of the sella turcica were normal. There was evidence of 
delay in epiphyseal fusion of as much as five years. 
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was of normal height but quite obese with scant axil- 
lary and pubic hair and a small amount of terminal hair 
on the upper lip which had remained as at present for 
five years. The laryngeal prominence was slight and the 
voice boyish. The testes could not be felt, nor could the 
prostate. The penis was 3.5 cm. long. Erections but no 
ejaculates occurred. Basal metabolism, glucose tolerance, 
visual fields and x-rays of the sella turcica were normal. 
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proached normal. The testes measured 3.5 X 2.0 X 1.7 
cm., the prostate was small but definite. The penis varied 
from 3.8 to 6.2 cm. long. Erections but no ejaculations 
occurred. Basal metabolism, glucose tolerance and x-rays 
of the sella turcica were normal. Bilateral optic atrophy 
of moderate grade had been present for years, and had 
not progressed. The fusion of several epiphyses was 
delayed seven to eight years. 

A 3-day collection in July 1936 was assayed. 

J. H. (Referred by Drs. Carl Moore and C. B. Hug- 
gins) (University of Chicago Clinics number 160510), 
age 36. The patient was of normal height and weight 
with a small amount of axillary and pubic hair and only 
a little fine fuzz on the upper lip. The laryngeal promi- 
nence was small, and his voice was normal. Neither 
testis was palpable. The penis was 4.1 cm. long. Erec- 
tions but no ejaculations occurred. Basal metabolism, 
glucose tolerance, visual fields and sella turcica roent- 
genogram were normal. Several unfused epiphyseal lines 
were present. 

A 3-day collection in October 1936 was assayed. 

We have also been able to examine the urine of one 
patient in which the hypogonadism was proved to be due 
to a chromophobe tumor of the pituitary body. 

L. H. (Referred by Drs. Percival Bailey and Paul 
Bucy) (University of Chicago Clinics number 87850), 
age 30. The patient suffered from weakness, decline in 


vision, loss of body hair and impotence. There was a 
globular enlargement of the sella turcica, with a depres- 
sion of its floor on x-ray. Visual fields showed a right 
temporal hemianopsia. His basal metabolism was —40 
per cent and below on several occasions and his blood 
pressure was not infrequently as low as 86/54. X-ray 
therapy to the pituitary region had been given before the 
urine collection was made. Pie has since shown improve- 
ment in his general condition, his vision has not further 
declined, but he is still impotent. 

A complete 11-liter urine collection was made in May 
1934 and assayed. 

Table I presents the data on these instances of 
hypogonadism. It will be recalled from the pre- 
ceding paper that the four normal young men 
studied continuously for six weeks averaged in 
the neighborhood of 40 international androgen 
units of male hormone per day each, with a range 
of 13 to 79, seven capons being used for each as- 
say and the urine being boiled for two hours be- 
fore extraction. If we allow for the destruction 
of 40 per cent of the androgenic material between 
the 15 minute hydrolysis and the two hour hy- 
drolysis, as described in the preceding paper, this 
average normal value becomes 67 international 
units per day, and the range 22 to 132. In con- 
trast with this the seven-capon assays on the seven 
eunuchoids give an average value of 20 units of 
male hormone, with a range of 7 to 33, by the IS 
minute hydrolysis. The four capon assays with 
the two hour boiling on the eunuchoids give good 
corroboration. It should be noted that there is 
some overlapping of the normal and the hypo- 
gonad. This is not surprising when we recall that 
all of our eunuchoids have developed such sec- 
ondary sex characters as axillary and pubic hair 
to the extent reached by the fourteen or fifteen 
year old boy, and thus present some clinical evi- 
dences of testicular activity. On the average, our 
hypogonads excrete about a third of the normal 
amount of male hormone. 

With the exception of one assay on Patient 
A. M. the excretion of estrogenic material is re- 
duced to traces in the eunuchoid, and while this 
level is reached on occasion by the normal, the 
average normal value is 10 y per day. The values 
for both male and female hormones in the patient 
with hypopituitarism (L. H.) are low. 
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C. Cryptorchidism zuitiwut alteration in sec- 
ondary sex characters 

Our data on this point are scant. It is of in- 
terest that Patient E. H., who had well-developed 
secondary sex characters, reached well into the 
normal range on one of two assays for androgenic 
material. The other patient, J. C., is 13 and while 
there are some signs of puberty, it will be several 
years before the degree of retardation in the de- 
velopment of secondary sex characters can be ac- 
curately judged (Table I). 

E. H. (Referred by Dr. W. M. Brunet) (University of 
Chicago Climes number 118497), age 26. The patient 
was bilaterally cryptorchid, the left testis being in the 
inguinal canal and the right probably at the ring, where 
some testicular sensation could be secured by pressure. 
His ejaculate contained no sperm but his genitalia and 
secondary sex characters were well developed. 

Complete urine collections for one 7-day and one 8-day 
period were made in January 1935. 

J. C. (Referred by Dr. H. T. Ricketts) (University of 
Chicago Clinics number 137064), age 13. The patient 
was obese with impalpable testes, showed some pubic hair 
and a small well-defined prostate. Roentgenogram of 
the sella turcica showed no pathology. His basal meta- 
bolic rate was — 28. 

Two 48-hour urine specimens were obtained in Sep- 
tember 1935. 

11. PRECOCIOUS PUBERTY 

We have been able, through the efforts of Dr. 
Thomas Myers of St. Paul, to examine the urine 
of one patient, a boy of five, with precocious pu- 
berty of unknown etiology. Unhappily, we could 
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demonstrate no male hormone, a finding of which 
we are skeptical and which requires confirmation. 
It is conceivable that the high basal metabolism 
may have modified the results (Table II). 

This boy, age 5, was 4814 inches tall, weighed 58 


pounds and was strong and muscular. Pubic hair and 
rapid growth of the genitalia had been observed during 
the preceding year. His voice was bass, and acne had 
been present on his face for one and a half years. 
X-rays of the carpus showed all eight bones present and 
well developed as at 12. The skull was not definitely 
abnormal. Three basal metabolism tests showed 36, 
-|- 40 and -j- 57, but clinical signs of hyperthyroidism 
appeared to be absent. Mentally he was sound, and no 
evidences of unusual libido were present. 

A complete urine collection for seven days was secured 
in the winter of 1935. 

III. GYNECOMASTIA 

The appearance of feminine breast tissue in 
men is rare and somewhat difficult to explain. 
Lewis and Gescliickter (12), who have examined 
the tissues of ninety-five instances of gynecomas- 
tia, find consistently a proliferation of the ducts 
and periductile connective tissue, with no alveolus 
formation, a picture similar to that in virginal 
breast hypertrophy. As such a development has 
been produced by giving estrin to male monkeys 
and is in accord with the widely known effects of 
estrin in other species (13), it is most natural to 
suppose this feminizing material to be the active 
agent. Testosterone benzoate, however, was also 
shown to stimulate the tubuloacinar system of the 
breast of the rat to some extent (14), and andro- 
stane-diol, a synthetic relative of the male hor- 
mone, not appearing as far as is known in the ani- 
mal body, has a powerful mammotropic effect in 
the rat (15). Unexpected difficulties with the 
theory of hyperfunction of the testis, the pre- 
sumable source of either the estrogenic substances 
or testosterone, are encountered, however, when 
the clinical associations of gynecomastia are re- 
viewed, for testicular atrophy is common (16). 
While such secondary sex characters as hair- 
growth may be defident they are usually normal 
in these people. Whether interstitial cell hyper- 
trophy, which is known to accompany testicular 
atrophy frequently, will be found often enough to 
provide a source for the active agent, is still un- 
certain. When chorioepithelioma produces gyne- 
comastia, the proliferating decidua-like tissue may 
readily be conceived a source of augmented estrin 
secretion, but even here we cannot be too casual. 
Hamburger (10) in a most careful study found 
gynecomastia when the amount of gonadotropic 
material in the urine was the least and in a pa- 
tient in which the second testis had been destroyed. 
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The data on the excretion of hormones in gyn- 
ecomastia is scant. Heidrich, Pels and Mathias 
(17) found 250 mouse units per liter in a man 
with teratoma of the testicle. Hamburger (10) 
detected estrogenic activity in the urine of one 
such patient and not in that of another. 

We have been able to examine the urine of four 
patients with bilateral gynecomastia. One, a 
young boy, in whom the enlargement did not 
greatly exceed that which Jung and Shafton (18) 
have shown to be common in adolescent boys, also 
had a mild hyperthyroidism which may well have 
accentuated the process (19). One patient had 
hypoplasia of the testes, one an enlarged painful 
testicle following mumps orchitis, and one, a cryp- 
torchid (J. W., summarized as a castrate), had 
been subjected, supposedly, to a bilateral orchidec- 
toniy. 

K. L. {Referred by Dr. W. S. Timhlhi and Dr. C. B. 
Huggins) {University of Chicago Clinics number 
133404), age 16. For six months the patient had had en- 
largement of the breasts comparable to that of many 
adolescent girls. His penis and prostate were normal, 
axillary and pubic hair abundant, facial hair normal for 
his age, his voice adult. The testes were small, measuring 
2.5 X 1.3 X 1.2 cm. 

In the spring of 1936 a complete 6-day urine collection 
was secured. 

J. B. {Referred by Dr. IV. 0. Thompson), negro, age 
24. The patient had mumps orchitis eight years pre- 
viously and had for seven years recurrent swelling and 
tenderness of the right testis. Biopsy showed normal 
testicular tissue. Enlarged painful breasts from which a 
white discharge could be expressed had been present for 
one year. He shaved a small circumoral beard twice 
weekly. 

In March 1935 a complete 3-day urine collection was 
secured. 

T. W. {Referred by Dr. H. T. Ricketts) {University 
of Chicago Clinics number 116057), age 15. The patient 
had breast enlargement for one year, the sub-areolar 
discs measuring 3 to 4 cm. in diameter. The pubic and 
axillary hair and the genitalia were normal. There were 
signs of a mild hyperthyroidism (basal metabolic rate, 
+ 18, -h 19) which subsided under iodine. Nine months 
later his breasts were smaller. A complete 3-day collec- 
tion was secured in March 1935. 

The data is presented in Table II. We have 
found no unusual amount of estrogenic material 
in the urine in any of our four patients (including 
J. W., the castrate) and hence are unable to bring 
support to the theory that gynecomastia is due to 


hyperestrinism. For two reasons, however, such 
negative results are not to be considered conclu- 
sive. First, samplings of a few days only form a 
highly imperfect representation of a process that 
evolves over months and years, and secondly, arti- 
ficial and hence probably physiological additions 
of estrogenic material to the organism evoke a 
notoriously limited urinary excretion. The prob- 
lem, of course, requires more extensive study. 
The excretion of androgens was variable. 

IV. VIRILISM 

Virilism has a confusing variety of pathological 
a,ssociations among which no common denomi- 
nator is as yet apparent. We may distinguish 
those instances accompanied by (c) ovarian tu- 
mors, (b) adrenal tumors, (c) adrenal hyper- 
plasia, (d) pituitary tumors. In certain instances, 
the adrenal hyperplasia is accompanied by tumors 
of the anterior lobe of the pituitary body or carci- 
noma of the thymus. Cushing’s theory (20) that 
basophile tumors of the pituitary body are often 
responsible for the hypertrophy of the adrenal 
cortex and the virilism is now well known, much 
discussed, and still subject to discussion. Crooke 
(21) has recently found hyaline changes con- 
sistently in the basophiles of the anterior lobe in 
a series of patients with and without adrenal or 
pituitary tumor, but presenting hypertrichosis, 
obesity of the face and trunk, hypertension and 
amenorrhea, thus giving the term “ pituitary baso- 
philism ” an entirely different significance from 
that given it by Cushing. So great is the present 
confusion that the term Cushing’s syndrome 
should be withheld unless an unequivocal pituitary 
tumor is found since a strictly clinical distinction 
between his patients and the long known supra- 
renal virilism has neither been claimed nor shown. 

To these four groups must be added a fifth of 
undetermined pathology comprising by far the 
majority of those seen. These individuals suffer 
from hypertrichosis, together on occasion with 
hypertrophy of the clitoi'is and often with such 
substantial disturbances of the menstrual function 
as oligomenorrhea, amenorrhea and even menor- 
rhagia. Obesity may occur but hypertension and 
asthenia are rare. The ovaries may be enlarged, 
sometimes cystic, sometimes fibrotic, the capsules 
much thickened, changes by no means specific. 
The adrenals are normal as far as manual ex- 
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ploration can tell us. Adrenal hyperplasia (22) 
or occult pituitary or ovarian changes (21, 23) 
may be present, of course, but the necessary de- 
tailed autopsy studies are insufficient to permit 
full analysis of the problem. 

A beginning has been made in the measurement 
of hormone excretion in virilism. Biihler (24) 
in 1933 reported 6 to 7 units of comb-growth- 
stimulating material per day in the urine of a 
28 year old girl with hypertrichosis, deep voice, 
large clitoris, and amenorrhea, by a method which 
yielded 1 to 2 units per day in normal men. 
Thirty-five to 40 mouse units of estrogenic mate- 
rial were found. Frank (25) in 1934 reported 
that in two patients with carcinoma of the supra- 
renal cortex he had found enormous quantities of 
estrogenic material in the urine. In the first pa- 
tient, he records from less than 1,000 to 17,000 
mouse units in three-day periods, a total of 57,000 
mouse units during a time equivalent to a men- 
strual cycle. In the second patient, he found 
5,000 units per liter. In upwards of 10 more pa- 
tients without carcinoma, in one of which adrenal 
cortical hyperplasia was found at operation, he 
could find no excess. Kurzrok et al. (26) on the 
other hand, could find but 8 rat units per liter in 
their case Number 3, a proved carcinoma of the 
suprarenal cortex, the male-hormone assays on 
which we are reporting here. Similar values were 
found in two other girls with hypertrichosis, one 
with adrenal hyperplasia demonstrable by perirenal 
air injections. Simpson, de Fremery and Macbeth 
(27) in 1936 reported their assays on the urine 
in 12 varied instances of hypertrichosis and in- 
cluded two others examined by Dingemanse. By 
the comb-growth method, five patients showed 
a marked excess of masculinizing substance and 
four a more moderate excess. In three cases 
their values reached from 200 to 500 capon 
units per day by a technique which gave from 
10 to 50 in the normal female. Of especial 
interest is the finding of between 25 and 50 
units per day in the urine of a four-year old 
pseudo-hermaphrodite. One of their patients 
with high values was proved to have a car- 
cinoma of the suprarenal cortex. Korenchev- 
sky found in the urine of one of these cases 
an increase in prostate stimulating power when 
tested on the rat. The amount of estrogenic ma- 


terial did to some extent parallel that of the mas- 
culinizing substances. The case of carcinoma of 
the suprarenal cortex showed, however, less than 
600 mouse units per day, and the highest in any 
case was recorded as “ less than 1,440.” 

Slot (28) has recently described a 49 year old 
woman with amenorrhea, hypertrichosis and hy- 
pertension in which Dingemanse found 2,200 in- 
ternational units of comb-growth stimulating ma- 
terial per liter with 100 international units (lOy) 
of estrogenic substance. Despite this great ex- 
cess of male hormone in the urine the adrenal 
tumor removed contained no more than the livers 
of normal individuals which served as his control. 
Saphir and Parker (23) have described a 15 year 
old girl with hypertrichosis, obesity and amenor- 
rhea who had nests of clear adrenal-like cells in 
a removed ovary and who excreted 5,000 mouse 
units of estrogenic substances per liter of urine. 

We were able to examine the urine of 16 pa- 
tients with virilism. They ranged from 13 to 36 
years of age ; all had striking hypertrichosis, three 
an enlarged clitoris, and two, hypertension. Ex- 
cluding the two youngest patients, six had amen- 
orrhea, five irregular menses, and one menor- 
rhagia. Only in two instances was menstruation 
normal. While several were obese, the rapidly 
developing facial and trunk obesity, remarked by 
Cushing, was present in but two (P. R., C. F.) 
and one of these had purplish abdominal and iliac 
striae. Two patients had carcinoma of the adre- 
nal cortex proved at operation (G. C., K. P.) ; 
two had adrenal tumors proved at autopsy 
(P. R., C. F.). In seven others, the adrenals 
were explored surgically and found not demon- 
strably abnormal. In eight patients without 
known adrenal lesions, the ovaries at operation 
were enlarged in six, and in four of these were re- 
corded as cystic. In one patient not operated on, 
large cystic ovaries were found on pelvic exam- 
ination. In no case did roentgenograms of the 
sella turcica show pathology. In five patients, 
complete urine collections were secured for three 
or four days ; in the remainder for five to ten 
days. In eight instances, there was no cyclic 
menstrual bleeding at the time of the urine col- 
lection. 

R. y. (^Referred by Dr. C. B. Huggins) (L'iu:\-rsily 
of Chicago Clinics number 5S99}) , age IS. The patient 
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had a boyish figure, hypoplastic breasts, enlarged clitoris 
and facial, abdominal and limb hypertrichosis. Physi- 
cal and laboratory examinations were otherwise negative. 
Scant, transient vaginal bleeding occurred once each at 
14 and 17. In 1932, Dr. C. B. Huggins explored the 
pelvis and found enlarged cystic ovaries which showed on 
section many primary follicles and numerous cystic 
spaces. 

A complete urine collection for seven days was secured 
in March 1935 during amenorrhea. 

M. N. (^Referred by Dr. A. A. Wciustciii), age 21. 
The patient had striking facial and abdominal hyper- 
trichosis, normal breasts, blood pressure and pelvic or- 
gans. Extensive laboratory examinations were negative. 
Menses since the age of 14 had recurred every five to 
eight weeks and lasted five days. Laparotomy in July 
1934 at the Vanderbilt University Hospital showed nor- 
mal adrenals and ovaries. 

A complete urine collection for seven days was made 
in September 1934, beginning ten days after the onset 
of the preceding menstrual period. 

E. H. (^Referred by Dr. W. O. Thompson) , age 29. 
The patient was somewhat obese with hypertrichosis of 
the face, chest, abdomen and extremities. Physical, lab- 
oratory and pelvic, examinations were negative. Since 
March 1934, when she missed a menstrual period, she 
has flowed every six weeks. Beginning in September 

1934 she flowed continuously for eight weeks. Curettage 
was then negative. 

A complete 3-day urine collection was secured in June 
1935. Relation to the cycle was not known to us. 

M. A. {Referred by Dr. W. O. Thompson) , age 23. 
The patient had hypertrichosis and menorrhagia since the 
menarche at 19. At operation, both ovaries were one and 
one-half times the normal size, the capsules much thick- 
ened. An operative note states that “ exploration re- 
vealed no other lesions of note." 

A complete 3-day collection of urine during December 

1935 was examined. The relation of this collection to the 
menstrual cycle is not known to us. 

A. D. {Referred by Dr. Edmund Andrews) {Univer- 
sity of Chicago Climes number 149906), age 32. The pa- 
tient had great obesity, hypertrichosis of the face, abdo- 
men and extremities, and amenorrhea for 19 months. 
Her blood pressure was 120/90 and laboratory examina- 
tion was negative. At operation there was an inflamed 
periappendicular mass, normal adrenals and enlarged 
thickened ovaries which showed on section much increase 
in stroma and little or no follicular activity. Following 
resection of parts of the ovaries, she bled vaginally. 

A complete urine collection for six days was secured 
before the exploration, during amenorrhea, in April 1936. 

W. K. {Referred by Dr. Henry Jacobs) ( University of 
Chicago Clinics number 135457), age 21. The patient 
was an obese girl, with hypertrichosis of the abdomen, 
extremities and face, hypoplastic breasts, and a deep 
masculine voice. Since the menarche at 21, the menses 


have been very irregular. Physical, pelvic and laboratory 
examinations have added nothing further. 

A complete urine collection for six and a half days was 
made just before a menstrual period in September 1935, 

E. S. {University of Chicago Clinics number 60628), 
age 25. The patient was obese and had hypertrichosis of 
the face and abdomen, and amenorrhea, with a history of 
menorrhagia. Physical and laboratory examinations 
added nothing. Pelvic examination showed enlarged cys- 
tic ovaries. In June 1935, Dr. Virgil S. Counsellor op- 
erated on her at the Mayo Clinic and resected parts of 
the large cystic ovaries which on section were recorded 
as polycystic with oophoritis. The adrenals were not 
definitely abnormal. An x-ray treatment to the pituitary 
body was given. In July 1935, she. returned to the Uni- 
versity of Chicago Clinics (Dr. W. J. Dieckmann) with 
menorrhagia which subsided after curettage. Brief one- 
and-a-half-day periods have recurred monthly since. 

A 10-day urine collecfion was secured in January 1935 
during amenorrhea. 

G. F. {Referred by Dr. IV. 0. Thompson), age 17. 
She had hypertrichosis of the face, chest, abdomen and 
extremities. Menses at first every two or three months 
have been regular recently since taking theelin. Physi- 
cal and laboratory examinations are negative. At opera- 
tion (Cook County Hospital) the ovaries were found to 
be the size of small lemons, “ not very cystic ” and con- 
tained one or more hard nodules which proved to be 
fibromata’ on microscopic exarm’nation. The ovarian 
stroma was in part normal and in part fibrotic with evi- 
dence of old and recent ovulation present. The adrenals 
were normal. 

We have examined a complete urine collection amount- 
ing to five liters collected in March 1934. The time in 
the cycle is not known to us. 

C. F. {Referred by Dr. Louis Leiter) {University of 
Chicago Clinics number 141740), age 31. The patient 
was obese with swelling especially about the face, with 
hypertrichosis of the face, abdomen and extremities. 
Her blood pressure ranged from 150/100 to 220/120. 
Her previously regular menses had stopped six months 
before. Pelvic examination was negative. There were 
no purplish striae, or polycythemia. Osteoporosis and 
ecchymoses on slight pressure were present. Basal me- 
tabolism and sella turcica x-rays were negative. The 
urea clearance showed good kidney function. Explora- 
tory laparotomy (Dr. D. B. Phemister) in March 1936 
revealed normal ovaries and adrenals. 

Subsequently the patient’s kidney fimction declined and 
she died on March 20, 1937, with renal and myocardial 
failure. Autopsy by Dr. Eleanor Humphreys showed a 
small pigmented adenoma in the right suprarenal gland 
with venous thrombosis and focal necrosis; extreme sim- 
ple atrophy of the left suprarenal gland and of the re- 
mainder of the right; focal atrophy and necrosis (x-ray 
effect?) in the anterior lobe of the hypophysis with foca 
adenomatous hyperplasia, but without basophile adenoma 
or basophilic infiltration of the neurohypophysis- There 
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was widespread atherosclerosis, especially of the small 
arteries and arterioles; arteriolosclerotic atrophy of the 
kidneys and pancreas; cardiac hypertrophy and dilatation 
with focal scarring and myomalacia and marked fatty 
degeneration; visceral chronic passive hyperemia, ascites, 
hydrothorax and edema of the extremities ; extreme fatty 
infiltration of the liver; atrophy of the thyroid gland with 
focal adenomatous hyperplasia ; atrophy of the uterus and 
mammary glands; minimal ovarian fibrosis with sparse 
small follicular cysts and with persistent primordial fol- 
licles (without ripening stages) ; marked generalized 
osteoporosis with multiple healing rib fractures and col- 
lapsed vertebral bodies; hypoplastic bone marrow and 
lymphoid tissue. 

A 6-day urine collection, probably incomplete, was se- 
cured in 1936 during amenorrhea, when the urea clearance 
was normal. 

S. J. (^Referred by Drs. S. C. Freed aiid Samuel Sos- 
kin) (JJniversily of Chicago Clinics number 156840), age 
13. The patient had hypertrichosis of the face, abdomen 
and extremities. The breasts were flat, and she had not 
as yet menstruated. Pelvic examination showed a ques- 
tionably enlarged clitoris. Blood pressure was normal 
and physical examination was otherwise negative. Eight 
months after the urine collection the pelvis was explored 
by Dr. Karl Meyer at Cook County Hospital who found 
large cystic ovaries, and no other abnormality. 

A complete 7-day urine collection was secured in Feb- 
ruary 1935. 

R. G. {Referred by Dr. A. K. Koff) {University of 
Chicago Clinics number 120522), age 32. The patient 
had hypertrichosis of the face, abdomen and extremities. 
She was somewhat heavy and her menses were irregular, 
occurring as infrequently as eight months apart, but she 
had given birth to two normal children. Physical ex- 
amination showed nothing imusual. Pelvic examination 
showed bilaterally enlarged cystic ovaries. 

A complete 7-d3y urine collection was secured imme- 
diately after the close of a menstrual period in October 
1935. 

P. R. {Referred by Dr. IV. O. Thompson) , age 31. 
Patient was moderately obese, her plethoric face was 
covered with a downy growth of hair averaging 3 mm. in 
length. An excess of hair was also present ebewhere, 
save for the scalp and axilla, where the amounts were 
scant. Except for one day’s flow ten months previously, 
she had not menstruated for three years. The labia mi- 
nora were small, the cervix long and conical, the uterus 
normal. The skin of the entire body was covered with 
irregular pink macules with purple striae over the iliac 
areas and buttocks. Her blood pressure ranged from 182 
to 200/126 to 150. Her heart was enlarged, and edema 
of the feet and spontaneous ecchymoses had been present 
for six months. The thyroid gland \vas diffusely en- 
larged, a tremor of the fingers present; her basal meta- 
bolic rate was -p 18. The urine contained 100 grams of 
sugar in 24 hours on a diet yielding 200 grams of glu- 
cose; her fasting blood-glucose was 170 mgm. per 100 


cc., but, curiously, insulin seemed to aggravate her con- 
dition. X-rays of the sella turcica showed doubtful 
erosion. Pyelograms were negative. 

She died with thrombotic occlusion of the left external 
iliac and femoral arteries associated with the heart fail- 
ure. Necropsy showed cortical adenomata of the right 
adrenal gland with extensive necrosis and marked atrophy 
of the cortex of the left adrenal gland; myocardial hy- 
pertrophy and degeneration, the thrombotic processes 
with the resulting gangrene of the left leg, osteoporosis, 
and “ parenchymatous degeneration ” of the liver and kid- 
neys. The pituitary was normal macroscopically and 
microscopically. 

We have assayed a complete 3-day urine collection. It 
was secured during amenorrhea in May 1935. ' 

G. C. {Referred by Dr. Raphael Kursrok, Case num- 
ber 3), age 16. (Reported in detail by Dr. Kurzrok 
(26).) Menses began at 13 and after two periods, 
stopped. Excessive hair appeared on her chest, arms, 
body, legs and face, the last requiring daily shaving — and 
her voice deepened. Her clitoris was found to be nearly 
two inches long. Her blood pressure was 138/76, and an 
exhaustive laboratory examination was negative save for 
the beautiful demonstration by x-ray of a mass above the 
left kidney after the injection of air into the perirenal tis- 
sue. Her urine contained no follicle-stimulating hormone 
and 8 rat units of estrogenic substance. A complete 
urine collection for eight days was made and the mass 
then removed. The tumor on section proved to be a car- 
cinoma of the adrenal cortex. Recovery was excellent, 
and in a month her menses returned, her voice became 
higher pitched, and her hair began coming off in the bath. 

K, P. {Referred by Dr. Raphael Kursrok, case num- 
ber 4, reported in detail by Dr. Kursrok), age 36. The 
patient had suffered from amenorrhea for si.x years, and 
from hypertrichosis of the body and face for three years. 
Her clitoris was very large. X-ray films, after perirenal 
air injection, showed a mass above the right kidney which 
was removed at operation. The patient died in post- 
operative collapse. Autopsy was refused. On section 
the tumor mass proved to be a carcinoma of the supra- 
renal cortex. Urine was collected for assay for male 
hormone for four days before the operation. 

G. N. {Referred by Drs. Russell Wilder and George 
Crisler). The patient was obese and had a hypertricho- 
sis of whisker distribution on the face. There were sev- 
eral dark bluish striae on the abdomen and upper thighs. 
Her menses had been grossly irregular \vith frequent 
amenorrhea. She complained of severe headaches and 
had been in a mental hospital several months of the 
previous year. Her systolic blood pressure ranged from 
140 to 110. Her glucose tolerance gave a diabetic type 
of curve but othertvise laboratory studies including visual 
fields and x-rays of the sella turcica were negative. On 
abdominal exploration. Dr. Waltman Walters ioand nor- 
mal adrenals and ovaries and an atrophic uterus. 

A 4-day urine collection was secured during amenor- 
rhea in the spring of 1936. 
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The excretion of sex hormones in virilism 



1 








International 



Patieiu-i' 

Age 

Opera- 

tion 

Adrenals 

Ovanes 

Menses 

Duration 

of 

Dura- 
tion of 
boiling 

Num- 
ber of 

androgen units 
per day 

Thcclin 

Ratio 

andro- 


















capons 

IS 

2 


gamma 

theelin 











minutes 

hours 




years 






minutes 




7 

4 


R. 

18 

-b 


Enlarged 

0 

7 days 

120 

7 


30 

TS 

M. N 



Nonnal 

cystic 








21 


Normal 

Regular 

7 days 

120 

4 


\6 


2 7 

E. H 

29 

0 

] 


Slightly 

irregular 

3 days 

120 

7 


22 

12 

1.8 

M. A 

23 

-b 

Normal ' 

Enlarged 

Mcnor- ' 

3 days 

120 

7 


24 

18 

1.3 





sclerotic 

rhagia 




A. D 

32 

4" 

Normal 

Enlarged 

Amcnor- 

6 days 

15 

7 

8 

St 

10 

0.2 

1 




sclerotic 

rhea 




W. K ! 

21 

0 



Irregular 

6} days i 

120 

7 


44 

17 

19 

'7 

E. S.... .1 

25 

-b 

Normal 

Enlarged 

cystic 


10 days i 

120 

4 


23 

1.2 


rhea 


G. F 

17 

4" 

Normal 

Enlarged 

Irregular 

S liters 

120 

4 


34 per liter 

1 1 per liter l 

3.0 


i 



cystic 

to regular 




1 

C. F.'>.. .. 

! 

i 

Necropsy 

Adenoma 

No ripe 
follicles 

! Amenor- 
[ rhea 

6 days 
(inc.) 

IS 

7 

1 14 per liter 

8 per liter t] 

10 per liter 

0.8 

S. J 

13 

-b 

Normal 

Enlarged 

cystic 

0 

7 days 

120 

4 


16 







R. G 

32 

0 


Enlarged 

cystic 

Irregular 

[ 7 days 

120 




16 









1 

P. R.*-’. . 




(pelvic) 









o I 

Necropsy 

Adenoma 

Normal 

Amcnor- 

3 days 

120 



0 

4 

0.25- 





rhea 







G. C.^ . . . 

16 

4" 

Car- 


Amenor- 

8 days 

120 




8 

60.0 




cinoma 


rhea 







K. P.<=.... 

36 

4~ 

Car- 


Amenor- 

4 days 

120 



69 





cinoma 


rhea 







G. N.».... 


-f 

Normal 

Normal 

Irregular 


IS 


74 

44t 

14 

3.2 

M. C 

2S 

0 



Regular 


60 


92t 

55t 

n 

S.0 








60 

Hi 

lilt 

64t 

<s 

12.8 

Average (IS patients (except G. C.) ) . . 



3 to todays 

IS to 
120 

4 to 7 


28 

a 

2.6 





6 weeks 

15 to 

7 

47t 

28 

25 

1.1 







120 



* h = hypertension: c = hypertrophied clitoris; s == purple abdominal striae. 

t Calculated on the assumption that the 2-hour hydrolysis gives values 60 per cent of those secured by the 15- 
minute hydrolysis and that the 1-hour hydrolysis gives valup 76 per cent of those at 15 minutes. The absolute values 
for Patient M. C, at the 1-hour hydrolysis are 70 and 84 units. The average ratios given are for the 2-hour hydrolysis. 


M. C. (Referred by Dr. Russell Wilder), age 25. Save 
for the marked hypertrichosis of the face, abdomen and 
extremities, the patient presented no gross physical ab- 
normality. Her menses, for a while appearing every IS 
days, later became of normal periodicity. Pelvic exami- 
nation was normal and extensive laboratory investiga- 
tions including an intravenous pyelogram were negative. 
One of several Ascheim-Zondek tests was faintly positive, 
and there was on one occasion about 8.5 rat units per liter 
of estrogenic substances in the urine, 

A 3-day and a 2-day urine collection were secured in 
the spring of 1936. 

It will be recalled that in the three normal fe- 
males studied extensively by seven capon assays, 
the urine being boiled for two hours, we found 
from 13 to 46 international androgen units in the 
24 hour specimen with an average for each of 
about 26. Samplings of other normal women and 
the examination of pooled specimens are in agree- 
ment with these values. If we allow for the 40 


per cent destruction when compared with the 15 
minute hydrolysis, the average becomes 43 and 
the range 28 to 77. In one nonnal woman, stud- 
ied directly by the 15 minute hydrolysis, from 42 
to 85 international units were passed, giving an 
average of 56. Of the fifteen women with viri- 
lism studied for male hormone, twelve are within 
or below this normal range (Table III). Two 
(K. P., M. C.) are some 25 per cent higher than 
any normal yet studied. One patient (G. C.), a 
patient of Dr. Raphael Kurzrok, reported in de- 
tail by the Columbia group (26), showed the con- 
siderable sum of 480 international androgen units 
per day (two-hour hydrolysis). She had a 
proven carcinoma of the adrenal cortex. Fur- 
thermore, examination of this urine in the De- 
partment of Chemistry by Dr. T. F. Hogness and 
associates revealed an absorption spectrum unlike 
that of androsterone and like that of testosterone, 
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androstene-dione and the adrenal cortical de- 
rivative supplied us by Kendall (discussed by the 
Rochester group (29)). Curiously, we were able 
to extract no male hormone from the tumor itself. 

In the sixteen specimens examined for estro- 
genic material, no unusually large amount was 
found, indeed the average nonnal value was never 
reached. This may be correlated with the fre- 
quent amenorrhea and grossly pathological ova- 
ries often found at operation. 

It is difficult to bring regularity and simplicity 
into this data. A gross excess of masculinizing 
material is apparently excreted on occasion, in our 
experience in an instance of adrenal carcinoma. 
In other patients with virilism there is either no 
excess or very little. It is thus impossible, at the 
present time, to support the simple and attractive 
hypothesis that virilism is due to a hypersecretion 
of a recognized comb-growth stimulating hor- 
mone. The occasional strildng positive finding, 
however, precludes the dismissal of this concep- 
tion until studies have been made over the long 
periods during which this syndrome develops. 
Brief samplings are unfortunately inadequate, 
especially as the changes of virilism are struc- 
tural and tend to remain at least for a while after 
the stimulus evoking them has subsided. Simp- 
son, de Fremery and Macbeth (27) have appar- 
ently been more fortunate in their material as 
they secured a far higher proportion of positive 
findings. It is well in considering this problem to 
recall that Frank (25), in studying the urine of 
patients with adrenal cortical carcinoma, found 
large amounts of estrogenic material despite the 
obvious masculinization of the patients. This, 
too, is irregular, as Slot (Dingemanse) and Kurz- 
rok found normal values. Frank’s experience 
constitutes a curious obverse of the stallion (Zon- 
dek (11)) who, with unimpeachable masculinity, 
excretes much more estrogenic material than the 
mare. 

We have, on occasion, wondered whether the 
ratio of male to female urinary constituents might 
not prove a better clue than the gross amounts, as 
in general normal men excrete more male hor- 
mone relative to female than do women. Some- 
times this ratio is greatly displaced in the mascu- 
line direction (Patients R. Y., G. N. and M. C.), 
and it is rarely under 1.0 as is frequently true in 


the normal woman. This point, however, also 
awaits further work, especially with reference to 
the changes accompanying amenorrhea. 

The adrenal cortex, of course, is suspected on 
clinical grounds as a source of the augmented ex- 
cretion of male sex hormones when this occurs. 
Recent biochemical work has an interesting bear- 
ing on this possibility. Reichstein (30) has sep- 
arated six crystalline substances from suprarenal 
cortical tissue. One of these, an unsaturated dike- 
tone, of the formula CigHo^Oj (± C ± 2H), he 
reported as one-fifth as active as androsterone m 
comb-growth stimulating activity. Inasmuch as 
this observation, as well as the composition and 
absorption spectrum of the substance, suggest a 
relation to the ring structure of cholestenone and 
testosterone, he called the substance adrenoste- 
rone. Kendall, Mason and Meyers (29) also ob- 
tained a diketone of the formula CioHniOg by 
chromic acid oxidation of their compound E 
(Wintersteiner’s and Pfiffner’s compound F). 
The diketone, when examined spectrographically 
by Professor T. F. Hogness and his associates in 
the Department of Chemistry, gave absorption 
bands like those of cholestenone, testosterone and 
androstenedione, but unlike androsterone. When 
tested on the capon, we found it to be one-sixth 
to one-fourth as potent as androsterone. An 
oxidation product, CigH^oOg, prepared by Drs. 
Oskar Wintersteiner and J. J. Pfiffner from 
suprarenal cortex and submitted to us for male 
hormone assay, also gave the same order of activ- 
ity. The spectrographic findings are especially 
interesting because they suggest that the andro- 
genic activity and absorption spectrum of the 
androgenic fraction obtained from the urine of 
Kurzrok’s patient Number 3 are not due to andro- 
sterone and dehydroandrosterone, but to an an- 
drogenic substance of suprarenal origin which 
may be closely related to Reichstein’s adrenoste- 
rone. Its production may be due to a pathologi- 
cal process or perverted metabolism as a result of 
which such a substance may be formed or be al- 
lowed to accumulate in the blood stream to ab- 
normal levels. 
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SUMMARY 

1. Two castrated men excreted traces only of 
androgenic (comb-growth promoting) and estro- 
genic substances. 

2. Seven eunuchoids excreted on the avei'age a 
third of the normal amount of androgens, over- 
lapping the normal range on occasion. The out- 
put of estrogens was also low. One patient with 
hypopituitarism excreted small amounts only of 
both substances. 

3. Of four patients with gynecomastia none ex- 
creted an excess of estrogenic material. The an- 
drogens varied from none at all to a normal 
amount. 

4. Sixteen patients with virilism excreted as a 
rule normal amounts of androgenic material. A 
moderate excess of androgens is occasionally 
found, and the great excess of 480 international 
units per day was found in one case of carcinoma 
of the adrenal cortex. The urine of this patient 
possessed the spectrographic properties of testo- 
sterone, androstenedione or cholestenone rather 
than of androsterone. It was similar in this re- 
spect to certain compounds derived from the 
adrenal cortex. We have had no instances as yet 
of increased excretion of estrogens in virilism. 
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In a previous report from this laboratory (1), 
it was shown that maintenance of dogs on a diet 
deficient in protein is accompanied by a progres- 
sive fall in the concentration of albumin in the 
serum. Average globulin concentration is vir- 
tually unaffected, the decline in albumin being 
paralleled by a similar decrease in total protein. 
Studies of nitrogen balance in five animals in- 
dicated that the loss of albumin from the se- 
rum can account for only 3 or 4 per cent of the 
total loss of nitrogen from the body. It is rea- 
sonable then to inquire what other tissues con- 
tribute to the total loss and to what degree. Al- 
though a complete answer to this question cannot 
be given, it has been possible to assemble data 
which bear on the fate of hemoglobin during 
maintenance on the diet. Along with the serum 
albumin, the hemoglobin also suffers depletion; 
from the quantitative aspect of contribution to the 
total loss of nitrogen the depletion of hemoglobin 
is more important than the loss in albumin. The 
data which lead to this conclusion form the basis 
of the present report. 

METHODS 

Animals. Young adult dogs of mongrel breeds 
weighing between 15 and 25 kilos were selected 
on the basis of health, vigor and willingness to eat 
the special diet. 

Diet. The composition of the low protein diet 
has been described previously ( 1 ) ; a discussion of 
the adequacy of the diet from the standpoint of 
vitamins has also been given (2). From the view- 
point of this paper which is concerned chiefly with 
hemoglobin it may be noted that, in a control ex- 
periment in which 90 grams of the sugar was re- 
placed by an equal amount of casein, there was 

^ The results of this investigation were presented in 
less complete form at the meeting of the .'American Pedi- 
atric Society, Bolton Landing, New York, June 13, 1936 
(Am. J. Dis. Child., 1936, 52, 12S0). 


no change in relative red cell volume (hematocrit) 
or in serum protein over a period of 77 days. On 
the average, the diet as offered furnished 2.4 mgm. 
of iron per kilo per day; however, after 6 to 8 
weeks the intake of iron was usually less because 
of refusals. As a further control in another ex- 
periment the low protein diet was supplemented 
by the addition of 11 grams of liver extract “ 
daily. The changes in this experiment were iden- 
tical with those in other experiments in which the 
supplement was not given. It is fair then to as- 
sume that the findings to be reported resulted 
from protein deficiency alone. 

Blood volume. Plasma volume was estimated 
by one or another modification of the “ dye 
method” (3). Red cell volume and total blood 
volume were calculated from the plasma volume 
by means of hematocrit readings. In most ex- 
periments vital red was injected ; recently we have 
used, and now prefer, the blue dye (T— 1824, 
Eastman Kodak Company) described by Greger- 
sen, Gibson and Stead (4). In our early work 
dye concentration was measured in the Hilger 
spectrophotometer as described by Graff and 
Clarke (5) ; this method permits separate identi- 
fication of the color due to dye, of the natural 
color of the plasma, and of extraneous color aris- 
ing through hemolysis. The method consumes 
much time and in our hands has not brought in- 
creased accuracy over that obtainable in a color- 
imeter when certain precautions are observed. 
The first precaution is that the technic of blood 
sampling be such that hemolysis of red cells is 


- The liver extract was Liver E.xtract Number 343 fur- 
nished through the kindness of Eli Lilly and Comp.any. 
Cod liver oil was given in all diets in the form of Cod 
Liver Oil Stearine contributed by Mead Johnson and 
Company. In a few experiments the diet was supple- 
mented by the addition of a concentrate of rice polishings 
known by the trade name of Ryzamin-B and donated by 
Burroughs Wellcome and Comp.any. 
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avoided or reduced to a veiy slight amount. Fre- 
quent examination of plasma in a Bausch and 
Lomb spectrometer has demonstrated the feasi- 
bility of obtaining a majority of samples without 
contamination by hemoglobin. When slight he- 
molysis has occurred and the blue dye, T-1824, is 
being used it is possible to eliminate that portion 
of the spectrum in which the absorption of light 
by hemoglobin is strongest by using a red filter, 
Wratten No. 72, in the colorimeter. The second 
precaution is that the known and unknown mix- 
tures of dye and plasma which are to be compared 
in the colorimeter should match as closely as pos- 
sible. Te secure close matching it is frequently 
necessary to prepare a second standard after the 
result of comparing the first with the unknown 
mixture has been obtained. In general, the nec- 
essity for close agreement between the two mix- 
tures increases in proportion to the intensity of 
natural plasma color. The colorimeter compari- 
son is made with the purpose of ascertaining the 
factor which relates concentration of dye in the 
unknown mixture a to concentration of dye in the 
known mixture b — that is, one seeks for the ratio 
of a to 6. Actually since both mixtures contain 
an equal amount of plasma, the natural color c 
of which is variable, the colorimeter gives the 
ratio of a to 6 -k r- It is clear that this latter 
ratio approaches the value of the desired ratio 
under two conditions, namely, when natural color 
c is very small and when the two solutions nearly 
match so that both ratios approach unity. Dye 
injections were made into the jugular vein; sam- 
ples for analysis were withdrawn from the femo- 
ral artery and mixed under oil with a measured 
amount of 1.4 per cent solution of sodium oxalate. 
The amount of blood in the mixture was deter- 
mined by weighing. This part of the procedure 
was the same as that described by Graflf and 
Clarke (5) ; the technic of these authors was also 
followed in making the hematocrit estimations. 

The determination of plasma volume and blood 
volume is admittedly not a precise analytic pro- 
cedure; the exact error is not known. In order 
to minimize the influence of the error the average 
of findings in a number of experiments will be 
reported rather than the measurements on single 
animals. The significance of such averages can 
be established by statistical methods even though 
the error of single measurements is unknown. 


REPRESENTATIVE PROTOCOL 

The data upon which this report is based repre- 
sent serial observations in 81 experiments per- 
formed on 38 dogs. The duration of the experi- 
ments was from 21 to 108 days. Approximately 
140 measurements of blood volume were utilized 
in calculating the average values which are to be 
given. Since so much observational data cannot 
be presented in detailed form, the following sin- 
gle protocol is offered as representative of the 
longer type of experiment from which the data 
were assembled. 

Dog S-d9, a male of police type, aged about 1 year, 
was placed on the basal low protein diet supplemented by 
the addition of 90 grams of casein daily on March 4, 
1935. The diet was well taken and resulted in a rapid 
gain of 3 kilos ; the feeding of casein was continued until 
the weight had been stationary for 8 days. On April 1 
(first experimental day) the casein was removed from 
the diet and the period of low protein feeding commenced 
at a level of 75 calories per kilo of weight per day. The 
basal diet was supplemented by the daily addition of 0.4 
gram of a concentrate of rice polishings and of 11.0 
grams of liver extract. There were no refusals until 
the 53d experimental day. At this time the appetite be- 
gan to fail ; on the 65th day the diet was reduced to one- 
half the original quantity although the supplements were 
continued in the original amounts. This level of feeding 
was maintained throughout the remainder of the experi- 
ment; because of anorexia the diet often had to be fed 
forcibly. Edema first appeared over the dorsa of the 
hind feet on the 59th day. During the next 10 days the 
edema increased in amount and extended to involve all 
four legs. Thereafter it fluctuated in amount but grad- 
ually became massive in the hind legs. Ascites did not 
develop and the edema of the forelegs was always mod- 
erate. The animal was sacrificed on the lOlst day by 
injecting ether into the heart. During the experiment the 
following measurements were made: 

Albumin per 100 cc. serum: 1st day, 3.39 grams; 22d 
day, 2.65 grams; 43d day, 2.20 grams; 60th day, 1.66 
grams; 64th day, 1.58 grams; 72d day, 1.54 grams; 87th 
day, 1.24 grams. 

Relative red cell volume: 1st day, 42.3 per cent; 22d 
day, 45.1 per cent; 43d day, 41.8 per cent; 47th day, 41.0 
per cent; 68th day, 34.7 per cent; 72d day, 32.6 per cent; 
89th day, 32.2 per cent. 

Erythrocytes per cubic millimeter of blood: 1st day, 
5.38 million; 29th day, 6.33 million; 50th day, 5.56 mil- 
lion; 68th day, 4.62 million; 80th day, 5.10 million; 87th 
day, 5.13 million. 

Hemoglobin per 100 cc. blood: 1st day, 14.5 grams, 
29th day, 17.0 grams; 50th day, 14.5 grams; 68th day, 
11.6 grams; 80th day, 12.2 grams; 87th day, 10.9 grams. 

Plasma volume: 1st day, 744 cc.; 22d day, 636 cc.; 43 
day, 676 cc. ; 72d day, 687 cc. 
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Erythrocyte volume : 1st day, 546 cc. ; 22d day, 522 cc. ; 
43d day, 486 cc. ; 72d day, 331 cc. 

Body weight (actually determined daily) : 1st day, 16.2 
kilos ; 20th day, 15.0 kilos ; 40th day, 14.5 kilos ; 60th day, 
14.0 kilos; 80th day, 12.6 kilos; 100th day, 11.6 kilos. 

EXPERIMENTAL OBSERVATIONS 

Effect of the low protein diet on relative red 
cell volume and hemoglobin. Direct measurement 
of hemoglobin has not been a routine procedure in 
the conduct of these experiments ; however, meas- 
urements of relative red cell volume in hematocrit 
tubes have been made regularly. There are 21 
protocols with sufficient data to permit following 
the course of this measurement through a period 
of 80 to 90 days on the diet. The findings are 
presented in Figure 1 in the form of an average 


the final value at the end of 3 months is as high as 
it is, namely, 72 per cent of the initial level. 

Since there is no obligatory parallelism between 
relative red cell volume and hemoglobin, four ani- 
mals were selected for a more intensive study in 
which erythrocyte counts, hemoglobin determina- 
tions, and hematocrit readings were made at regu- 
lar intervals during maintenance on the diet. 
From the data obtained the value for each of the 
three measurements at 10-day intervals was de- 
termined by interpolation ; the resulting values for 
each of the 4 dogs were averaged; these average 
figures were finally expressed as percentages of 
the mean level during the entire experiment. 
This method of expressing the results permits one 
to chart the three measurements on the same scale 



DAYS ON PROTEIN DEFICIENT DIET 

Fig. 1. The Average Result of Hematocrit Readings in 21 Dogs during Mainte.nance 

ON THE Low Protein Diet 


curve for the 21 animals. The average relative 
red cell volume increases during the first 20 to 
30 days of maintenance on the diet and thereafter 
declines gradually but progressively. The initial 
value is 46.6 per cent cells; the last value re- 
corded after 90 days on the diet is 33.7 per cent 
cells. The conclusion is warranted that mainte- 
nance on the diet eventually leads to a decrease in 
relative red cell volume but it is interesting that 


so that changes in one measurement which are 
exactly proportional to changes in another will 
produce identical lines on the chart. Figure 2 
presents the findings with these animals. The 
three curves representing hematocrit, hemoglobin 
and number of erythrocytes, although not identi- 
cal, do follow the same trend witli sufficient close- 
ness to make it clear that \'ariations in relative red 
cell volume in these experiments provide a satis- 
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Fig. 2. Relative Vauiations in Per Cent Cell Volume, Hemoglobin Concentration and Number 
OF Erythrocytes in 4 Docs during Maintenance on the Low Protein Diet 


factory measure of associated variations in hemo- 
globin and red cell count. This conclusion is sup- 
ported by the failure to observe consistent changes 
in the color index during the experiments. The 
three curves in Figure 2 follow the same general 
course as the line in Figure 1, that is, there is an 
initial rise which reaches a peak in about 30 days 
and thereafter a progressive fall. 

Effect of the low protein diet on the volume of 
plasma and red cells in the circulation. An ex- 
planation of the initial rise in hemoglobin as well 
as a better measure of the final depletion are 
forthcoming when one examines data obtained in 
measurements of blood volume. The average 
findings with ten dogs are presented in Figure 3. 
The total volume of circulating erythrocytes de- 
clines progressively during maintenance on the 
diet; there is no initial rise and the final volume 
which is reached after 80 days is about half (53 
per cent) of the initial. Extended to 90 days by 
extrapolation, for comparison with Figure 1, the 
data permit an estimate of about 46 per cent of 
the total red cells remaining in the circulation for 
this length of time; the estimate from Figure 1 


which was based solely on concentration of red 
cells was 72 per cent and was far from the true 
degree of hemoglobin depletion. Figure 3 also 
records a progressive decline in total blood volume 
during maintenance on the diet. However, the 
plasma volume decreases during the initial 20 to 
30 days only ; thereafter, it is maintained at an 
approximately constant value. Because the early 
decline in plasma volume takes place at a more 
rapid rate than the decrease in cell volume it fol- 
lows that the concentration of red cells must rise 
during this period. The data therefore offer an 
explanation for the early increase in concentration 
of red cells and hemoglobin which was shown in 
Figures 1 and 2. 

That deficits in serum albumin are associated 
with diminished volume of the plasma has been 
established by Harrow and Buckman (6) for 
children with nephrosis, by Chang (7) for hu- 
mans with nutritional edema, by Lepore (8) for 
hypoproteinemic dogs, and by others. The re- 
sults in these experiments are therefore in agree- 
ment with data recorded elsewhere. The fact 
that the plasma volume does not continue to fall 
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after 20 to 30 days on the diet does not mean that 
at this stage it is no longer sensitive to changes 
in albumin concentration. At any stage of serum 
albumin depletion an immediate rise in plasma 
volume will occur if the albumin concentration is 
raised by transfusions with serum (9). The 


by the serum protein concentration only insofar 
as the cell volume is constant.” 

Depletion of hemoglobin during the early stages 
of maintenance on the low protein diet. From 
Figure 3 it is seen that the diminution in volume 
of red cells and therefore in hemoglobin appears 



DAYS OM LOW PROTEIH DIET 

Fig. 3. Changes in Blood Volume, Plasma Volume and Red Cell 
Volume during Maintenance on the Low Protein Diet 


maintenance of plasma volume at a constant level 
during the later stages can only mean that another 
limiting factor has come into play, namely, the 
total blood volume. Since the loss of red cells 
appears to go on relentlessly it is perhaps not 
surprising that further reductions in blood volume 
should be opposed by a force strong enough to 
compensate for the effect on plasma volume of 
increasing albumin depletion. Melnick and Cow- 
gill (10) have observed an identical phenomenon 
in dogs subjected to plasmapheresis; they state 
that “ the plasma volume appears to be regulated 


to begin at once when the dietary protein is in- 
sufficient. Because this circumstance implies the 
absence of a reserve store of hemoglobin in the 
body, it is worth while to establish the e.xistence of 
an early change by rigid statistical methods. Ob- 
servations in 60 experiments are available for this 
purpose. With these animals measurements were 
made initially and again after 3 weeks on the diet. 
The average findings shown in Table I are in 
agreement with the corresponding portion of the 
curves in Figures 1, 2 and 3. During the 3 weeks 
there is a rise in relative red cell volume and a fail 
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TABLE I 

Average change in the blood of 60 dogs after maintenance for 
3 weeks on the low protein diet. Average weight of 
the dogs — 19.3 kilos 



Hematocrit 

Total circulating volume 

1 

Plasma 

Red cells 

Blood 

1 

per cent 

cr. 

CC, 

CC, 

Initial 

47.5 

935 

859 

1793 

3 weeks 

49.4 

817 

811 

1628 

Change 

1.9 

118 

48 

165 


in plasma volume, in red cell volume and in total 
blood volume. The average decrease in red cells 
is 47.6 cc. or 5.5 per cent of the average initial 
cell volume. The decrease of 47.6 cc. possesses a 
probable error of ±: 6.25 cc. ; the ratio of the de- 
crease to its probable error is 7.6 and indicates 
that the probability of a decrease being due to 
errors of sampling and measurement is less than 
one in a million. 

Depletion of hemoglobin then is clearly demon- 
strable in as short a time as 3 weeks when the 
dietary protein is inadequate. Indeed, there is no 
evidence in the experiments that the depletion 
does not begin at once, that is, there is no evi- 
dence of a reserve supply either of hemoglobin or 
of precursors of hemoglobin which are being uti- 
lized to maintain a constant amount in the circula- 
tion. If such reserves are called upon their effect 
must be offset by other factors within a very few 
days. This finding has at least theoretical interest 
since Whipple and his collaborators (11) have 
demonstrated clearly that the body does contain a 
reserve supply of hemoglobin-building material 
which can be mobilized to assist in recovery from 
the anemia which follows hemorrhage. In the 
present experiments the failure of normal hemo- 
globin production is probably not concerned with 
the chromogenic iron-containing portion of the 
hemoglobin molecule; it probably results from in- 
sufficiency of the protein, globin. Presumably all 
of the body proteins, and among them globin, are 
affected by the faulty diet. Moreover, it would 
seem that the reserve stores of protein, which un- 
der acute stress are capable of yielding new hemo- 
globin, are gradually depleted along with the glo- 
bin and other body proteins. Thus one observes 
no evidence of reserve hemoglobin material in 
experiments of this type. The point is worthy of 


emphasis because the experimental conditions are 
such as must often be duplicated in the clinic. 

Relative aspects of the depiction of the circula- 
ting proteins. By combining the data from a pre- 
vious article (1) concerning the fall in concentra- 
tion of albumin and globulin in the serum during 
maintenance on the diet with the findings in this 
investigation of the changes in the circulating vol- 
umes of plasma and of red cells, it is possible to 
determine the relative extent to which the several 
circulating proteins are depleted. The result of 
such a calculation is presented in Figure 4. The 
albumin of the serum suffers the greatest per- 
centage depletion ; after 80 days only 30 per cent 
of the original amount remains in the circulation. 
With hemoglobin, about 50 per cent remains. 
The losses contrast sharply with the slight de- 
gree to which the serum globulin is affected; 90 
per cent of the initial supply is still circulating at 
the end of the same period. Figure 4 also shows 
the average percentage loss in body weight during 
the experiments. Although the meaning of this 
weight line is somewhat confused by the tendency 
toward edema formation, it is probably sufficient 
to show that the losses in hemoglobin and in se- 
rum albumin are greater, and the loss in serum 
globulin is less, than the loss in total body mass. 

The percentage losses shown in Figure 4 do 
not indicate the actual quantities of the several 
proteins which are removed from the circulation. 
The distinction assumes importance from the cir- 
cumstance that a healthy dog has in his circulation 
about nine times as much hemoglobin as serum 
albumin. The 50 per cent loss of hemoglobin 
therefore refers to a much larger amount of pro- 
tein than the 70 per cent loss of albumin. From 
the data obtained in the experiments in which 
simultaneous measurements of relative red cell 
volume and hemoglobin were carried out, it is 
estimated that the average initial level of hemo- 
globin in the ten dogs of the blood volume series 
was 15.3 grams per 100 cc. of blood. The cor- 
responding average for blood volume was 93 cc. 
per kilo and for body weight it was 16.7 kilos. 
From these data the average total circulating 
hemoglobin per dog can be computed ; it was 237 
grams. Since 47.2 per cent (from values in Fig- 
ure 4) of this hemoglobin disappeared during a 
period of 80 days on the diet, the total loss m 
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hemoglobin per dog is found to be 112 grams. In 
a similar way the loss in serum albumin is found 
to be 18.3 grams and the loss in serum globulin 
is 2.4 grams. 


is shown graphically in Figure 5. Roughly one- 
fifth of the body protein which is catabolized by 
the dog during this period of insufficient protein 
intake is withdrawn from the circulation; the re- 



Fic. 4, Losses in the Circulating Proteins during Maintenance on 
THE Diet Expressed as Percentages of the Original Amount Remain- 
ing AFTER Various Time Intervals 


The results of the preceding calculation are 
conveniently expressed in relation to an approxi- 
mation of the total nitrogen loss from the body 
during the same period. From the results of 
studies of the nitrogen balance in another series 
of five dogs on the same diet (1), we have esti- 
mated an average daily loss of nitrogen of 1.2 
grams for dogs whose weights correspond to those 
in the present series. This means a loss of pro- 
tein of 7.5 grams per day or a total loss during 
80 days of 600 grams of protein. The relation- 
ship between this approximation of the total loss 
of protein and the losses in circulating proteins 


maining four-fifths is contributed by tissues out- 
side the circulation. Within the blood stream the 
relative contributions are: hemoglobin, 18.7 per 
cent; albumin, 3.1 per cent; globulin, 0.4 per cent. 
Moreover, the circumstance that the several circu- 
lating proteins are involved both relatively and 
absolutely to different e.xtents in the process of 
protein catabolism suggests strongly that the pro- 
teins of organs and other body tissues are like- 
wise involved to different degrees. This is in 
agreement with the recent e.xperinients of .Addis, 
Poo and Lew (12) who have shown with rats 
that during a seven-day fast the liver loses 40 per 
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cent of its original protein, the kidneys and the that the formation of erythrocytes and the pro- 
blood 20 per cent each, the heart 18 per cent, the duction of hemoglobin are essentially independent 
brain 5 per cent, and that there is no loss of pro- physiological processes, then it must be admitted 
tein fiom the eyes, the testicles or the adrenals. that these dogs do not build red cells in a nom'ial 



Fig. 5. Relationship between the Total Loss of Protein from 
THE Body and the Losses in the Circulating Proteins after 80 
Days on the Low Protein Diet 


COMMENT 

When the investigations reported in this paper 
were discussed at the meeting of the American 
Pediatric Society, Cooley (13) objected to inter- 
preting the experiments as indicating defective 
formation of hemoglobin. Since, during main- 
tenance on the low protein diet, the changes in the 
hemoglobin level parallel those of the erythrocyte 
count, Cooley thought there was an equal proba- 
bility that the defect was one which concerned 
the structural material for cell building. This 
, possibility cannot be denied. Indeed, if it is true 


way. If they did, one would expect to find a sec- 
ondary anemia of the type which results from 
deprivation of iron, that is, an anemia with low 
hemoglobin, relatively high erythrocyte count, and 
low color index. However, the low protein diet 
is known to produce general depletion of the 
stores of protein in the body; for this reason it 
is difficult to believe that the depletion of hemo- 
globin is entirely secondary to an inability of the 
body to manufacture the structural material of 
cells. It is easier to think that the formation of 
both erythrocytes and hemoglobin is inhibited by 
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the diet. The point which Cooley has raised is of 
considerable interest. It is not, however, con- 
cerned with the basic fact that dogs during main- 
tenance on a low protein diet lose a large amount 
of hemoglobin and that this loss constitutes an 
appreciable portion of the total nitrogen which is 
removed from the body. 

From the clinical standpoint this work has 
served to stress again the important relationship 
which exists between the total volume of the 
plasma and its albumin concentration. It further 
emphasizes the fact that the usual hemoglobin 
determination is liable to give a false picture of 
the total hemoglobin when the conditions are such 
that the plasma volume is changing. Many pa- 
tients with illnesses of brief duration experience 
anorexia and as a result show a moderate deple- 
tion of albumin in the serum. With these patients 
the hemoglobin level is usually unaffected; with 
more protracted illness anemia is a common se- 
quel. In the light of this work it appears likely 
that this early maintenance of a normal con- 
centration of hemoglobin in the blood should be 
interpreted not as an evidence of a “ reserve 
store” of hemoglobin in the body but as an ex- 
pected phenomenon when both erythrocytes and 
the volume of the plasma are decreasing at the 
same rate. In another group of patients it is 
sometimes necessary to interpret correctly the sig- 
nificance of a rapid fall in hemoglobin concentra- 
tion at a time when the volume of the plasma is 
increasing rapidly. This phenomenon is encoun- 
tered in the nutritional type of hypoalbuminemia ; 
with the institution of high protein feeding the se- 
rum albumin and with it the plasma volume in- 
crease rapidly, and the hemoglobin declines. In 
one patient whom we were permitted to observe, 
the fall in hemoglobin was so marked, from 14.4 
to 9.8 grams per 100 cc. blood after four weeks 
of high protein feeding, that her attending physi- 
cian became alarmed and ordered a transfusion. 
With this patient the decline in the hemoglobin 
level was associated with a rise in the concentra- 
tion of protein in the serum from 3.2 to 5.4 grams 
per cent ; it is almost certain that the hemo- 
globinemia resulted from the increase in plasma 
volume which accompanies a rising albumin con- 
centration and that it was not an evidence of dis- 
appearance of hemoglobin from the body. 


SUM il ARY 

Dogs maintained on a diet deficient in protein 
exhibit in the blood an initial rise and later a pro- 
gressive fall in relative red cell volume, in red cell 
count, and in hemoglobin concentration. Meas- 
urement of the total volume of red cells in the cir- 
culation shows that the decline in hemoglobin is 
continuous from the time of starting the diet. 
Measurement of the total amount of plasma in 
the circulation discloses an initial rapid fall to a 
volume which is then maintained for the duration 
of the experiment. Because the early decreases 
in circulating volumes affect both plasma and 
erythrocytes, the usual red cell counts and hemo- 
globin determinations fail to record the progres- 
sive loss from the circulation. 

The decrease in volume of the red cells is de- 
monstrable with statistical certainty after main- 
tenance on the diet for as short a time as 3 weeks. 
This circumstance argues against the existence of 
a “ reserve store ” of hemoglobin-building mate- 
rial which can be utilized to maintain a constant 
level of hemoglobin in the blood. Since such a 
reserve is clearly demonstrable when the hemo- 
globin is depleted by hemorrhage, it appears that 
not only the circulating hemoglobin but also the 
reserve stores are depleted by the diet. 

When the loss of the circulating proteins dur- 
ing a period of 80 days on the diet is expressed 
as a percentage of the original quantity present, 
it appears that serum albumin suffers the greatest 
depletion, that hemoglobin is somewhat less in- 
volved, and that serum globulin is veiy slightly 
affected. When the loss is considered in terms of 
absolute quantity of protein removed from the 
circulation, it is six times as great for hemoglobin 
as for serum albumin and seven times as great for 
serum albumin as for serum globulin. When the 
loss of protein from the circulation is compared 
with the total loss of protein from the body, it 
appears that about one-fifth of the total loss is 
from the circulation and that about four-fiftiis is 
from tissues outside the blood stream. 

It is pointed out that the depletion of liemo- 
globin brought about by the diet may not result 
entirely from a defect in the ability to form hemo- 
globin but that there may also be a failure to pro- 
duce the structural material for building red cells. 
A group of clinical patients is cited in whom tl’.e 
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results of serial hemoglobin determinations can 
be interpreted in the light of findings in this in- 
vestigation. These are patients who are develop- 
ing or recovering from deficits in serum albumin 
and in whom the hemoglobin level will be affected 
by the associated changes in plasma volume. 
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Water is constantly vaporizing from the hu- 
man skin surface as an important part of the heat 
regulatory mechanism. There’ are two sources 
for water to be vaporized: there is always va- 
porization which occurs as a result of the water- 
rich human mass existing in a relatively dry at- 
mosphere. Water lost in this way is spoken of 
as “ insensible loss of water.” When the amount 
of heat carried away by this process is insufficient 
to maintain the homeothermic state, an additional 
supply of water is pumped onto the surface of 
the skin by the sweat glands to aid in the cooling 
process. 

There have been many analyses of sweat; and 
quantitative studies of water and minerals lost 
through the skin during sweating have also been 
made (1, 2, 3, 4, 5, 6). Usually in studies of the 
latter type, one does not know how much of the 
total loss of water and inorganic salts is from the 
sweat glands. There is, in the literature, insuffi- 
cient data regarding the amount of minerals lost 
through the skin when sweating is avoided. Men- 
tion of the most noteworthy of such data follows. 
McCance (7) in his studies of sodium chloride 
deficiency in man has taken into account the loss 
of minerals and nitrogen in the “ insensible per- 
spiration ” both during salt restriction and re- 
covery. Cole and Curtis (8) have measured the 
iodine lost through the skin in some of their iodine 
balance studies. Swanson and lob (9) measured 
the cutaneous loss of some inorganic elements in 
babies 2 to 24 weeks old, and although the subjects 
were kept in rooms with the temperature main- 
tained almost constant between 75 and 78° F., the 
elimination of elements “ in sweat ” is reported. 
These workers determined the daily loss of so- 
dium, potassium, calcium, phosphorus and chlo- 
rides and found that the amount of potassium lost 
through the skin was more than 30 per cent of 
the “ retention ” calculated in the usual manner. 
Neglecting loss through the skin caused consider- 


able error in the sodium and chloride balances 
also, but the calcium and phosphorus losses 
through the skin were negligible. . 

W'ith the exception of the work of McCance 
(7) none of the literature cited gives us any in- 
formation regarding the cutaneous loss of min- 
erals from the healthy adult man who is not 
sweating. We have therefore conducted the fol- 
lowing investigation in order to .obtain such in- 
formation. 

EXPERIMENTAL 

The subjects for the experiments were two healthy 
adult men who went about their usual laboratory duties 
with special precautions only to keep themselves cool 
enough to prevent sweating. Special clothing worn dur- 
ing the experiment consisted of medium weight cotton 
underwear and socks which had previously been thor- 
oughly washed in distilled water until free of chloride. 
This clothing covered the entire body with the excep- 
tions of the hands, head and neck. No special precautions 
were taken with the outer clothing except that new shoes 
were worn. Food and water were uncontrolled e.xcept 
that during the second experiment on Subject B and for 
the three preceding days the intake of sodium chloride 
was rigidly restricted. 

After a cleansing bath with soap and tap water the 
subject bathed in three successive changes of distilled 
water rubbing himself vigorously with a wash cloth dur- 
ing each washing, then dried himself. The wash cloth 
and towels used had previously been treated to remove all 
soluble minerals. He then donned the underwear, the 
socks, and his regular clothing and went about his daily 
routine. Twenty-four hours later the three baths in 
distilled water were repeated in the same way and all 
washings saved. The underwear, socks, wash cloth and 
towels used during the experiment were washed again in 
distilled water and all washings combined with the bath 
water. The combined washings and bath water were 
evaporated to less than a liter and the insoluble material 
removed by centrifuging. The precipitate was washed 
four times and the washings added to the soluble frac- 
tion. This solution was then evaporated to a small vol- 
ume and finally made to 100 cc. .Aliquots were used for 
the following determinations: sodium, Butler and Tul- 
hill (10): potassium, Shohl and Bennett (11); chloride 
by a modified Vohlhard-Harvey titration (12) after re- 
moval of the silver chloride by filtering; sulfate was 
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The cutaneous elimination of sodium, potassium, chloride, 
stdfate sulfur and nitrogen, and the, urinary excretion 
of sodium and chloride during the 2-l'hour studies 



Subject A 

Subject U 

1 

2 

1 

2 


j 



mum. 

Cutaneous excretion 

1 

j 



Sodium 

209 j 

182 

71 

131 

Potassium 

148 j 

133 

140 

179 

Chloride 

248 i 

220 

146 

153 

Sulfate sulfur 

60 

106 

95 

91 

Nitrogen 





Soluble 

180 

190 

200 

230 

With the precipitate. . . 

74 

330 

100 

i 184 


: srams 

^rams 

1 

grains 

Urine 

i 


1 


Sodium 



3.749 

0.798 

Chloride 

11.289 

8.662 

! 

6.780 

1 

1.818 


weighed as barium sulfate; nitrogen by modified Pregl 
micro-Kjeldahl (13) ; calcium, by the method of Shohl 
and Pedley (14) ; and phosphate by the Fiske-Subbarow 
method (IS). 

The same methods were used for the estimation of so- 
dium and chloride of the urine collected during the ex- 
periment. 

Two 24-hour experiments were carried out on each of 
the two subjects. The results of these experiments are 
recorded in Table I. The sodium of the bath water 
varied from 71 to 209 mgm. ; the potassium was 133 to 
179 mgm.; the chloride was 146 to 248 mgm.; and the 
sulfate was 60 to 106 mgm. of sulfur. Neither calcium 
nor phosphate was found. No attempt was made to bal- 
ance the anions and cations by the determination of 
other metals or acids or of pH. In the precipitate, which 
is made up of lint from the towels and clothing along 
with variable amounts of cellular debris and hair, the 
amount of nitrogen would be expected to vary consid- 
erably. The nitrogen in solution was found to be 180 
to 230 mgm. 

DISCUSSION 

It had previously been found by Wiley, Wiley 
and Waller (16) that Subject B over a period of 
77 days excreted an average of 37 mgm. of so- 
dium per day. The same subject lost 71 and 131 
mgm. of sodium daily through the skin during 
the two experiments reported here. These values 
illustrate the relative importance of measuring the 
sodium lost by the two paths of excretion. Dur- 
ing the low intake of sodium chloride, particularly, 
(second experiment on Subject B), cutaneous ex- 
cretion cannot be disregarded, for in this experi- 
ment more than 14 per cent of the total urinary 
and cutaneous sodium is lost through the skin. 


This experiment also shows that the loss of so- 
dium, chloride and other minerals through the 
skin does not vary with the intake of sodium chlo- 
ride or with the amount in the urine. 

It is interesting to compare our findings with 
those reported by McCance (7). During a "re- 
covery period ” of 5 days one of McCance’s sub- 
jects lost 370 mgm. of sodium and 670 mgm. of 
chloride in the " insensible perspiration.” These 
values are equivalent to 74 mgm. of sodium and 
134 mgm. of chloride per day. Another subject 
lost 98 mgm. of potassium per day in her "in- 
sensible perspiration.” The amounts are of the 
same order but lower than those reported here. 

Even though special care was taken to avoid 
sweating, we wished to prove that the inorganic 
elements found in these studies did not come from 
unnoticed sweat. Further, we wished to eliminate 
the possibility that inorganic salts might have 
reached the ganuents worn from a source other 
than the skin. Accordingly a 12-hour experiment 
was carried out while Subject B lay nude on a 
rubber sheet in a secluded room in which the tem- 
perature was maintained at 25 to 28° C. During 
this period there was no detectable moisture on 
the skin. The insensible loss of weight for this 
12-hour period, determined by the method of 
Newburgh, Wiley and Lashmet (17), was 397 
grams. Sixty-two grams were lost due to the 
difference in weight between outgoing CO. and 
incoming O.. The remainder, 335 grams, was 
water vaporized from the lungs and skin. Under 
the prevailing conditions about % of the water 
vapor comes from the skin, thus about 225 grams 
of water was vaporized from the skin. It carried 
with it 32 mgm. of sodium, 47 mgm. of potas- 
sium, 53 mgm. of chloride and 34 mgm. of sul- 
fate sulfur. Comparing these 12-hour values ob- 
tained during rest with those for Subject B in 
Table I, and realizing that the insensible loss of 
water is considerably greater when the subject is 
up and about, it is obvious that little if any of 
the 24-hourly values of the substances studied 
could have come from sweat or sources other 
than the skin. 

According to Fishberg and Bierman (5) sweat 
contains about 1880 mgm. of sodium, 3000 mgm. 
of chloride and 200 mgm. of potassium per liter. 
Then insensible water contains a much lower con- 
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centration of sodium and chloride and approxi- 
mately the same concentration of potassium as is 
found in sweat. The higher K:Na ratio of in- 
sensible perspiration as compared with sweat has 
been pointed out previously (4, 6). 

SUMMARY 

Experiments were conducted to measure the 
loss of certain inorganic elements through the 
skin of two healthy adult men while precautions 
were taken to prevent sweating. No calcium or 
phosphorus was found. The 24-hourly elimina- 
tions of the other substances studied were : sodium 
71 to 209 mgm., potassium 133 to 179 mgm., 
chloride 146 to 248 mgm. and sulfate sulfur 60 
to 106 mgm. The cutaneous loss of sodium and 
chloride did not vary with the intake or urinary 
output of sodium chloride. 

The amounts involved are of considerable im- 
portance for the accurate determination of the 
exchange of these elements as commonly done in 
mineral “ balance ” studies, and unless the cu- 
taneous excretions are actually measured, suitable 
additions should be made to the outgo to correct 
for losses through the skin. 

The authors gratefully acknowledge the many helpful 
suggestions made by Dr. L. H. Newburgh throughout 
this study. 
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V'arices of the saphenous systems of veins are 
a consequence of the inadequate valves present 
and the resulting imperfect circulation. Altered 
venous pressure relationships as one phase of this 
impaired circulation have heretofore received lit- 
tle attention. The extremely abtionnal pressure 
relationships found in varicose veins, appear only 
during activity. The only method worked out for 
measuring the fluctuating venous pressure of ex- 
ercise at the ankle, is that of Beecher, Field and 
Krogh (1). This method has been applied in 
the present study to a consideration of venous 
pressures during light and moderate exercise 
(walking) in patients with severe varices of the 
great saphenous system of veins. The pressure 
relationships found have been compared with 
those of normal subjects. The data obtained have 
been considered from the point of view of Star- 
ling’s concept of the formation of tissue fluid and 
the formation of lymph. 

The method for determining the fluctuating 
venous pressure has been described (1). Fur- 
ther experience with the method has made it pos- 
sible to shorten appreciably the time of a deter- 
mination. This is accomplished by minor changes 
of the apparatus and procedure. No change of 
principle has been found necessary. The revised 
method will be described briefly. 

apparatus and method 

With each step, the venous pressure at the ankle fluc- 
tuates ; this occurs as a consequence of weight bearing, or 
the squeezing of veins by muscles. To determine the 
venous pressure during walking, a maximum pressure 
(Ps) and a minimum pressure {Pd) must be determined 
during the step. These are analogous to systolic and 
diastolic pressures. It is also of interest to determine the 
pressure in the veins at rest immediately after the cessa- 
ticai of walking (Po), and the pressure after fifteen min- 
utes of motionless standing (P,;). In considering normal 
subjects it has been shown (1) that the degree of exer- 


cise as well as the rate has an important effect on the 
venous pressure and on the pressure gradient from arteri- 
olar to venous end of the capillary; accordingly, a stand- 
ing (i.e. non-progressing) walk at two differing degrees 
of effort at the rate of forty steps per minute was used. 
Light exercise consisted in a standing walk at this rate, 
employing a low step with relaxed ankle, in which the 
ball of the foot was barely raised from the floor. Mod- 
erate exercise was obtained by a high step at the same 
rate ; here, the foot was raised with relaxed ankle so that 
the toes were 10 cm. and the heel 25 cm. from the floor. 
A uniform step is very important; failure in uniformity, 
requires repetition of the experiment. Before each e.x- 
periment the subject must take at least 10 steps to acquire 
uniformity and to allow for major adjustments of the 
deep circulation. Fatigue must be guarded against by 
frequent rest periods. 

The modified apparatus is shown in Figures 1 and 2. 
A celluloid capsule 1.7 cm. wide and 0.7 cm. deep was 
sealed with celloidin to one of the prominent ankle veins, 
usually the prolongation of the great saphenous where it 
sweeps anterior to and just above the internal malleolus. 
A bony background, free from moving tendons, is best. 
The capsule (!) must be attached so well that at no time 
during an experiment will the edges separate and allow 
the flange of celloidin against the skin to act as a bel- 
lows with each step. If this occurs, the results are incor- 
rect; consequently, the capsule must be examined before 
removal from the ankle to make certain this has not taken 
place. A flexible rubber tube of 1.5 mm. bore and 1 mm. 
wall thickness, 1.5 meters long was attached to the cap- 
sule. .-V short loop of this was caught against the leg 
with adhesive tape to take all tension off the capsule, and 
the other end attached to the proximal arm of a water 
manometer (2) made of glass tubing of 3.0 mm. bore. 
Each arm was 1.5 meters long. The manometer was 
filled with water to a height of 65 cm. This was fixed 
against a centimeter scale (3). A mercury rc.servoir (■)) 
was arranged, as shown, in order that the air pressure in 
the system might be increased to any desired level. The 
distal end of the manometer was connected through rub- 
ber tubing -!0 cm. long, and of the same dimensions as 
those given above, to a recording device (”). This re- 
corder was made by cutting off a 3 cm. length of the bar- 
rel of a well fitting syringe and inserting in it a 1.7 cm. 
length of the piston. .-\ti air filkd syringe (0> was in- 
serted into the line connecting the water iranr meter v.ith 
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Varices of tlie saphenous s 3 'stenis of veins are 
a consequence of the inadequate valves present 
and the resulting imperfect circulation. Altered 
venous pressure relationships as one phase of this 
impaired circulation have heretofore received lit- 
tle attention. T/ie extremely abnormal pressure 
relationships found in varicose veins, appear only 
during activity. The only method worked out for 
measuring the fluctuating venous pressure of ex- 
ercise at the ankle, is that of Beecher, Field and 
Krogh (1). This method has been applied in 
the present study to a consideration of venous 
pressures during light and moderate exercise 
(walking) in patients with severe varices of the 
great saphenous system of veins. The pressure 
relationships found have been compared with 
those of normal subjects. The data obtained have 
been considered from the point of view of Star- 
ling’s concept of the formation of tissue fluid and 
the formation of lymph. 

The method for determining the fluctuating 
venous pressure has been described (1). Fur- 
ther experience with the method has made it pos- 
sible to shorten appreciabl}^ the time of a deter- 
mination. This is accomplished by minor changes 
of the apparatus and procedure. No change of 
principle has been found necessary. The revised 
method will be described briefly. 

APl^ARATUS AXD METHOD 

With each step, the venous pressure at the ankle fluc- 
tuates ; this occurs as a consequence of weight bearing, or 
the squeezing of veins by muscles. To determine the 
venous pressure during tvalking, a maximum pressure 
(Ps) and a minimum pressure {Pd) must be determined 
durhuj the step. These are analogous to systolic and 
diastolic pressures. It is also of interest to determine the 
pressure in the veins at rest immediately after the cessa- 
tion of walking {Po), and the pressure after fifteen min- 
utes of motionless standing (R,;). In considering normal 
subjects it has been shown (1) that the degree of exer- 


cise as well as the rate has an important effect on the 
venous pressure and on the pressure gradient from arteri- 
olar to venous end of the capillary; accordingly, a stand- 
ing (i.e. non-progressing) walk at two differing degrees 
of effort at the rate of forty steps per minute was used. 
Light e.xercise consisted in a standing walk at this rate, 
employing a low step with relaxed ankle, in which the 
ball of the foot was barely raised from the floor, ilod- 
erate exercise was obtained by a high step at the same 
rate ; here, the foot was raised with relaxed ankle so that 
the toes were 10 cm. and the heel 23 cm. from the floor. 
A uniform step is very important; failure in uniformity, 
requires repetition of the e.xperiment. Before each e.x- 
periment the subject must take at least 10 steps to acquire 
uniformity and to allow for major adjustments of the 
deep circulation. Fatigue must be guarded against by 
frequent rest periods. 

The modified apparatus is shown in Figures 1 and 2. 
A celluloid capsule 1.7 cm. wide and 0.7 cm. deep was 
sealed with celloidin to one of the prominent ankle veins, 
usually the prolongation of the great saphenous where it 
sweeps anterior to and just above the internal malleolus. 
A bony background, free from moving tendons, is best. 
The capsule {!) must be attached so well that at no time 
during an e.xperiment will the edges separate and allow 
the flange of celloidin against the skin to act as a bel- 
lows with each step. If this occurs, the results are incor- 
rect; consequently, the capsule must be examined before 
removal from the ankle to make certain this has not taken 
place. A flexible rubber tube of 1.5 mm. bore and 1 mm. 
wall thickness, 1.5 meters long was attached to the cap- 
sule. .A. short loop of this was caught against the leg 
with adhesive tape to take all tension off the capsule, and 
the other end attached to the pro.ximal arm of a water 
manometer (2) made of glass tubing of 3.0 mm. bore. 
Each arm was 1.5 meters long. The manometer was 
filled with water to a height of 65 cm. This was fixed 
against a centimeter scale (J). A mercury reservoir {■/) 
was arranged, as shown, in order that the air pressure in 
the system might be increased to any desired level. The 
distal end of the manometer was connected through rub- 
ber tubing 40 cm. long, and of the same dimensions as 
those given above, to a recording device (7). This re- 
corder was made by cutting off a 3 cm. length of the bar- 
rel of a well fitting syringe and inserting in it a 1.7 cm. 
length of the piston. An air filled s^'ringe (6) was in- 
serted into the line connecting the water manometer with 
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Fig. 1. Apparatus for Measuring Venous Pressure during Walking 
i, Capsule; 2, Manometer; 3, Scale; 4, Mercury reservoir; 5, Stopcock; 6, Air-filled syringe; 7, Piston 
recorder ; 5, Counterbalance ; 9, Hollow aluminum tube writing arm ; 10, Steel wire writing point ; 11, Kymo- 
graph. 


the piston recorder; this was used to set the writing 
point, a hanging steel wire (id) at any desired level. 
The writing point was suspended from and freely mov- 
able in a plane perpendicular to a fine aluminum tube (9), 
about 1.0 mm. in diameter. This must be attached to the 
piston of the syringe and then carefully counterbalanced 
(5). 

The maximum pressure (Pj) can be determined in two 
ways. Previous work has shown that the two methods 
agree excellently; therefore only one (the direct) was 
employed in this study. Occasionally it was confirmed 
by the indirect. First, it is possible to measure Ps by 
direct observation. One observer watches the vein 
through the capsule (cross lighting increases the accu- 
racy here) while another elevates the pressure in the 
system by raising the mercury reservoir. Finally, a point 
is reached as the pressure rises, where the blood flows 
only during the moment the tensed foot and leg are bear- 
ing all the subject’s weight. The moment of maximum 
pressure occurs just before the foot is raised. When the 
foot is elevated, the vein blanches. When near the end- 
point a further increase of intracapsular pressure of 1 to 
3 cm. H.O prevents the flow even during the moment of 
weight bearing, i.e., the moment of maximum venous 
pressure. This point can be checked easily by the same 
or another individual to within 3 cm. of water. 


Ps can be determined by a second, and in this case ob- 
jective, method. If a high pressure is introduced into 
the system and then gradually lowered while the subject 
walks, it should be possible to find Ps by observing the 
pressure at which waves begin to come through on the 
kymograph (ii). Practically, one must accept the fact 
that however carefully the location of the capsule is 
chosen, there will be some motion of the underlying 
tissues with each step, some change in the intracapsular 
pressure which is not due to blood flow. This will be 
reflected on the kymograph as a curve of constant shape 
and amplitude. Now, if the pressure is gradually 
lowered, a point will be reached where the shape and 
amplitude of the curve shows a sharp change, due to the 
onset of blood flow through the vein imprisoned by the 
capsule. This represents Ps and agrees very well with 
it as determined by the direct method. 

To determine the minimum pressure {Pd) in the vein 
during the step, one starts with a relatively high pres- 
sure, say near Ps, and gradually lowers it. As the pres- 
sure is lowered the volume of the fluctuations of the vein 
underlying the capsule increases and is recorded as a curve 
of greater amplitude on the kymograph. Finally, this 
passes through a maximum and begins to decrease even 
though the intracapsular pressure continues to fall. By 
obtaining short sections of curve, about 25 steps long, for 
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Fig. 2. Apparatus for Measuring Venous Pressure 
DURING Walking 


1, Capsule; 2, Manometer; 3, Scale; 4, Mercury reser- 
voir ; 5, Stopcock ; 6, Air-filled syringe ; 7, Piston re- 
corder ; 8, Counterbalance ; 10, Steel wire writing point ; 
11, Kymograph. 

each 5 cm. H,0 the pressure is lowered in the system; 
this point can be demonstrated sharply in a normal indi- 
vidual. It is convenient to have the kymograph going at 
slow speed so that the tracing of 25 steps will be con- 
densed into about 1.5 cm. length. If, between each sec- 
tion of tracing, stopcock 5 is opened to the atmosphere 
while the pressure in the system is readjusted, the writing 
point will remain at a constant level and the time of ad- 
justing this will be saved. The pressure at which the 
maximum fluctuation of the curve occurs represents the 
minimum venous pressure, for at this point the maximum 
filling and emptying of the vein occurs during the step. 
If the intracapsular pressure be increased above this point 
the vein cannot fill completely, and the amplitude of 
fluctuation is less; a smaller fluctuation also occurs if 
the intracapsular pressure be lowered below the critical 
point. In this case, the smaller fluctuation is due to the 
fact that the vein does not empty completely ; so the criti- 
cal point (at which maximum filling and emptying of the 
section of vein imprisoned by the capsule occur) repre- 
sents the minimum pressure in the vein during walking. 
In normal subjects this can be determined to within 5 cm. 


H-0 pressure, and usually within 3 cm. In cases with 
varicose veins, in which the venous pressure fluctuation is 
lacking, there will be during the course of the experiment, 
a gradual alteration in the curve due to changing pressure 
within the capsule; but in these cases even a slight change 
in amplitude is spread out over a wide pressure range and 
has no similarity to the sharp end-point which is present 
when a truly fluctuating venous pressure exists. 

With a little practice Po can be determined one second 
after the cessation of walking. The pressure in the ankle 
veins after the patient had been standing motionless 
equally on both feet for 15 minutes, P, 5 , was obtained 
without backboard support. This is of use in studying 
the- effect of “ involuntary ” muscular activity. 

Pertinent data regarding the normal individuals and 
those with varicose veins are listed in Tables I and II. 
The subjects were loosely clothed. Studies were started 
only after a 30 minute preliminary rest period. All de- 
terminations were made on barefoot subjects, and, in 
those with varicose veins, on the ones in whom valves of 
the great saphenous system could not be demonstrated 
clinically and in whom gross edema was not present. 
This choice was made since clinical edema in uncompli- 
cated cases of varices is the e.xception. The rate and 
quantity of edema formation in the dependent legs of 
subjects sitting for 2 hours has been measured. Normals 
have been compared with uncomplicated cases with vari- 
cose veins. The edema formation is essentially the same 
in both groups, unless the perforating veins are incom- 
petent. 

DISCUSSION 

The data in Table I indicate that in norma! 
subjects a fluctuating pressure occurs in the 
great saphenous system of veins at the ankle. 
During light exercise this rises to 75 cm. H.^O, 
well above the colloid osmotic pressure of the 
blood (40 cm. HoO), but persists at this high 
level for only one-third of the time required for 
the step (2). During two-thirds of the time re- 
quired for the step the pressure of 28 cm. H.^O is 
well below the colloid osmotic pressure of the 
blood, and the conditions are suitable for the ab- 
sorption of tissue fluid. With increasing severity 
of exercise, the pressures are even more favor- 
able for absorption of tissue fluid directly into the 
venous end of the capillaries; any fluid not so ab- 
sorbed is carried off by the lymphatics. These 
points have been discussed elsewhere (2) and are 
recalled here in order to emphasize the dift'er- 
ences encountered when dealing with varicosities 
of the saphenous system. (See Table II.) The 
most striking abnormality is the persistently high 
and non-fluctuating pressure in the veins. During 
light e.xercise it persists at 96 cm. H.p. The sus- 
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TA11H-: 1* 


Noriiutl subjects 

(Pressures in cm. HjO at ankle level. Average height of heart to mid capsule 125 cm.) 


Subject 

Sex 

I.itjht e.xcrcise (WalkiiiK) 

Moderate exercise (Walking) 


Maxiinuin 

pressure 

Ps 

Miiiiuiuiii 

pre.s.sure 

I\i 

RestiiiK 

I)re.ssure 

0 time 

K 

I’lil.satioii 

pre.ssure 

.Maxiinuiu 

pressure 

G 

Miniinuiii 

pressure 

I’d 

Resting 

pressure 

0 lime 

I’n 

Pulsation 

pressure 

I’. -I’d 

pressure, 

15 minute 
standing 

Fn 

H. B 

cf 

69 

30 

62 

39 

41 

21 

40 

18 

111 



72 

30 

54 

42 

46 

21 

42 

22 

119 

M. N 

o' 

100 

34 

67 

66 

62 

21 

45 

39 

120 



lOS 

26 

71 

82 

69 

20 

52 

49 


C. T 

cf 

51 

15 

45 

36 

46 

10 

41 

36 

95 



59 

10 

48 

49 

50 

9 

39 

42 


0. B 

cf 

105 

30 

96 

75 

66 

IS 

63 

46 




107 

35 

81 

72 

62 

24 

52 

1 

38 


A. K 

cf 

69 

20 

63 

49 

72 

21 

60 

52 

106 

G. B. H 

9 

72 

33 

1 

' 58 

39 

55 

25 

44 

28 

102 



61 

36 

57 

25 

51 

25 

48 

28 


iM. F 

9 

59 

24 

54 

35 

45 

IS 

43 

27 

108 



63 

27 

56 

36 

53 

15 

48 

36 

108 

M. B 

9 

84 

25 

71 

59 

49 

17 

38 

35 

109 



71 

22 

64 

49 

53 

IS 

40 

33 


J. M 

9 

85 

50 

75 

35 

68 

34 

63 

34 




86 

47 

76 

39 

66 

32 

65 

35 


B. K 

9 

62 

17 

54 

45 

62 

14 

63 

46 




69 

18 

49 

51 

64 

11 

53 

49 


Average (to nearest unit) . . 

75 

28 

63 

49 

57 

20 

49 

36 

109 


* Adapted from Beecher, Field and Krogh (1). 


tainecl pressure in the varicosities is more than 
twice the normal colloid osmotic pressure of the 
blood and a gross positive filtration pressure of 
the order of 50 cm. H^O is evident, yet in the 
cases studied gross edema zvas not present. 

It was shown (loc. cit.) that with increasing 
exercise a more efficient circulation was provided 
for by a marked steepening of the pressure gradi- 
ent from the arteriolar to the venous end of the 
capillary. With varicosities this is lacking inso- 
far as it is a result of lowered venous pressure. 
With increasing exercise a tremendous increase 
in washing of the tissues with reabsorption of 
much of the tissue fluid directly into the capillary 
is provided for normally (2, 5, 6, 7, 10). 

With varicosities a sustained high filtration 
pressure e.vists; thus the great burden of remov- 
ing tissue fluid must fall on the lymphatics. The 
lymphatics appear to provide the compensating 
mechanism which permits such high filtration 


pressui'es to exist without gross edema. It is 
jjrobable that in the failure of this compensating 
mechanism some explanation of the severe com- 
plications of varices can be found. 

It will be useful to consider the data from the 
viewpoint of Starling’s theory (11) of the forma- 
tion of tissue fluid. In its simplest form this 
theory considers that the movement of fluid across 
the capillary wall is the resultant of two opposing 
forces, the colloid osmotic pressure of the plasma 
tending to draw fluid into the vessel and the hy- 
drostatic pressure tending to force it out. This 
concept holds true if one remembers that the 
effective pressures are the net pressui'es between 
the inside and the outside of the capillary and if 
one regards what Peters (9) calls the “ subtle 
implications ” of the theory : that the end results 
may be influenced by variable capillary permea- 
bility, by tissue elasticity and by lymph flow. The 
reasons why all three of these are of importance 
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in the case under consideration will be pointed 
out. 

In the tissues drained by the superficial system 
of leg veins a condition exists which is compara- 
ble in some respects to that found in the presence 
of prolonged and marked venous obstruction. 
Landis (6) has shown that venous obstruction is 
followed by elevation of arteriolar capillary pres- 
sure to a height greater than that producing the 
constriction, in the case of a recumbent subject 
with hand at the level of the manubrium stemi. 
Thompson, Thompson and Dailey (12) have 
shown that standing still results in the escape of 
what they describe as approximately protein-free 
fluid from the capillaries to the leg tissue with in- 
crease in leg size. Youmans et al. (14) have 
confirmed the increase of the size of the legs with 
standing. Landis et al. (8) have shown that when 
the venous pressure exceeded 60 mm. Hg (81 cm. 
H 2 O), protein in an appreciable quantity escaped. 
At a venous pressure of 80 mm. Hg (108 cm. 
H 2 O), protein was lost in an amount which indi- 
cated that the capillary filtrate contained an aver- 


age of 1,5 per cent protein. This, of course, 
would facilitate the loss of fluid from the blood 
and would tend to increase the gross filtration 
pressure of 50 cm. HjO referred to above, since 
it would act outside the capillary, von Farkas 
(3) and Govaerts (4) estimate that 1 per cent 
serum albumin produces an osmotic pressure of 
6 to 8 cm. H 2 O. 

In brief, important forces or conditions tend- 
ing to produce tissue fluid here are hydrostatic 
pressure (gravity tends to produce filtration at 
the arterial end and to prevent reabsorption at the 
venous end of the capillary) and the consequences 
of increased capillary permeability. Those tend- 
ing to oppose the production of tissue fluid are 
concerned chiefly with increasing the colloid os- 
motic pressure of the blood. Such increase is 
probably of little effect. It can be explained as 
a result of plasma concentration due to acceler- 
ated filtration and to acidification of the blood due 
to the loss of oxygen and accumulation of carbon 
dioxide causing the red blood cells to withdraw 
fluid from the plasma, as pointed out by Peters. 


TABLE II 

Subjects willt varicose veins 
(Pressures in cm. H2O at ankle level) 




Height 
of heart 
to mid- 
capsule 

Light ezerdse (Walkiog) 

Moderate ezerdse (Walking) 


Subject 

Sez 

Mazi- 

mum 

pres- 

sure 

Pm 

Minimum 

pressure 

Pd 

Resting 

pres- 

sure 

0 time 
F, 

Pulsa- 
tion 
pres- 
sure 
Pm -P d 

Mazi- 

mum 

pres- 

sure 

Pm 

Minimum 

pressure 

Pd 

Resting 

pres- 

sure 

0 time 
Po 

Pulsa- 

tion 

pres- 

sure 

pressure, 
25 min- 
ute 

standing 

Pu 

J. B 

o' 

cm. 

119 

110 

Same as maaraum pressure 

93 

0 

93 

Same as mazimum pressure 

80 

B 

109 



113 

93 


101 

82 

■i 

no 

M. M 

d* 

120 

83 

Same as mazimum pressure 

81 

0 

77 

Same as mazimum pressure 

77 

0 

93 



89 

85 


85 

81 


99 


o' 

127 

114 

Same as mazimum pressure 

104 

0 

! in 

Same as mazimum pressure 

107 

0 

109 



117 

104 


119 

113 


T. M 

o' 

127 

91 

Same as mazimum pressure 

91 

0 

91 

Same as mazimunTpressure 

93 

0 

113 



91 

93 


93 

89 


G. McC 

o’ 

126 

92 

91 

Same as mazimum pressure 

83 

86 

H 

60 

76 

Same as mazimum pressure 

78 

76 

0 


D. S 

o' 

132 

90 

Same as mazimum pressure 

90 


72 

Same as mazimum pressure 

76 

0 

108 



94 

96 

■i 

64 

10 


106 

N. W 

9 

110 

101 

Same as mazimum pressure 

83 

0 

94 

Same as mazimum pressure 

89 

0 

85 



105 

89 


97 

94 


89 

M. A 

9 

111 

79 

Same as mazimum pressure 

81 


85 

Same as mazimum pressure 

85 

0 

85 



79 

85 


89 

87 


87 

D. M 

9 

lOS 

58 

Same as mazimum pressure 

60 


58 

Same as mazimum pressure 

54 

0 

67 



60 

60 


56 

52 


M. H 

9 

117 

129 

Same as mazimum pressure 

122 

0 

115 

Same os mazimum pressure 

110 

0 

no 



129 

124 


115 

114 


no 

Average 

119 

96 

96 

90 

0 

89 

S9 

85 

0 

99 
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Fig. 3. Pressure Relationships at the Ankle Level during Walking, in Normal and Varicose Veins 
The difference between the maximum and minimum pressures represents the pulsation pressure with each 
step; it is lacking in the varicose veins. 
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Fig. 4. Shows the Pressure Fluctuation in Normal Ankle Veins during Two Steps 
Normally for two-thirds of the time of the step the pressure is below the colloid osmotic 
pressure of the blood. The sustained, high venous pressure found in varices during walking 
is shown. 
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Both of these effects would be increased by the 
venous stasis present. Normal tissue elasticity 
would act in opposition to filtration of fluid from 
the capillaries. Presumably, as soon as the 
“ tissue spaces ” were filled with fluid, the elas- 
ticity of the walls of the spaces would oppose 
further filtration. This is supported by Water- 
field (13), who, found that changes in volume 
during standing in subjects in poor training, with 
fat, flabby legs, showed greater increases than 
was the case with subjects who were in training 
and who had tightly knit calves and ankles. 
Krogh, Landis and Turner (5) found that when 
tissue fluid had accumulated to the extent of more 
than 0.6 cc. per 100 cc. of arm tissue, venous ob- 
struction of 15, 20 and at times 30 cm. H^O 
failed to increase further the accumulation. 
Probably at this point of “ saturation,” removal 
through lymphatics begins. 

Tissue tension plus accelerated lymph flow must 
balance the action of the effective filtration pres- 
sure in the subjects studied, for gross edema did 
not appear. The explanation of this balance as 
due in any appreciable degree to a high tissue 
tension, in the absence of gross edema, is tm- 
tenable for physical reasons. Since reabsorption 
into the capillaries is impossible because of the 
high pressures in them, the balance must be main- 
tained by an increased lymph flow. It is evident 
from this data that a high, sustained venous pres- 
sure of the degree indicated above is not of itself 
adequate for the production of gross edema. 

SUMMARY 

Venous pressures at the ankle level have been 
measured during walking in subjects having in- 
competent valves of the great saphenous system. 
Gross edema was not present in the subjects stud- 
ied. A gross filtration pressure of the order of 
SO cm. HjO in excess of the colloid osmotic pres- 
sure of the blood was shown to be present even 
during walking. The conditions present are in 
some respects comparable to those found in the 
presence of a prolonged partial venous obstruc- 
tion. The normal reabsorption of tissue fluid at 
the venous end of the capillary as postulated and 
supported by many investigators is impossible 
here, and all of the tissue fluid must be carried off 
by the lymphatics. It is pointed out that failure 


of this compensating mechanism may be re- 
sponsible for some of the severe complications of 
varicose veins. The data are discussed from the 
point of view of Starling’s theory of the forma- 
tion of tissue fluid. 
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Fig. 4. Shows the Pressure Fluctuation in Normal Ankle Veins during Two Steps 
Normally for two-thirds of the time of the step the pressure is below the colloid osmotic 
pressure of the blood. The sustained, high venous pressure found in varices during walking 
is shown. 
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Both of these effects would be increased by the 
venous stasis present. Normal tissue elasticity 
would act in opposition to filtration of fluid from 
the capillaries. Presumably, as soon as the 
“ tissue spaces ” were filled with fluid, the elas- 
ticity of the walls of the spaces would oppose 
further filtration. This is supported by Water- 
field (13), who , found that changes in volume 
during standing in subjects in poor training, with 
fat, flabby legs, showed greater increases than 
was the case with subjects who were in training 
and who had tightly knit calves and ankles. 
Krogh, Landis and Turner (5) found that when 
tissue fluid had accumulated to the extent of more 
than 0.6 cc. per 100 cc. of arm tissue, venous ob- 
struction of IS, 20 and at times 30 cm. HjO 
failed to increase further the accumulation. 
Probably at this point of “ saturation,” removal 
through lymphatics begins. 

Tissue tension plus accelerated l3miph flow must 
balance the action of the effective filtration pres- 
sure in the subjects studied, for gross edema did 
not appear. The explanation of this balance as 
due in any appreciable degree to a high tissue 
tension, in the absence of gross edema, is un- 
tenable for physical reasons. Since reabsorption 
into the capillaries is impossible because of the 
high pressures in them, the balance must be main- 
tained by an increased lymph flow. It is evident 
from this data that a high, sustained venous pres- 
sure of the degree indicated above is not of itself 
adequate for the production of gross edema. 

SUMMARY 

Venous pressures at the ankle level have been 
measured during walking in subjects having in- 
competent valves of the great saphenous system. 
Gross edema was not present in the subjects stud- 
ied. A gross filtration pressure of the order of 
50 cm. HjO in excess of the colloid osmotic pres- 
sure of the blood was shown to be present even 
during walking. The conditions present are in 
some respects comparable to those found in the 
presence of a prolonged partial venous obstruc- 
tion. The normal reabsorption of tissue fluid at 
the venous end of the capillary as postulated and 
supported by many investigators is impossible 
here, and all of the tissue fluid must be carried off 
by the lymphatics. It is pointed out that failure 


of this compensating mechanism may be re- 
sponsible for some of the severe complications of 
varicose veins. The data are discussed from the 
point of view of Starling’s theory of the forma- 
tion of tissue fluid. 

BIBLIOGRAPHY 

1. Beecher, H. K,, Field, M. E., and Krogh, A., A 

method of measuring venous pressure in the hu- 
man leg during walking. Skandinav. Arch f. 
Physiol, 1936, 73, 7. 

2. Beecher, H. K,, Field, M. E., and Krogh, A., The 

effect of walking on the venous pressure at the 
ankle. Skandinav. Arch. f. Physiol, 1936, 73, 133. 

3. von Farkas, G., tlber die Wirkung des Albumin- 

Globulin-Quotienten auf den osmotischen Druck 
des Serums. Ztschr. f. d. ges. exper, Med., 1926, 
50, 410. 

4. Govaerts, P., Influence de la teneur du serum en 

albumines et en globulines sur la pressionosmotique 
des proteines et sur la formation des oedemes. 
Bull Acad. roy. de med. de Belgique, 1927, 7, 356. 

5. Krogh, A., Landis, E. M., and Turner, A. H., The 

movement of fluid through the human capillary 
wall in relation to venous pressure and to the 
colloid osmotic pressure of the blood. J. Clin. 
Invest., 1932, 11, 63. 

6. Landis, E. M., Micro-injection studies of capillary 

blood pressure in human skin. Heart, 1929-30, 15, 
209. 

7. Landis, E. M., The capillary blood pressure in mam- 

malian mesentery as determined by the micro- 
injection method. Am. J. Physiol, 1930, 93, 353. 

8. Landis, E. M., Jonas, L., Angevine, M., and Erb, VV., 

The passage of fluid and protein through the hu- 
man capillary wall during venous congestion. J. 
Qin. Invest., 1932, 11, 717. 

9. Peters, J. P., Body Water. The Exchange of Fluids 

in Man. Charles C. Thomas, Baltimore, 1935. 

10. Schade, H., Ober Quellungsphysiologie und Odem- 

entstehung. Ergebn. d. inn. Med. u. Kinderh., 

1927, 32. 425. 

11. Starling, E. H., On the absorption of fluid from the 

connective tissue spaces. J. Physiol, 1895-96, 19, 
312. 

12. Thompson, W. O., Thompson, P. K., and Dailey, 

M, E., The effect of posture upon the composition 
and volume of the blood in man. J. Clin. Invest, 

1928, 5, 573. 

13. Waterfield, R. L., The effect of posture on the vol- 

ume of the leg. J. Physiol, 1931, 72, 121. 

14. Youmans, J. B., Wells, H. S., Donley, D., and Miller, 

D. G., The effect of posture (standing) on the 
serum protein concentration and colloid osmotic 
pressure of blood from the foot in relation to the 
formation of edema. J. Clin. Invest, 1934, 13, 
447. 




THE COAGULATION DEFECT IN HEMOPHILIA. THE EFFECT 
IN HEMOPHILIA OF INTRAMUSCULAR ADMINISTRATION 
OF A GLOBULIN SUBSTANCE DERIVED FROM 
NORMAL HUMAN PLASMA ^ 

By FREDERICK J. POHLE and F. H. L. TAYLOR 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston) 

(Received for publication April 26, 1937) 


The recent investigations of Patek and Stet- 
son ( 1 ) ■ indicate that the defect in coagulation of 
blood in hemophilia resides in the plasma rather 
than in the platelets. Patek and Taylor (2, 3) ^ 
isolated a substance from citrated normal cellular- 
free plasma, by isoelectric precipitation, with 
which was associated the clot-promoting factor of 
normal plasma. This substance was effective, 
both in vitro and after intravenous injection, in 
reducing the coagulation time of hemophilic 
blood. By the same method, a similar substance 
in approximately the same quantity was obtained 
from citrated hemophilic plasma, but its clot- 
accelerating power on hemophilic blood was much 
less marked. In the absence of definite knowl- 
edge concerning the nature of the effective mate- 
rial it was called “ globulin substance ” which is 
the nomenclature that will be retained in this 
communication. The material was thermolabile, 
insoluble in water, partially soluble in physiologi- 
cal saline solution, and non-diffusible. It was 
precipitated in optimal amounts between pH 5.9 
and 6.4. The material passed readily through a 
Berkefeld filter without loss of potency and was 
almost completely inactivated by small excesses of 
alkali (3). Bendien and Creveld (4) have iso- 
lated a substance, by dilution and acidification, 
from normal serum which they injected intra- 
muscularly and intravenously and report favor- 
able results. 

Patek and Taylor’s (3) studies imply that in 
some respects hemophilia is a deficiency disease 
in which certain factors present in normal cel- 
lular-free plasma are either reduced or modified. 
The present communication reports a study of 
the effects of intramuscular administration of 

^The expenses of this research were defrayed in part 
by a gift to Harvard University from Smith, Kline and 
French Laboratories of Philadelphia. 

- Review of literature here. 


globulin substance on the blood coagulation time 
of hemophilic subjects, and on the content of a 
clot-promoting factor in the blood following such 
administration. 

METHODS 

Coagulation time. In general the standard procedure 
followed was the same as that used in previous studies 
(1, 3) made in this laboratory. All coagulation times 
were determined on venous blood. Hypodermic syringes 
and number 20 steel needles for venepuncture were freely 
rinsed with physiological saline solution immediately be- 
fore use. The blood was taken under stasis from arm 
veins, the tourniquet being removed after the sample was 
withdrawn. If venepuncture was not immediately suc- 
cessful, another vein was used and another syringe and 
needle employed. Two cc. of blood so drawn were trans- 
ferred, affer removal of the needle from the syringe, 
with minimum agitation, to 100 X 13 mm. test tubes 
having an inside diameter of 11.5 to 12 mm. The tubes 
were cleansed with concentrated bichromate-sulphuric 
acid solution and thoroughly rinsed free from this ma- 
terial with distilled water and finally with physiological 
saline solution. The presence of air bubbles in the blood 
sample was avoided because they tend to shorten the 
coagulation time. 

When test substances were to be assayed they were 
pipetted into the test tubes prior to the addition of the 
blood. Further mixing was not found necessary. 

Immediately after the addition of whole blood, dupli- 
cate tubes were placed in a water bath at 37.5° C. 
Agitation of the tubes was avoided. Only one of the 
duplicate tubes was read from time to time by gently 
tilting until just before the end point, when both tubes 
were read. The coagulation time was the interval elaps- 
ing from withdrawal of blood to the time when the tubes 
could be slowly inverted without loss of contents. The 
times for the two tubes usually checked very closely, and 
the average time was taken as the true coagulation time. 
When there was a considerable discrepancy, the longer 
coagulation time only was recorded. Normal controls 
by this method, independent of sex. gave values for the 
coagulation time of venous blood of from 6 to 12 
minutes. 

Control period. The investigation was carried out on 
seven hemophilic patients between the ages of 16 and 47 
years who had been under observation in this clinic for 
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isotonic saline solution. After ccntrifugiiig and 
Berkefeld filtration, 65 cc. were available tor in- 
jection. This standard test dose represented 
about one-third of the dosage previously given 
intravenously (3). 

Four hemophilic patients with coagulation times 
between 35 and 85 minutes were injected intra- 
muscularly with a single standard test tlose of 
globulin substance. Figure 1 shows the re.suits 
obtained in a case in which the coagulation time 


time in ail ca.>cs similar to that recorded in Fig- 
nre 1. Hov/over. wiuai tlic second injection 
given at :my time within a 7-hour period there 
wa.', not more tlran a slight further decrease in the 
coagulatiot\ time. typical response is shown b 
Figure 2 (I. .M.). fu one instance a second in- 
jection f.iitcd to reduce the coagulation tin:e to 
tlie [ioint attained by tlio initial injection. 

.•\ hen’.ophihc patient was injected with a stad- 
ar<t tc.-.t do.c of globulin substance by the intn- 



was followed at 4-hour intervals for a 24-hour 
period after injection. Comparable data were 
obtained on the remaining cases. There w'as a 
favorable response in all instances. There was a 
sharp fall in the coagulation times to minimum 
values in from 30 minutes to 1 hour after injec- 
tion, which were sustained for several hours 
The coagulation times returned to pre-injection 
levels in 24 hours. 

The effect of repeated parenteral injections of 
globulin substance. Two intramuscular injections 
of a standard test dose of globulin substance were 
given to five subjects. Following the initial in- 
jection there was a prompt drop in the coagulation 


venous route. The results are plotted ii> 

2 (I. V.). There was an immediate 
in the coagulation time. A slight 
followed a second intravenous , jj... 

later. It may be observed (Figure 2) 
suits obtained by the use of the 
route are entirely similar to those obtaii- 
intravenous injections. . ^^,^0 

Observations Nvere made on one 
subject to determine the effects of 
muscular injections of standard tes^ 
globulin substance over a 24 -hour peo 
tions were given at 6-hoiir p? 

the initial injection there w'as the us 
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fall in the coagulation time (Figure 3). The 
second injection reduced the coagulation time to 
the level obtained by the initial injection. How- 
ever, the third injection failed to reduce the co- 
agulation time to the point attained by either of 
the first two injections. The fourth injection did 
not effect the coagulation time which continued to 
rise to the pre-injection level. 

It is known from three sets of observations 
that if a hemophilic subject is re-injected either 
intramuscularly or intravenously with globulin 
substance 24 hours after the last injection, that 
the entire cycle of effect on his coagulation time 
repeats itself. 


by observing its effect on a second hemophili 
blood in vitro. Immediately before and 1 hot 
after each injection of the standard test dose c 
globulin substance, blood was drawn and citrate 
to a final concentration of 0.25 per cent sodiur 
citrate. In each instance 0.1 cc. of the whol 
citrated blood was mixed with 2 cc. of blood fror 
a second control hemophilic patient. This cor 
trol patient had a coagulation time of 127 minute 
which did not vary significantly during the perio 
of observation. The results are given in Figur 
4. This figure shows graphically the coagulatio: 
time of the control patient’s blood after addin: 
citrated whole blood obtained from the injecte 



Fig. 3. Effect of Multiple Intramuscular Injections of “ Globulin Substance ” on 
Coagulation Time of Hemophilic Blood 


Changes in the clot-promoting power of hemo- 
philic blood and plasma following the intramuscu- 
lar injection of globulin substance. Because of 
the evidence that frequently repeated injections of 
globulin substance had a diminishing effect in re- 
ducing the coagulation time of hemophilic blood, 
it became desirable to attempt to determine the 
amount of clot-promoting factor in the circulat- 
ing blood under these circumstances. 

An approximation of the coagulant activity of 
the whole blood in the subject receiving repeated 
intramuscular injections (Figure 3) was obtained 


patient. In other words, it may be considerec 
that the data indicate the changes in concentra- 
tion of clot-promoting factor present in the in- 
jected patient’s blood. Figure 4 shows that the 
clot-accelerating power of the blood was increased 
after injections of globulin substance. In com- 
paring Figure 3 with Figure 4 the important con- 
clusions are that the coagulation time has risen 
in spite of repeated injections, while the concen- 
tration of clot-promoting material has increased 
in the patient’s blood. 

Since relatively large amounts of blood are re- 
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quired to prepare globulin substance, the actual 
preparation of the material from the patient every 
few hours is not feasible. However, it has been 
shown by dialysis experiments that the coagulant 
activity of plasma resides in the globulin substance 


philic plasma possessed a slight clot-accelerating 
power when added to another hemophilic blood. 
However, it was not possible to demonstrate that 
the severity of the case as judged by the length 
of the coagulation time, could be correlated with 



Fig. 4. Effect of Adding Whole Blood from a Hemophilic Subject Injected with 
“Globulin Substance” at Times Indicated, on Coagulation Time of Control Hemophilic 
Blood in Vitro 


(3 ) . Hence the clot-promoting activity of plasma 
is an indirect measure of globulin substance. By 
the use of a similar technique of titration against 
a control hemophilic blood in vitro mentioned 
above, the increase in concentration of the clot- 
promoting factor was demonstrated in the cellular- 
free plasma following the intramuscular injection 
of globulin substance in three additional cases of 
hemophilia. In each instance the rise in coagula- 
tion time of the injected patient’s blood, following 
the favorable response, occurred before the con- 
centration of the coagulant factor in the plasma 
reached its maximum. 

SUMMARY AND DISCUSSION 

The quantitative nature of the action of normal 
globulin substance on hemophilic blood in vitro 
has been indicated (3) and is confirmed by the 
studies presented here. In all instances hemo- 


the degree of the clot-promoting activity of the 
plasma. 

When a suspension of globulin substance de- 
rived from 300 mgm. of dried material was in- 
jected intramuscularly in hemophilia, the response 
was a sharp drop in the coagulation time which 
was sustained at low levels for approximately 8 
hours and returned to the pre-injection level 
within 24 hours. The effectiveness of globulin 
substance is not increased by intravenous adminis- 
tration. 

The observations with repeated intramuscular 
or intravenous injections of globulin substance 
strongly indicates that there is a refractory phase 
for repeated injections. It appears that during 
such a phase, the coagulation time of the blood in 
hemophilia increases although the concentration 
of globulin substance in the circulating plasma is 
not diminished. The refractory period is not 
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longer than 24 hours since an injection at that 
time again gives the optimal effect. 

The refractory period cannot be associated with 
tissue fixation of the injected material since simi- 
lar effects are experienced when second injections 
are made intravenously. Nor is there failure of 
absorption as proven by the method described for 
measuring the concentration of clot-promoting 
factor in the blood stream. The time factor 
would indicate that the phenomenon is not one of 
an antigen-antibody reaction. The actual cause 
of the refractory period and its nature awaits 
further investigation. 

Mellanby (5) showed that the slow injection of 
small quantities of certain clot-accelerating snake 
venoms in animals produced a non-coagulable 
period. Mills (6) gave repeated small injections 
of tissue extracts to animals and observed a nega- 
tive phase. These investigators ascribed the non- 
coagulable phase to defibrination of the blood. 
Eley, Green and McKhann (7) working \vith 
placental extract report no non-coagulable period 
in animals with the dose employed although they 
quote Sakurai as having noted such a phenome- 
non. However, there is no evidence in our data 
to indicate that a non-coagulable phase follows 
the administration of globulin substance in hemo- 
philia. In no instance did the coagulation time 
of the blood rise above the initial level. 

CONCLUSIONS 

1. Globulin substance prepared from normal 
human plasma accelerates clot-formation of hemo- 
philic and normal blood in vitro in a quantitative 
manner. 

2. Globulin substance may be admim’stered in- 
tramuscularly in hemophilia with reduction of the 


coagulation time similar to that produced by its 
intravenous injection. 

3. Following the initial injection of globulin 
substance in hemophilic subjects, a refractory 
phase is established. During this period the co- 
agulation time is little affected by subsequent in- 
jections although it has been shown that the con- 
centration of the clot-accelerating material is pro- 
gressively increased in the circulating blood of the 
injected patient. Recovery from this state is 
complete in 24 hours. 

4. There is no evidence that a non-coagulable 
phase occurs following the administration of 
globulin substance. 

The authors gratefully acknowledge the assistance of 
Miss Elizabeth King and Miss Margaret Adams. 
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The mechanism of immunity in pertussis is not culating antibody. In the individual who has re- 
known. It would be easy to say, but rather difii- covered from pertussis, we know, from clinical 


cult to prove, that the immunity resides in the 
fixed tissue cells of the respiratory tract. There 
is no clinical test for immunity other than inti- 
mate exposure to the disease itself. Intimate ex- 
posure is reported to produce the disease in 70 to 
80 per cent of children with negative histories 
(1). It still remains to be proven that it is pos- 
sible to immunize actively against pertussis; the 
possibility seems likely, however, since the 
introduction of vaccines made from recently 
isolated, toxic strains having the characteristics of 
the “ Phase 1 ” strains described by Leslie and 
Gardner (2), In three field studies where such 
strains were used favorable results were reported 
(1, 3, 4). In another veiy thorough study (5) 
in which the method of preparation of vaccine 
was slightly different unequivocal evidence of im- 
munization was not obtained. It is obvious that 
a convenient clinical test of immunity would 
greatly facilitate the trial of immunizing agents. 

The complement fixation test and the agglutina- 
tion reaction are primarily of academic interest 
though in Denmark the former is employed as a 
diagnostic procedure in cases of persistent bron- 
chitis. These methods of detecting circulating 
antibody usually fail, three to five months after 
the antigenic stimulation, whether it be infection 
or vaccine. Curves of complement fixing anti- 
body titers following vaccination (6, 7, 8, 9) are 
similar to those obtained after the disease (10, 
11, 12, 13). Recently Mishulow and coworkers 
(14) have compared the curve of agglutinin titers 
after vaccination with that during and after an 
attack of the disease. Higher titers were obtained 


observation, that the failure to detect circulating 
antibody by these tests several months after re- 
covery does not mean an absence of immunity. 
Do the immune bodies actually disappear from 
the blood and localize in the tissues, or are our 
methods of detecting them in the .blood inade- 
quate.? When the complement , fixation and ag- 
glutination reactions again fail us two or three 
months after vaccination, how can we test for 
immunity? There are two lines of approach left 
open. We can assume that antibody has left the 
blood and attempt to test for it in the tissues. 
The skin, at least, is available. Skin reactions due 
to the allergy of infection have been reported and 
also skin reactions of the Schick type. 

The claims of the existence of specific skin hy- 
persensitivity during and after an attack of per- 
tussis (15 to 22) are undoubtedly plausible’ des- 
pite reports to the contrary (23, 24, 25). Specific 
allergic skin reactions occur in many bacterial in- 
fections. Because a positive allergic reaction oc- 
curs after an attack of pertussis, it is assumed to 
indicate immunity. A negative reaction is as- 
sumed to indicate susceptibility. Here one enters 
•the controversy of the relation of allergy to im- 
munity which is not well understood. 

The description by Siebler and Okrent (26) 
of a Schick type of reaction, positive before the 
disease and negative aftenvards, is difficult to 
credit. No circulating anti-endotoxin for H. per- 
tussis has been demonstrated in man. H. pertus- 
sis vaccination of animals has failed to protect 

the skm from the necrotic action of H. Pertussis 
endotoxin (27, 28). ^ 


and persisted longer after an attack. These data A satisfactory skin test for immunity may in 
are of great interest in that they prove that the the future, be developed using the allereic tv 
vaccine employed stimulates the formation of cir- of reactions mentioned above. However T 
■ worth while to follow the other lend loft 

1 Aided by a grant from the Chrisdne Breon Fund. Does the failure of detection of circulating antL 
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body by the complement fixation and agglutina- 
tion reactions a few months after recovery prove 
its absence? The recent report of Kendrick, 
Gibbs and Sprick (29) utilizing the opsono-cyto- 
phagic test indicates that such is not the case. 
This test for circulating antibody is apparently 
more delicate. Kendrick and her associates have 
applied the opsono-cytophagic test of Veitch (30) 
to the study of antibody production after H. per- 
tussis vaccination, and during attacks of pertussis. 
The technic employed was relatively simple. 
Equal parts (0.1 cc. each) of citrated blood and 
a suspension of killed H. pertussis oi'ganisms were 
incubated for 30 minutes at 37° C. Smears were 
then made, and the number of bacteria phago- 
cytized by twenty-five polymorphonuclear leuko- 
cytes observed. They expressed the amount of 
phagocytosis noted, in arbitrarily devised grades. 

In a group of 117 infants and children ranging 
in age from 8 months to five years these workers 
clearly demonsti-ated that the degree of phago- 
cytosis increased during and after H. pertussis 
vaccination. The maximum usually was reached 
two months after completion of vaccination and 
thereafter declined very gradually. A rather high 
degree of phagocytosis was still present two years 
later. 

Kendrick and her coworkers also observed a 
group of 119 individuals during or after an at- 
tack of pertussis. Some of these were adults who 
had had pertussis many years before. During the 
disease progressively increasing phagocytosis was 
usually encountered. The maximum degree oc- 
curred in general about two months after onset. 
No correlation between degree of phagocytosis and 
severity of attack was noted. “ Weak ” or “ mod- 
erate ” reactions were observed in individuals 
who had had the disease 3 to 40 years previously. 
As controls 154 non-injected individuals with 
negative histories for pertussis were studied. 
Phagocytosis was not nearly so marked though 
it tended to increase with age. The white blood 
cells of 21 newborn infants showed practically no 
phagocytic power regardless of the histories or 
opsono-cytophagic reactions of their mothers. 

Kendrick, Gibbs and Sprick (29) report uni- 
formity of results with different Phase I strains 
of H. pertussis (that is recently isolated, 

“ smooth ” strains). It was found that the pres- 


ence of a high opsono-cytophagic titer for H. per- 
tussis was not associated with high titers for nine 
other species of organisms except Br. bronchi- 
scpticus. It has long been known that this or- 
ganism is antigenically closely related to H. per- 
tussis. The report of Kendrick, Gibbs and 
Sprick, however, does not conclusively show that 
the increased phagocytosis following pertussis 
vaccination is specific. The effect of injecting 
other vaccines on the phagocytosis of H. pertussis 
was not determined. These authors conclude that 
the opsono-cytophagic reactions may “ offer prom- 
ise of help ” in the investigations of immunity in 
pertussis. They suggest that it may possibly act 
as a useful guide for immunization but “as a 
means for determining whether an individual has 
had pertussis in the past, the test is not adequate.” 

Using a similar technic Bradford (31) has ob- 
tained data confirmatory to the above. He notes 
that the heparinized blood of children with his- 
tories of pertussis is more actively phagocytic to- 
ward H. pertussis than that of children with nega- 
tive histories. 

The following studies were undertaken to see 
if we could confirm the findings of Kendrick, 
Gibbs and Sprick and to test the value of the 
opsono-cytophagic reaction as an index of im- 
munity. 

PROCEDURE 

Preparation of vaccine. A three day growth of Phase 
I (smooth) strains of H. pertussis grown on Bordet- 
Gengou media was washed once in Locke’s solution, and 
then suspended in 1 : 10,000 dilution merthiolate in Locke’s 
solution. The antigen suspension was standardized to 
contain 20 billion H. pertussis organisms per cubic centi- 
meter. This antigen was put up in 5 cc. vials and stored 
in the ice box. 

Technique of obtaining and preparing specimen. Chem- 
ically clean Kahn pipettes were used. Two hundredths 
cc. (0.02) of 5 per cent buffered sodium citrate solution - 

- The 5 per cent sodium citrate solution was buffered at 
pH 7.2 with Sorensen’s phosphates. Evans (32) has 
shown that in weakly acid solution leukocytes take up 
H-ions and become less active. The buffered citrate solu- 
tion was prepared every month and kept tightly stop- 
pered. The final concentration of sodium citrate in the 
blood was 1 per cent. 

It is known (33) that citrate decreases phagocytosis by 
binding calcium. For this reason heparin may be a bet- 
ter anticoagulant. The latter is advocated by Veazie and 
Meyer (34). Huddleson et al. (35) prefer sodium 
citrate for “ it inhibits the action of those brucella op- 
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was first drawn into the pipette and immediately fol- 
lowed by 0.08 cc. of freely flowing blood obtained by 
puncture of ear lobe or heel. The specimen of citrated 
whole blood was then blown into small agglutination 
tubes (diameter 8 mm.). Within 30 minutes to 1% hours 
after obtaining the specimen, 0.025 cc. of the standardized 
H. pertussis antigen was added. This blood cell antigen 
suspension was thoroughly mixed by very gentle rota- 
tion for one minute and then placed in the incubator at 
37 degrees for 30 minutes. Without further shaking,® 
the blood from the bottom of the tube was drawn into 
capillary pipettes. A drop of this blood was placed on 
a thoroughly clean glass slide and smeared in the usual 
manner. The smears were dried in the air quickly and 
fixed immediately with methyl alcohol. Three to four 
smears of each sample were made. 

Staining of slides. Freshly diluted Giemsa stain was 
found to be more satisfactory than Hastings stain or 
methylene blue. Giemsa stain (G. Gruber and Co.) was 
diluted one drop of stain per one cc. of distilled water 
which contained 0.001 per cent NaH.COj. The slides 
were flooded with diluted stain for 20 minutes after 
which they were washed gently with distilled water and 
dried quickly in the air. 

Microscopic examination of slides. The smears were 
examined under oil immersion. The number of or- 
ganisms or absence of organisms in each of 25 poly- 
morphonuclear neutrophiles were recorded. Rarely an 
eosinophile containing bacteria was encountered. Fre- 
quently large mononuclears engorged with bacteria were 
seen. Notation of these were made; however, only the 
number of bacteria in the polymorphonuclear neutrophiles 
were used in determining the opsono-cytophagic titer. 
Areas of the smear where clumping of either cells or 
bacteria occurred were avoided. Smears prepared in the 
manner described usually gave good preparations with an 
even distribution of white cells and bacteria. It was cus- 
tomary to examine 25 cells on each of two to three slides, 
thus obtaining a count of from 50 to 75 cells of each 
specimen of blood. 

The slides were filed for examination according to 
number rather than name of patient. Specimens were ob- 
tained from both control and test children on the same 
day. All of the microscopic examinations were made by 
one observer who did not know the history of the pa- 
tient from whom the specimens were obtained. About % 
of the specimens were examined by an additional ob- 
server and the independent results compared. 

Clinical tests. The technique described was used to 
test 150 children who were divided into the following 
groups. 


sonins which are present in the serum of normal indi- 
viduals.” 

® Shaking the specimen after incubation tended to in- 
crease phagocytosis, and clumping of bacteria and cells 
occurred frequently. Smears were more easily read if 
the mixture was not agitated after incubation. 


Group I. Forty children were tested before and after 
injection of Phase I M. pertussis vaccine.* 

Group II. Twenty-four children were tested at vary- 
ing intervals after injection of Phase I H. pertussis vac- 
cine. Initial or control counts were not obtained on these 
children. 

Group III. Twenty-seven children injected with 10 cc. 
of H. pertussis “ Undenatured Bacterial Antigen ” s were 
subjected to these tests. 

Group IV. Thirty-two control children were tested. 
Fifteen of these received three injections of 1 cc. normal 
saline and seventeen received no injections. Many of 
these children had more than one test after intervals of 
one to four months. 

Group V. Twenty-eight children were tested during 
the course of pertussis. 

RESULTS 

Group I 

The forty children tested before and after in- 
jection of Phase I vaccine fell into the following 
age groups : 


4 months to 6 months 4 children 

6 months to 12 months 14 children 

12 months to 18 months 10 children 

18 months to 24 months 2 children 

2 years to 5 years 7 children 

5 years and over 3 children 


The initial test was done on the day of the first 
injection of vaccine. This total count per 25 
cells ranged between 16 to 440 bacteria with a 
mean of 114. The per cent of cells participat- 
ing in phagocytosis was between 30 and 100 per 
cent with a mean of 60 per cent. In all instances 
in which the initial total count per 25 cells was 
over 200, it was noted that the children fell into 
groups over 18 months of age. It should not be 
inferred from that that all older children give 
high titers since very low titers were not infre- 
quently observed in older children. 

The second test was done on the day of the 
third injection of vaccine (two weeks after the 
first injection). Thirty-nine of the 40 children 
were tested. The total counts of bacteria ranged 
between 172 to 1385 organisms per 25 cells with 
a mean of 637 . Following injection of vaccine, 
successive tests showed practically 100 per cent of 
the cells participated in phagocytosis in all cases. 

Twenty-two of the children were given a third 

_ * Kindly supplied by Cutter Laboratories from strains 
isolated by the authors. 

® Kindly supplied by Eli Lilly Co. 
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test about two mouths after their last dose of vac- 
cine. The total counts of this test ranged be- 
tween 116 and 1830 bacteria per 25 cells with a 
mean of 916 bacteria. 

The fourth and last test was taken on fourteen 
of the children at intervals varying from three to 
six months after their last dose of vaccine. The 
total counts of this test ranged between 758 and 
2985 organisms per 25 cells with a mean of 
1608 organisms. 

These studies were continued over a six month 
period using the same lot of H. pertussis bacterial 
suspension. During the last two months of the 
study a higher initial or control count was ob- 
served frequently. It was thought that ageing 
may have been a factor altering the antigen sus- 
pension and producing this effect. Three new 
lots of antigen were prepared simultaneously 
using three different strains of freshly isolated 
Phase I H, pertussis. These were checked with 
the first antigen used throughout the six month 
period. It was found that the new lots of anti- 
gen varied considerably with each other as well 
as with the original old antigen when tested on 
the same individual’s blood. Obviously, subse- 
quent tests on any of the forty children of this 
group using the new antigen would not be com- 
parable. These blood studies were discontinued 
and the data on hand obtained from the one lot 
of antigen were subjected to the following sta- 
tistical analysis. 

To determine whether an alteration of the anti- 
gen suspension occurred with ageing, the data ob- 
tained on the 1st, 2d, 3d, and 4th test were di- 
vided into the tests done during the first four 
months and the tests done during the last two 
months. The mean, standard deviation, stand- 
ard error of the means, standard error of the 
standard deviation and standard error of the dif- 
ference of the means of the total counts of or- 
ganisms per 25 cells were calculated for each of 
these two periods. 

The difference of the means and standard error 
of the difference of the means between the results 
obtained during the first four months and those 
obtained during the last two months for the 1st, 
2d, 3d, and 4th test show that while apparently 
some alteration of the antigen had occurred with 
age (indicated by the increase in the means of the 


T.\BI.E I 

Comparison of counts of the number of bacteria ingested by 
O cells in successive tests during the first 4 months and 
last 2 months' periods 



First 4 

months of use 
of antigen. 
Mean counts 
with standard 
errors 

Last 2 

months of use 
of antigen. 
Mean counts 
with standard 
errors 

Difference 
between 
means with 
standard 
error of 
differences 

Initial or control test 
(1st test) 

iV*=29 

83dblS 

isr=ii 

189±52 

106±70 

14 clays after first in- 
jection (2cl test) 

iV=23 j 
514±43 

iV= 16 
' 813±77 

298±77 

2 months after last in- 
jection (3d test) 

iV=14 

703 ±53 

iV=8 

1289±212 

S87±219 

3 to 6 months after 
last injection (4th 
test) 

JV=3 

1172±139 

2Y=11 

1727±211 

655 ±253 


* iV= Number of cases upon which the mean is based. 


second series over the first) (Table I), these dif- 
ferences were not statistically significant, a fact 
probably dependent on the smallness of the 
samples. 

Calculations are shown in Table 1. 

Therefore, because no significance could be at- 
tached to the differences in means, although con- 
sistently in favor of the older antigen, it was de- 
cided to determine the means and standard devia- 
tions of the total series for each successive test- 
ing by counts. Summary of results of these cal- 
culations is shown in Table II. The difference 
of means, between the first and second, second 
and third, and third and fourth determinations 
(indicated by figures in italics in Table II), are 

TABLE II 


Differences in titers on successive tests of all cases during a 
six month period of study 



Num- 
ber of 
cases 

Means (Jlf) of 
total number 
of bacteria per 
25 ceils with 
standard errors 

Standard 
deviation 
of total 
count per 
25 cells 
with stand- 
ard errors 

Differences of means 
— with standard er- 
rors of differences 

Initial or control 
(Ist test) j 

40 

Jlfi=U4±19 

1I8±I3 

Ms-Jfr SSS±U 

14 days after 1st j 
Injection of vac- 
cine (2d test) 

39 

ilf2=637±40 I 

1 250±28 1 

ATj-Mj 

2 months after last 
injectionnfvae- 
cine (3d test) 

22 

ilfs=916±83 

390±59 

Mk-U, e92±tss 

3 to 6 months af- 
ter last injec- 
tion of vaccine 
(4th tost) 

14 

Mi==\m±.m 

612±U6 




OPSONO-CYTOPHAGIC TEST IN PERTUSSIS 


753 


found to be statistically significant. Each differ- 
ence is greater than three times its standard error. 

Correlations between the first and second, 
second and third, first and third, and first and 
fourth tests were calculated using the Pearson co- 
S-i'y 

efficient rxy = . Since all of the coeffi- 

nuxtry 

cients were low and not statistically significant, 
the calculations show that a child with an initial 
high titer will not necessarily give a proportional 
higher titer on successive tests following injec- 
tion of Phase I H. pertussis vaccine. 

Group II 

Twenty-four children who had received injec- 
tions of H. pertussis vaccine before this study 
was undertaken were brought into the clinic for 
testing. Fifteen of the twenty-four children 
were under 18 months of age. Tests were re- 
peated at intervals of several months on most of 
the children. While results of tests on children 
without initial or control counts would not be of 
significance by themselves, it was felt that they 
might prove to be of value when compared with 
the tests of control children in a similar age 
group. The results are summarized in Table III. 

TABLE III 

Tiler of childre7i in Group II 


Interval between injection 
of vaccine and tests 


\ 

0 to 2 
months 

3 to 6 
months 

6 to 9 
months 

Total 

1 

Number of children tested ... 

15 

19 

8 

42 

Average total number of bac- j 
teria per 25 cells I 

617 

1 

714 

942 

760 


There were several children in Groups I and 
II who persisted in showing low total counts on 
successive tests following vaccine injection. The 
significance of this is not known. These children 
will be followed closely in the future to deter- 
mine whether there is any correlation between 
opsono-cytophagic titer and susceptibility to 
pertussis. 

Group III. Undenatured bacterial antigen 

Twenty-eight children who received a total of 
10 cc. of H. pertussis undenatured bacterial anti- 


gen (Krueger) were tested. Fifteen of the 
twenty-eight children were under 18 months of 
age. Seven of these children had initial or con- 
trol counts. The rest of the children had one or 
more tests at varying intervals. The resulting 
total counts of these children did not vary per- 
ceptibly with the time lapsing between the injec- 
tions of undenatured bacterial antigen and the 
test. The results are summarized by age group- 
ings in Table IV. The variation of total count 
following injection of undenatured bacterial anti- 
gen in relation to time interval after injection is 
shown in Figure 2 (composite scatter diagram of 
all groups). 


TABLE IV 

Titers of children in Group III 


1 

Under | 
6 ' 
months | 
of age 

Between 
6 and i 
12 

months ' 
of age 

Between 
12 and i 
IS 

months i 
of age 

1 

Between 
18 and 
24 

months 
of age 

1 

Over 

2 

years 
of age 

Total 

Number of 
children 

3 

10 

5 

2 

8 

28 

Number of 
tests done.. . 

! 

26 

11 

2 

14 

64 

Average total 
number of 
bacteria per 
25 cells 

1 

1 58 

53 

141 

92 

148 

93 


Control Group IV 

Thirty-two children were used as controls. 
Seventeen of these had no injections and 15 of 
these received three injections of 1 cc. each of 
normal saline. Nineteen of these children were 
under 18 months of age. Tests were repeated at 
varying intervals. Results are summarized ac- 
cording to the age of the child in Table V. 


TABLE V 

Tiler of cMIdr€7i hi Group IV 


1 


Age of child tested 



1 

Under 

6 , 
months 
of age 

Between 
6 and 
12 

months 
of age 

Between 
12 and 
18 

months 
of age 

Between 
IS and 
24 

months 
of age 

Over 

2 

years 
of age 

Total 

Number of 
children 
tested 

13 

2 

4 

3 

10 

32 

Number of 
tests done.. . 

26 

3 

5 

9 

12 

55 

Average total 
number of 
bacteria per 
25 cells 

44 

195 

87 

121 

152 

91 
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In Groups II, III, and IV, the number of chil- 
dren tested and the number of children in each 
group under eighteen months of age is very simi- 
lar. Comparison of the total results of each 
group (II — average 760 bacteria per 25 cells; III 
— average 93 bacteria per 25 cells; IV — average 
91 bacteria per 25 cells), clearly shows that the 
opsono-cytophagic titer for H. pertussis is in- 
creased following injection of vaccine. Krueger’s 
undenatured bacterial antigen does not produce 
an increase in titer. Titers of children injected 
with the undenatured bacterial antigen are almost 
identical to titers of the control children. 

Group V, Test for specificity 

We wished to determine whether H. pertussis 
Phase I vaccine was the only agent which would 
increase the opsono-cytophagic titer for H. per- 
tussis. In order to do this seven children were 
injected with a mixed respiratory vaccine contain- 
ing Staphylococcus aureus and albus, streptococ- 
cus, H. influenza, M. catarrhalis, pneumococcus 
and Friedlander bacillus in a total count of one 
billion per cc. 

Because of the tendency to produce local reac- 
tions, amounts of 0.1 to 0.3 cc. of the respiratory 
vaccine were injected. The ages of these chil- 
dren ranged between 6 months and 6 years. Re- 
sults of the tests before and after injection are 
summarized in Table VI. 

It will be noted that in five children a definite 
increase in titer occurred soon after injection of 
mixed respiratory vaccine. This will be discussed 
later. 


TABLE VI 

Titers of children in Group V 


1 

! 

i 

Number of B. perUtssis 
bacteria per 25 cells 

Case 

Age of child 

Control 

test 

before ' 
injection 

2d test 2 
weeks 
after 1st 
dose 
vaccine 

3d test 2 to 5 
months after 
injection of 
vaccine 

(1) R. D 

2 years 

17 months 

88 

382 

200 

(2) S. P 

15 

8 


(3) S. F 

4 years 

8 months 

25 

123 

484 

(4) E. H 

1 46 

1231 

422 

(5) R. U 

6 years 

6 months 


422 

484 

(6) S. T 

86 

871 


(7) I. M 

6 years 

119 

814 



i 




Group VI. Studies during the course of pertussis 

Twenty-eight children and one adult were 
tested during their course of pertussis. One to 
seven tests were done on each individual. Two 
children of this group had tests 3 months prior to 
the onset of pertussis. One of these was in- 
jected with 10 cc. undenatured bacterial antigen 
eight months before the onset of pertussis. The 
other child received injections of saline and served 
as a control for the undenatured bacterial antigen. 
One adult, mother of children with pertussis, was 
tested 7 days before she developed the disease. 
It would have been desirable to have tested all of 
these twenty-eight children before the onset of 
pertussis as well as during the course of the dis- 
ease. Unfortunately, we were not able to pre- 
dict the onset of pertussis in advance. 

Results of the three patients mentioned are 
shown in Table VII. 


TABLE VII 

Titers of three patients with pertussis 


Patient 

Age 

Total bacterial count per 25 cells 

V. K. 

Received 10 cc. 
of undenatured 
bacterial antigen 
8 months prior 
to onset 

years 

1 

1 4/12 
1 5/12 

40 — 3 months before onset of pertus-ris 

327 — 7 days after onset of pertussis 

578 — 35 days after onset of pertussis (S days 
after cessation of cough) 

M. L. K. 

Saline 

Control 

2 

2 4/12 
2 5/12 

109 — 3 months before onset of pertussis 

203 — 7 days after onset of pertussis 

520 — 35 days after onset of pertussis {7 days 
after cessation of cough) 

Me. C. B. 

45 

223 — 7 days before onset of pertussis 

301 — 12 days after onset of pertussis 

600 — 27 days after cessation of cough 


These three patients had mild cases of pertus- 
sis. The results in Table VII are probably a 
fair sample of the change in titer during the 
course of the disease. The results of all of the 
tests done on the children during the course of 
pertussis are shown in Figure 1, a scatter dia- 
gram in which the opsono-cytophagic titer is 
plotted against days from onset and days after 
cessation of cough. The marked increase dur- 
ing the course of the disease and persisting for 
six weeks after cessation of cough is clearly 
shown in this scatter diagram. For comparison, 
the average of all titers obtained from children 
before treatment with pertussis antigen are shown 
in space at the left. 

In order to compare more easily the titers re- 
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suiting from tests on children in Groups I, II, 
III, IV, and V, a composite of the results is 
shown in a scatter diagram (Figure 2). On this 
figure the titers are plotted according to interval 
lapsing between treatment and test. 

Observing the total of 94 control tests (which 
includes initial or control titer of Groups I, II, 
III, and V as well as all the titers of control 
Group IV) the wide individual variation of titer 
is brought out. Eighty-seven per cent of these 
fall below 200 organisms per 25 cells. The 12.8 
per cent of control titers above 200 bacteria per 25 
cells were obtained from children over 18 months 


of age. Likewise, it will be noted that 41 of the 
46 tests (89 per cent) made on children injected 
with undenatured bacterial antigen (indicated by 
a bar) also fall below a titer of 200, regardless of 
the interval lapsing between treatment and test. 
H. pertussis undenatured bacterial antigen ap- 
parently does not increase the opsono-cytophagic 
titer for H. pertussis. Titers of this group are 
very similar to the controls. The high range of 
titer indicated by the dots, circles and “ R " con- 
necting lines clearly demonstrates the marked 
rise of titer following injection of Phase I H. 
pertussis vaccine and mixed respiratoiy vaccine. 
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DISCUSSION ® 

The variables in this test may be listed and dis- 
cussed as follows ; 

A. Immunological variables 

1. Specific opsonin. The immune body for 
which we are testing sensitizes H. pertussis ren- 
dering the latter more susceptible to phagocyto- 
sis, not only by circulating polymorphonuclear 
leukocytes but by sessile phagocytes. If specific 
opsonin was the only variable involved the 
opsono-cytophagic test would be a direct meas- 
ure of circulating immune body, which manifests 
itself more readily by sensitizing the bacterium 
for phagocytosis, than by agglutinating the bac- 
terium, or fixing complement in the bacterium’s 
presence. 

2. Normal opsonin. Wells (38) noted a rapid 
decrease in normal opsonin in the sera of infants 
during the first four weeks of life, Tunnidiff 
(39) confirmed this observation and found that 
not until the end of the second year does the titer 
regain the average level of that for adult serum. 
It is obvious that this knowledge of the varia- 
tion of normal opsonin with age should be con- 
sidered in discussing our findings. Kendrick, 

«A review of the following definitions may be of in- 
terest. 

1. The phagocytic index (36) — the average number of 
bacteria phagocyted per leukocyte (SO or 100 leukocytes 
are usually counted). 

2. The opsonic index (36) 

Phagocytic index of leukocytes in the test serum 

Phagocytic index of same leukocytes 

in a “ normal ” serum 

It is a test for antibody. 

3. The cytophagic index (37) 

Phagocytic index of leukocytes 

to be tested in a given serum 

Phagocytic index of control leukocytes 

in the same serum 

It is a test for the inherent phagocytosing power of 
leukocytes. 

4. The opsono-cytophagic index (37) 

Phagocytic index of leukocytes to be 

tested in serum to be tested 

Phagocytic inde.x of control leukocytes 

in control serum 

Leukocytes and sera need not be added separately. 
Whole blood may be used. It is a test for antibody plus 
phagocytosing power. 


Gibbs and Sprick (29) noted increased phago- 
cytosis of H. pertussis as age advanced, and our 
findings are confirmatory. Furthermore, our ob- 
servations of increased phagocytosis of H. per- 
tussis after injections of mixed respiratory vac- 
cine can be interpreted only on the basis of an 
increase in normal opsonin. The question then 
arises, is the increased phagocytosis of H. pertus- 
sis after H. pertussis vaccination due to an in- 
crease in normal opsonin with probably little real 
increase in resistance, or, is the observed increased 
phagocytosis due to formation of specific opsonin 
which is an indicator of immunity? This ques- 
tion might be answered by making determinations 
of the opsonizing power of inactivated serum on 
the washed leukocytes of infants. The use of 
whole citrated blood in the opsono-cytophagic 
test leaves the question unanswered. 

3. Variations in the inherent phagocytic ac- 
tivity of leukocytes. Glynn and Cox (37) 
showed that the phagocytic power of leukocytes 
is subject to variations in the same individual. 
There was no evidence that the variations were 
specific in the uninfected. Tunnidiff (39) 
found that “leukocytes at birth are a little less 
active than those of adults. Their activity di- 
minishes considerably during the first months of 
life and does not regain that of leukocytes of 
adults until about the third year.” Here again, 
as with normal opsonins, one must consider a 
gradually rising base line under the age of three 
years when one measures degrees of phagocytosis. 
However, the increase in phagocytosis of H. per- 
tussis which we observed after vaccination and 
during the disease is far too great to be attributed 
to an increasing inherent activity of leukocytes. 
Our control data indicate this. 

Since the test as here described involves these 
three variables, the degree of phagocytosis in 
each test is the product of the variables. At the 
same time it seems more rational to test for the 
product of these three factors than for any one 
of them individually. This product is what Tun- 
nicliff (39) has termed “ the anti-infectious power 
of the blood.” 

B. Technical variables 

The test is not rendered any simpler by the 
following technical variables and difficulties. 
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1. Variations in the number of leukocytes avail- 
able in the blood antigen mixture. AbnonTiai or 
even wide variations in the totav white blood 
counts of the patients tested will influence the de- 
gree of phagocytosis observed. Fleming (40) 
has pointed out that the fewer the available 
leukocytes in the blood sample, the greater will 
be the number of bacteria ingested by an arbitrary 
number of leukocytes. 

2. Interference by agglutination. With the 
present technique of the test, allowing incubation 
of the blood and bacterial suspension for 30 min- 
utes, agglutination of the organisms is sometimes 
observed. Clumps of agglutinated bacterial cells 
are not seen within the leukocytes, though they 
are noted sticking to the outer surface of the 
leukocytes. If agglutination is marked, the num- 
ber of bacteria observed within 25 leukocytes will 
be low. Conceivably, if a longer incubation 
period were used, time for phagocytosis of these 
clumps might be available. (It seems probable 
that in vivo the macrophages are concerned with 
the phagocytosis of agglutinated organisms.) 
This interference of phagocytosis by agglutina- 
tion is an important drawback to the test. In the 
above experiments it certainly accounts for some 
of the wide individual variations. 

3. Kendrick et al. (29) state that all Phase I 
H. pertussis strains used in their tests gave con- 
sistent comparable results. In our experience, 
however, different smooth H. pertussis strains 
gave considerable variation in titer when used to 
test the same individual’s blood. This factor is 
a distinct handicap in continuing these studies 
over long periods of time. 

4. The age of the bacterial suspension used. 
As is mentioned above, we found that as the sus- 
pension aged the bacterial cells were more readily 
phagocytized. Kendrick, Gibbs and Sprick did 
not have this difficulty. It may be explained by 
denaturation of the bacterial protein. 

5. Variations in the time interval between 
drawing the blood and adding the bacterial sus- 
pension apparently were not important factors in 
our experience. When the antigen was added 
one hour after blood was obtained, the degree of 
phagocytosis noted was similar to that when the 
antigen was added immediately. Veitch (30), 
however, rightly insists on a standard time in- 
terval. 


After considering these inherent and technical 
variables it is obvious that the experimental error 
is great. Because of this the writers feel that lit- 
tle significance can be attached to a single deter- 
mination. It does not seem wise to grade results 
as Kendrick, Gibbs and Sprick (29) did into 
negative, weak, moderate and strong reactions on 
the basis of enumeration of bacteria ingested, ex- 
cept in relation to a change in degree. The actual 
amount of phagocytosis observed is far less im- 
portant than the increase observed with a given 
technique. 

It should be mentioned that the opsono-cyto- 
phagic test has proved to be of value in the diag- 
nosis of brucellosis. Huddleson et al. (35) have 
reported a high specific opsono-cytophagic index 
occurring in convalescents and also in individuals 
in contact with infected cattle and infected meat 
(dairy and slaughter house workers). Meyer et 
al. (41) found high indexes in 21 of 22 active 
cases. 

Recently Ward and Lyons (42, 43) have em- 
phasized the importance of phagocytosis in re- 
sistance to streptococcal infections. They make 
the statement that the leukocyte in the presence of 
the type specific opsonin is the basis of strepto- 
coccic antibacterial immunity. Lyons (44) has 
utilized the opsono-cytophagic test as a means of 
determining the presence of specific opsonin in 
the sera of donors to be used for transfusion. 
Donors are then selected for the treatment of sep- 
tic streptococcic infections on the basis of the 
opsonin content of their sera. 

Our determinations on the opsono-cytophagic 
power of the blood after II. pertussis vaccination 
and after an attack of pertussis confirm the work 
of Kendrick, Gibbs and Sprick (29). We agree 
that the opsono-cytophagic test may be of value 
in estimating the potency of immunizing agents. 
We also agree that it seems inadequate as a test 
of immunity. To their report, however, we would 
append the following remarks : 

1. Different strains of H. pertussis seem to 
vary in the ease with which they are sensitized and 
phagocytized by a given blood. 

2. We have obtained evidence suggesting that 
the increased phagocytosis of suspensions of U. 
pertussis observed during H. pertussis vaccination 
may not be entirely due to the formation of spe- 
cific opsonin. The observation that injections of 
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a mixed respiratory vaccine increased the phago- 
cytosis of H. pertussis indicates that this orga- 
nism is readily sensitized by nonspecific antibody 
(normal opsonin). This detail suggests that im- 
munity to pertussis is not entirely specific. At 
the same time this detail may not be a theoretical 
disadvantage to the test. 

The value of the opsono-cytophagic test de- 
pends entirely on the correlation between a 
marked degree of phagocytosis and immunity to 
adequate exposure. This can only be determined 
by future observations on a large number of chil- 
dren. On this point, the test in its present state 
seems inadequate, since an isolated determination 
on a blood sample means little. The technique 
must be further improved so that with different 
strains similar results are obtained on a single 
blood specimen. The use of a standard strain 
dried at low temperature in vacuo (as by the 
lyophile process) might facilitate standardization. 

The test, on the other hand, appears ‘definitely 
more delicate than the agglutination or comple- 
ment fixation reactions for determining the pres- 
ence of circulating antibody. It certainly shows 
that antibody capable of sensitizing H. pertussis 
remains in the blood stream longer after vaccina- 
tion and longer after the disease than was for- 
merly supposed. The question of whether immu- 
nity is dependent on the presence of circulating 
antibody is left unanswered. 

SUMMARY 

The recent adaptation of the opsono-cytophagic 
test to the study of pertussis has been scrutinized, 
and the following findings of Kendrick, Gibbs and 
Sprick (29) have been in general confirmed. 

1. After injection of infants and children with 
a vaccine of H. pertussis in Phase I there was a 
definite increased phagocytosis of H. pertussis in 
vitro. This high opsono-cytophagic titer was 
maintained for at least six to nine months. 

2. During and after an attack of pertussis there 
was a similar rise in the phagocytic activity of the 
blood. 

3. A low degree of phagocytosis of H. per- 
tussis was found in the blood of infants under 18 
months of age if they had had neither the vaccine 


nor the disease. In children over 18 months of 
age more phagocytosis was occasionally observed 
even though the history was negative. It was, 
however, rarely as marked as after vaccination or 
disease. 

It was also noted that : 

4. After injection of H. pertussis undenatured 
bacterial antigen, no increased phagocytosis of H. 
pertussis occurred. Titers similar to those in the 
non-injected control children of the same age 
range were obtained. 

5. After injection of a mixed respiratory vac- 
cine increased phagoc 3 hosis of H. pertussis oc- 
curred. This stimulation of nonspecific opsonins 
indicates that the test is not specific for H. per- 
tussis opsonins. This finding, however, does not 
necessarily invalidate the test, since an increase of 
non-specific opsonin may be commonly associated 
with an increase in resistance. 

6. Variability of ease of sensitization and 
phagocytosis by the same blood was noted with 
different Phase I strains and with the same sus- 
pension of one strain as it aged. This together 
with other technical variables constitute draw- 
backs to the opsono-cytophagic test in its present 
form. 

Our conclusions agree with those of Kendrick 
and coworkers that the test may be of value in 
estimating the potency oi H. pertussis antigens 
when two or more determinations are made and 
the presence or absence of increasing phagocyto- 
sis is noted. The test at present is inadequate as 
a test of immunity, since immunological and tech- 
nical variables obscure the value of a single deter- 
mination or of multiple determinations with the 
same degree of phagocytosis. The ultimate value 
of the opsono-cytophagic test will depend on tech- 
nical improvements and careful correlation with 
clinical immunity. 
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Various authors during the past 25 years have 
attributed to hypercholesterolemia a role in initiat- 
ing the arterial lesions of essential hypertension. 
The basis of this theory has been disproved by 
several recent papers (1, 2, 3), which have shown 
that plasma cholesterol, both free and esterified, is 
entirely normal in essential hypertension. 

However, Alvarez and Neuschlosz (4) have 
presented a series of experiments which indicated 
that the serum of patients with arterial hyperten- 
sion may be supersaturated with cholesterol, even 


though the concentration does not exceed normal 
limits. Medvei (5) was unable to confirm 
Alvarez and Neuschlosz, and the disagreement in 
experimental results has remained unsettled. We 
have accordingly performed a series of saturation 
experiments on plasma from subjects with and 
without hypertension. 

EXPERIMENTAL 

Plasma was used in preference to serum be- 
cause it approximates closer to the true circulat- 


TABLE I 


Plasma cholesterol values before and after saturation with free cholesterol 
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Various authors during the past 25 years have 
attributed to hypercholesterolemia a role in initiat- 
ing the arterial lesions of essential hypertension. 
The basis of this theory has been disproved by 
several recent papers (1, 2, 3), which have shown 
that plasma cholesterol, both free and esterified, is 
entirely normal in essential hypertension. 

However, Alvarez and Neuschlosz (4) have 
presented a series of experiments which indicated 
that the serum of patients with arterial hyperten- 
sion may be supersaturated with cholesterol, even 
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though the concentration does not exceed normal 
limits. Medvei (5) was unable to confirm 
Alvarez and Neuschlosz, and the disagreement in 
experimental results has remained unsettled. We 
have accordingly performed a series of saturation 
experiments on plasma from subjects with and 
without hypertension. 

EXPERIMENTAL 

Plasma was used in preference to serum be- 
cause it approximates closer to the true circulat- 
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Plasma cholesterol values before and after saturation with free cholesterol 


Plasma cholesterol 

Free 

Total 

Ee/ore 

satu- 

ration 

Alter 

satu- 

ration 

Be/bre 

satu- 

ration 

A/ter 

satu- 

ration 


Patient 


Hospi- 

tal 

num« 

ber 


Age 


Diagnosis 


Blood 

pressure 


Total 

Upid 

carbon 


Free 

cholesterol 


Degree of 
saturation 


CONTROL GROUP 






mm, Sg 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 




years 



per cent 

per cent 

per cent 

per cent 

Per cent 

per eetil 

R. H 


25 

Healthy 

122/82 

49 

53 

208 

202 



B. M 


31 

Healthy 


62 

66 


233 


94 

G.Z. 

9696 

49 

Pneumonia — convalescent 

118/88 

56 

57 

176 

173 


98 

H. Y 

9693 

40 

Pneumonia — convalescent 

118/80 

59 

59 

194 

196 


100 

M. S 

9723 

48 

Pneumonia — convalescent 

110/70 

SO 


196 

203 


100 


HYPERTENSIVE GROUP 


L. S 


53 

- 

Benign hypertension 

184/112 

45 

41 

158 

162 


W. A 


35 

Benign hypertension 

117/112 



269 

266 


R. J 

9452 

26 

Malignant hypertension 

174/118 

79 

80 

251 

259 


A. R 


46 

Malignant hypertension 

260/160 

56 

54 

175 

169 


T. G 


37 

Malignant hypertension 

210/122 

60 

64 

200 

209 


P. M 


24 

Malignant hypertension 

174/108 

48 

45 

153 

149 


J. c 

9839 

40 

Malignant hypertension 

269fli6 


90 

289 

291 

742 


NEPHRITIC CROUP 


L. C 

9465 

24 

Chronic hemorrhagic Bright's disease 

118/86 

58 

S3 

186 

186 


10O 

F. B 

9525 

30 


186/108 

110 

111 

264 

270 


99 

, ^ ( 



134 

132 

306 

mam 


ini 

A. C 

8658 

22 

Chronic hemorrhagic Bright^s disease 

240/116 

42 

42 

133 




G. P 


22 


164/100 

101 

100 

355 

3'?4 

7^5 

ini 

A. C 

9266 

HI 

Chronic hemorrhagic Bright s disease 

124/74 

152 

154 

432 

433 

1110 

99 


763 





































764 


KAYMOND 1*. HOLDEN, JR. 


ing fluid. Heparin was chosen as anticoagulant 
in order to minimize changes in cell-plasma equi- 
libria which might conceivably aflect the state of 
plasma cholesterol; also to avoid the saponifica- 
tion of cholesterol esters by oxalate or citrate, 
pointed out by Shope (6). The experiments 
were carried out at 37° C. in a further effort to 
approximate in vivo conditions. 

To obtain plasma for each saturation experi- 
ment, 20 cc. of blood obtained by venipuncture 
were run into a 50 cc. pyrex flask containing 
about 10 mgm. of heparin. The blood was 
whirled in the flask to assure complete mixing of 
the heparin, poured into a heavy centrifuge tube, 
and centrifuged at 2500 r.p.m. for 45 minutes. 
After pipetting off the supernatant plasma, it was 
divided into two equal portions of about 5 cc. 
each in 30 cc. pyrex flasks. About 50 mgm. of 
cholesterol were added to the contents of one flask 
and thoroughly suspended by gentle shaking. 
Both flasks were then closed with rubber stoppers 
and placed in an incubator at 37° C. for 6 hours.^ 
At the end of this period, the sample of plasma 
without added cholesterol was filtered with gentle 
suction through a 4 cm. Buchner funnel fitted 
with a close-fibered filter paper. The sample with 
added cholesterol was then filtered through the 
same paper, with care to discard the first 1 to 2 cc. 
of filtrate. Both filtrations were carried out in 
the wann room at 37° C. Free and total cho- 
lesterol determinations were made in duplicate on 
each sample by the method of Kirk, Page, and 
Van Slyke (7), with minor modifications. In a 
few cases, total lipid carbon was determined by 
the method of the same authors. The results are 
shown in Table I, 

DISCUSSION 

It is apparent from Table I that no pronounced 
changes in cholesterol content of the plasma sam- 
ples studied were brought about by saturation 
with added cholesterol. Both free and total cho- 
lesterol remained essentially the same. Such 
variations as did occur are not consistent in di- 

1 Incubation for longer periods has no effect on the re- 
sults obtained andj unless sterile precautions are taken 
throughout, is certain to result in contamination by bac- 
terial growth. Mechanical agitation during the satura- 
tion period had no effect on the cholesterol content of 
plasma samples. 


rection and therefore are probably without real 
significance. 

SUMMARY 

No evidence of a relationship between blood 
pressure and plasma cholesterol saturation was 
found in a series of cases which included indi- 
viduals with malignant hypertension, benign hy- 
pertension, and chronic hemorrhagic nephritis. 
The plasma was approximately saturated with re- 
gard to free cholesterol in all cases. 



Fig. 1. Method for Sintering Glass Filters. 

NOTE ON PREPARATION OF SINTERED GLASS FILTERS 
FOR MICRO-FILTRATION OF CHOLESTEROL 
DIGITONIDE 

Kirk, Page and Van Slyke (7) used filter sticks with 
detachable tips for filtration and washing of the cho- 
lesterol digitonide precipitate. The filtering disk was of 
porous alundum. As the original supply of alundum in 
the laboratory was exhausted, it proved difficult to obtain 
more which would resist the chromic acid combustion 
fluid for many analyses. We have accordingly changed 
the porous disk from alundum to sintered pyrex glass. 
The filter sticks can be prepared with the sintered glass 
disks as follows. 

Bits of broken pyrex laboratory ware are ground to a 
powder in a large mortar. This powder is shaken on a 
100-mesh screen and the screenings reserved, while the 
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tailings are reground and rescreened until a sufficient 
stock of material is obtained. The screened powder is 
agitated with distilled water in a small beaker and the 
supernatant water carrying the finest particles is decanted 
after a 10-second period, the process being repeated three 
or four times. The residual powder is then washed on 
to a filter paper and washed once with a saturated solu- 
tion of sodium borate (borax). The paper and its con- 
tents are then dried over a steam bath. After breaking 
up the resultant cake into a powder again, it is ready for 
use. 

The detachable lower end of a Kirk-Page-Van Slyke 
filter stick of pyrex glass is placed upright on a short 
iron or m'ckel rod as shown in Figure I. Tubing of 
about 6 mm. internal diameter and 2 mm. wall thickness 
in lengths of about 8 cm. is used. The end of the metal 
rod is beveled at an angle of 45°. The bevel results in 
the formation of a shoulder on the finished disk, a fea- 
ture of some importance. 

An amount of the powdered pyrex glass prepared as 
above is run into the upper end of the tube, so that the 
upper level is somewhat above that indicated in the dia- 
gram. The matrix is then packed and smoothed by 
gentle tamping with a blunt glass rod. After tamping 
the matrix, it should have a thickness of at least 3 mm. 

An air-gas blast is adjusted to deliver maximum heat 
intensity and brought to bear on the lower end of the 
tube and upper end of the metal rod, while slowly rotat- 
ing about them. The upper end of the rod should reach 
a white heat, to insure a uniform face on the filter. The 
matrix will sinter at a bright red heat. The exact con- 
ditions of heating can be determined with a few trials. 


If the matrix is insufficiently heated the particles in the 
center will not adhere to each other, while excessive 
heating will fuse the matrix into a solid mass. With a 
little practice, both of these exigencies may be avoided. 
The method is rapid, as the three operations of sintering 
a filter disk, fusing it into tubing and fire-polishing the 
end of the tubing are performed at one time. It is not 
adaptable for making filters larger than 1 cm. in diam- 
eter. 
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In the chronic active stage of hemorrhagic 
Bright’s disease there are often comparatively 
long intervals when the amount of functioning 
kidney tissue decreases very slowly and when 
there is no marked variation in glomerular perme- 
ability. With the patient on a standard regime 
the urea clearance remains constant, proteinuria 
fairly so, and blood samples taken under basal 
conditions with precautions against stasis and ef- 
fects of posture contain nearly constant percent- 
ages of plasma proteins (18). Under such cir- 
cumstances, some of the factors governing pro- 
teinuria may be studied. 

The amount of protein in the urine, as well as 
its level in the circulating plasma, seems to depend 
largely upon the nature and severity of injury to 
the glomerular capillaries ( 14) . Proteinuria may 
also be influenced in a moderate degree by the 
level of protein in the diet (4, 11, 18). In addi- 
tion to these factors there are apparently others 
which induce temporary fluctuations in protein- 
uria. The observations reported here were made 
in an effort to clarify the problem further. 

Our results support the concept that the quan- 
tity of protein lost in the urine is related to the 
amount of glomerular filtrate formed and to the 
rate of production of serum proteins. 

METHODS 

Subjects. The investigations were conducted on four 
patients with chronic active hemorrhagic Bright’s disease. 
Three of these had served as subjects for previous studies 
and their medical histories have been summarized else- 
where (18, 19). 

The fourth patient (J. H.) was a married woman of 
23 years of age. She had scarlet fever at the age of 
fourteen. Protein was first discovered in the urine dur- 
ing pregnancy at the age of eighteen. During her twenty- 
first year she contracted and received treatment for gon- 
orrhea. Clinical cure of the venereal infection resulted. 
During her twenty-second and twenty-third years she 
was ill' on several occasions with acute sinusitis. Two 
months prior to admission her face became swollen, and 
she was told by a physician that she had Bright’s disease. 


Her treatment at this time consisted of frequent cathartic 
doses of epsora salts and a low protein diet. A week be- 
fore admission edema developed in the lower extremities 
and gradually extended upward to involve the abdominal 
wall. Physical examination revealed pallor of the skin 
and mucous membranes; soft pitting edema of the face, 
trunk and lower extremities. The systolic blood pressure 
was 160 mm. of mercury; the diastolic 100 mm. The 
heart was normal. A careful search for foci of infection 
was made, but except for scarred tonsils none were 
found. The blood, at the time of admission contained 
3,200,000 erythrocytes and 8,100 leukocytes per cubic 
millimeter; hemoglobin 9.4 grams; nonprotein nitrogen 
32 mgm., and serum proteins 3.3 grams per 100 ml. The 
albumin ; globulin ratio of the serum proteins was 1,3, 
The concentration of chlorides in the serum was. 112 
m.eq. per liter; CO, combining power of the plasma was 
59 volumes per cent. The urine contained much protein, 
many casts, red cells and epithelial cells. It was sterile 
on culture. An Addis sediment count revealed the pres- 
ence of 13 million erythrocytes, 4 million epithelial and 
■white blood cells, and 66 thousand casts in a twelve hour 
specimen. Urea clearance was approximately 40 per cent 
of the normal average. 

The patient was given a diet liberal in calories and pro- 
teins, She lost her edema and in three weeks the erythro- 
cytes of the blood had increased to 4,000,000 per cubic 
millimeter, the hemoglobin to 12.5 grams and the serum 
proteins to 4 grams per 100 ml. There was no further 
change in these values throughout the balance of her 
stay in the hospital. Subsequent examinations of the 
urine showed no marked change from those noted at the 
time of admission. 

None of the patients on whom this report is based had 
clinical edema while they were subjects of investigation. 

Diets. The diets were prepared, sampled and analyzed 
in a manner previously described (18). During the ex- 
periments recorded in Tables I, III and IV the patients 
were allowed three different menus, which varied slightly 
but had the same caloric and protein content and were 
given on consecutive days. The patients thus ate the 
same food every third day. During the experiments re- 
corded in Tables II, V and VI the patients ate exactly 
the same food each day. No salt was added to the diets 
during their preparation, and fluid intake was kept con- 
stant in each experiment. 

Protein supplements were given in powdered form. 
Liver protein was prepared as previously described (18). 
Egg white was boiled, then minced, deh 3 'drated with aico- 
ho!, dried in a current of warm air and reduced to 
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powder in a ball mill. The kidney protein was prepared 
from fresh raw beef kidney-S, which were washed in run- 
ning water, tlicn minced, dehydrated, dried and powdered 
as in the case of egg protein. 

Analyiical methods. All nitrogen determinations were 
done in triplicate. The nitrogen content of the diets, the 
stools and the daily urine was determined by macro- 
Kjeldahl. The protein in the urine of Case P. V. in 
Table I was determined by the method of Kingsbury, 
Clark, Williams and Post (16). The protein standards 
used, ranging from 5 to 100 mgm. per 100 ml., were 
checked frequently with solutions of known protein con- 
tent. In all other experiments the protein of the urine 
was determined by the micro-Kjeldahl method described 
by Peters and Van Slyke (26). Serum proteins were 
determined by the method of Howe (26). Blood for 
these determinations was drawn without stasis in the 
morning about fourteen hours after the previous meal 
and while the patients were still recumbent. Plasma vol- 
umes were determined by the dye method of Keith, 
Rowntree and Geraghty (17) as modified by Hooper, 
Smith, Belt and Whipple (IS). The patients were 
weighed at the same time each morning after emptying 
the bladder and prior to the ingestion of food. The 
stools were separated by means of carmine given at the 
beginning of each metabolic period. The urea clearance 
tests were done according to the method of Moller, Mc- 
Intosh and Van Slyke (24). With the e.xception of those 
in Table V, the tests were done in duplicate under basal 
conditions in the morning. A uniform amount of water 
was given during each series of tests. The clearances in 
Table V were calculated from the twelve hour urea ex- 
cretion according to the method of Landis and coworkers 
( 21 ). 

The effect of the protein content of the diet on 
proteinuria and urea clearance 

Variations in proteinuria and urea clearance 
with the level of protein in the diet are recorded 
in Table I. In each case there were simultaneous 
changes in proteinuria and urea clearance. There 
was no constant relationship between the pro- 
teinuria and the volume of the urine. 

The clearances of urea, creatinine, xylose and 
sucrose have all been found to vary with the level 
of the protein in the diet, and there is good evi- 
dence for the belief that this I'esults from changes 
in the rates of glomerular filtration (32). Van 
Slyke, Rhoads, Hiller and Alving (33) found 
that increase or decrease in urea clearance was 
accompanied by proportional changes in renal 
blood flow. It, therefore, seems justifiable to 
interpret concommitant increase or decrease in 
proteinuria and urea clearance as the result of 
changes in renal blood flow and glomerular filtra- 


TABLE I 


Changes in proteinuria and urea clearance associated with 
changes in level of protein in the diet 


Case 

Day 

Diet 

Serum 

pro- 

teins 

Urine 

Stand- 

ard 

urea 

dear- 

ancet 

Cal- 

orics 

Pro- 

tein 

Vol- 

ume 

Non- 

pro- 

tein 

nitro- 

gen 

Pro- 

tein 



per 

grams 

per 

ml. 

grams 

grams 

ml. 



diem 

per 

cent 

per 

per 

per 

Per 




diem 


diem 

diem 

diem 

minute 


1-6 

3400 

75 

7.0 

1174 

7.87 

0.070 

23 


7-12 

3400 

75 

7.0 

1312 

8.30 

0.090 

26 

P. V. 

13-18 

3400 

ISO 

7.3 

1450 

15.30 

0.150 

39 

March to 

19-21 

3400 

ISO 

7.0 

1785 

17.60 

0.120 

42 

Alay 

25-30 

3400 

150* 


198S 

17.69 

0.340 


19S1 

31-36 

3400 

ISO* 


1694 

18.58 

0.410 

45 


37-42 

3400 

150 


1809 

17.50 

0.410 

47 


43-18 

3400 

40 

7.0 

1807 

6.55 

0.150 

26 


49-51 

3400 

ISO 


1397 

15.9 

0.170 

45 


55-60 

3400 

ISO 

7.3 

964 

17.4 

0.270 

47 

T. P 

1-9 

3000 

70 

4.1 

2420 

8.2 

9.7 

25 


10-21 

3000 

70 

4.1 

2235 

7.5 

11.6 

20 


25-36 

3000 

180 


2260 

18.6 

15.0 

35 


37-81 

3000 

180 

4.0 

2220 

22.3 

13.0 

32 

102-114 

3000 

70 

4.0 

1920 

9.0 

11.2 

22 


1-10 

3200 

60 

2.95 






11-13 

3200 

60 

2.9 

1230 

5.2 

13.5 

21 


1-1-22 

3400 

110 

3.0 

1220 

8.4 

19.0 

33 


23-31 

3600 

160 

3.0 

1560 

13.0 

23.0 

40 


* (Case P. V.) From the 25th through the 36th day, 60 
grams of protein daily were furnished by liver, in substitu- 
tion for beef and fish muscle given the balance of the time 
on the same level of protein. 

t Each urea clearance value represents the mean of two 
or more determinations. 

tion. An additional factor must be taken into 
consideration in Case P. V. From the twenty- 
fifth to the thirty-sixth days inclusive 60 grams 
of liver protein replaced an equal amount of beef, 
veal and fish protein in his diet. The substitution 
of liver protein led to a further rise in the amount 
of protein in the urine without a corresponding 
increase in urea clearance. Data from several 
sources suggest that this is due to the superiority 
of liver as a source of protein food from which 
the body can fabricate plasma protein (18, 29). 

Table II shows the extent of variation in the 
proteinuria of Case L. R. during two days at dif- 
ferent levels of protein intake. In each case he 
had received the same diet and supplement for five 
previous days. The patient was kept recumbent 
in bed during these two days to avoid postural 
effects. Additional experiments of this nature 
yielded similar results. 

Proteinuria was greater while the patient was 
taking the higher protein diet. At both levels of 
intake proteinuria increased during the day. Ob- 
viously, these variations may have been due to the 
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TABLE n 

Variation in proteinuria during 24 hour periods in Case L. R. 


Time 

Hour of meals 

Basal diet 70 grams protein 
Egg wMte 50 grams protein 
Total 120 grams protein 

Basal diet 70 grams protein 

Egg white 23 grams protein 
Total 93 grams protein 

Urine 

volume 

Urine 

protein 

Urine 

volume 

Urine 

protein 



ml. Per hour 

grams per hour ' 

ml. per hour 

grams per hour 

a.m. 






6:30- 8:30 


124 

0.42 

100 

0.38 

8:30-10:30 

8:40 

58 

0.50 

115 

0.43 

10:30-12:30 


60 

0.57 

168 

0.49 

p.m. 






12:30- 2:30 

12:30 

83 

0.56 

178 

0.58 

2:30- 4:30 


64 

0.75 

239 

0.49 

4:30- 6:30 

6d)0 

67 

0.92 

104 

0.57 

6-30- 8:30 


126 

0.81 

115 

0.55 

8:30-10:30 


74 

0.78 

57 

0.42 

p.m. a.m. 






i0:30- 6:30 


68 

0.44 

57 

0.36 

24 hour total 



14.13 


10.68 


influence of the protein eaten at meal times upon 
the rate of the glomerular filtration or to an in- 
creased rate of manufacture of plasma protein af- 
ter meals or to a combination of these. Similar 
diurnal variations in the urea clearance have been 
found by MacKay (23), and postprandial eleva- 
tions of urea and xylose clearances have been 
demonstrated (27, 32). 

The effect of diuretics 

Theobromine. It is generally conceded that the 
xanthine diuretics increase the rate of glomerular 
filtration. Addis and Drury (1) and Polland 
(28) found that the urea excretory ratio (urea 
clearance) was increased by the xanthine diu- 
retics. Schmitz has reviewed the extensive litera- 
ture on the subject and added further evidence 
for the validity of the concept (31). Page (25) 
found the variation in urea clearance produced by 
a single dose of one of the xanthine diuretics not 
greater than the usual variable conditions existing 
in patients. This does not, however, invalidate 
the results obtained by previous investigators. 

Data obtained when Cases R. P. and J. H. were 
given theobromine are recorded in Table III. 
The total daily dose of the diuretic indicated in 
the table was given in four portions at intervals 
of six hours. 

Proteinuria and urea clearances were definitely 
increased above the basal level when theobromine 
was given. This effect continued for a day or two 


after the medication was stopped. Then both 
proteinuria and clearance decreased to about the 
previous level. Proteinuria during control pe- 
riods after theobromine administration was 
slightly less than in preceding controls, probably 
because of additional depletion of body protein 


TABLE III 


Effect of theobromine on proteinuria and urea clearance. 


Case 

Day 

Diet 

Theo- 

bro- 

mine 

ro- 

dium 

salicy- 

late 

Vol- 

ume 

Urine 

Non^ 

protein 

nitro- 

gen 

Pro- 

tein 

Stand- 

ard 

urea 

clear- 

ance 

Serum 

pro- 

teins 




ijrams 

ml. 

grams 

grams 

cd. 




per Jim 




SL 

SL 

per ctrU 









3.2 


1-13 


0 

1000 

4^ 

14.7 

20-1-3 



14 

Calories 3200 

5 

1490 

5.9 

19.6 


3.0 

H.P.* 

15 

Protein 90 

5 

900 

5.4 

17.1 

35±2 



19 

grams 

0 

1200 

6.2 

lao 




17-20 


0 

1330 

5J 

ILO 

23d3 

3.1 


1-17 


0 

2200 

7J3 

4.7 


10 


18 


0 

1820 

7.1 

4.9 

23-^1 



19 


4 

2510 

9.1 

6.3 




20 

Czlonta 2500 

4 

2120 

7.2 

63 

35i4 


J.H.t 

21 

Protein 60 

4 

1930 

7.0 

63 

36i3 



22 

grams 

0 

2380 

8.2 

6.8 




23-21 


0 

1740 

6.9 

5.7 




25-23 


0 







29-31 


0 

1920 

6.7 

4.4 

22di2 

4.1 


to 13th day volume of urine varied 
betw^n 640 and 1440 ml. per day. From first to 13th day 
on)? “3“^ between 14 and 15.1 grams per day. 

V* 20th day volume of urine variSl between 990 
and 1680 per day. From 17th to 20th day protein in 
urme ■raned between 13.5 and 14.6 grams per day. 

voIume of urine varied 
day. From first to 17th 
^y protein in urme varied between 4.2 and 5 grams per 
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during the experiment. The results suggest that 
theobromine caused increase in glomerular filtra- 
tion. 

Berglund and Sundh (5) determined the creati- 
nine clearance and proteinuria before and after 
administration of euphyllin or caffeine. In most 
instances the results agreed with our findings. 
Since Berglund’s observations were conducted 
only during an interval of three hours, the time of 
maximal effect of the drug may not have been in- 
cluded in all experiments. 

Urea has been used as a diuretic for many 
years, and the mode of its action has been the 
subject of much investigation and controversy. 
Gottlieb and Magnus (12) and Fletcher, Hender- 
son and Loewi (10) found evidence of increased 
renal blood flow after its administration. Hen- 
derson and Loewi (13) also obtained evidence of 
dilution of the blood. Lamy and Mayer (20) 
found that diuresis occurred without evidence of 
either of these phenomena. Cushny (8) came to 
the conclusion that the increase in the amount of 
urea in the tubules prevented reabsorption of wa- 
ter and that at times this effect was reinforced by 
increased renal blood flow and increased glomeru- 
lar filtration resulting from dilution of the blood. 
These conclusions have been supported by the re- 
sults different investigators have obtained while 
working with the urea clearance test. Addis and 
Watanabe (3) found that the administration of 
urea often increased the urea clearance above that 
obtained at normal blood urea levels. Van Slyke, 
Rhoads, Hiller and Alving (33) studying dogs 
with explanted kidneys found that the urea clear- 
ance was sometimes increased by the administra- 
tion of urea, more often not. However, the 
changes in clearance were always found to paral- 
lel changes in the renal blood flow. There are 
several reports in the literature (4, 7) showing 
that administration of urea results in increased 
proteinuria, but the mechanism of its action was 
not ascertained. It seems likely that certain fac- 
tors not yet understood, perhaps the amount of 
water and electrolytes available for mobilization 
determine dilution of the blood and expansion of 
its volume and thus lead to increased glomerular 
filtration. 

Urea was administered to Cases R. P. and J. H. 
for several successive days while they were on a 


TABLE IV 

of urea administration on proteinuria and urea 
clearance 






Urine 

Stand- 

Serum 

pro- 

Case 

Day 

Diet 

Urea 


Non- 


ard 

urea 





Voi- 

protein 

Pro- 

clear- 

teins 





ume 

nitro- 

tein 

aoce 







gen 






ptr diem 

gramt 

ml. 

grami 

gtarni 

ml. 




per 

diem 

dxem 

r. 

En 

per 

minule 

per cent 


1-1 


0 

1330 

5.3 

13.8 


3.0 


5 


fiO 

1S30 

13.4 

14.8 




0 


fiO 

2140 

\ 

17.2 




7 


00 

2680 

27.9 

19.6 




8 


0 

1550 

15.0 

16.8 



R. P. 

SLID 

Calorics 3200 

0 

1230 

8.5 

16.3 



U-15 

Protein 00 

0 

1350 

4.5 

14.3 

20±3 



IS 

grams 

40 

1530 

12.0 

15.5 




17 


40 

1040 

11.4 

15.5 


3.1 


18 


40 

1910 

20.7 

17.8 

31±2 



19 


0 

Lost 






20 


0 

1310 

12,3 

14.0 




21-20 


0 

1030 

7.8 

13.4 

23±0 

3.1 








Maa- 









urea 

clear- 









anc6 









ml. 









per 

minute 



1-10 


0 

1795 

6.5 

4.9 

32±1 

4.0 


11 


40 

1890 

14.9 

6.9 




12 


40 

2090 

21.9 

7.4 

61±6 



13 


40 

2530 

21.2 

7.2 

56±3 


J.H. 

U 

Calories 2500 

40 

2740 

34.0 

7.9 



13 

Protein fiO 

0 

2790 

32.5 

7.4 




IQ 

grams 

0 

1670 

2021 

7.2 

53±2 

3.9 


17-19 

0 

1380 

10.4 

7.4 



20-24 


0 

Menses 




4.0 


25 


0 

1170 

7.7 

4.4 

35d23 


constant dietary and fluid intake. It was neces- 
sary to give 100 ml. of extra water with each 10 
grams of urea. The data are recorded in Table 
IV. In each instance the urine volume rose above 
the control level when the larger amounts of urea 
were excreted. At times the increase in urine was 
greater than the extra water administered; there- 
fore, fluid must have been withdrawn from the 
body. The smaller urine volumes during after 
periods are indications of readjustment. 

Proteinuria and urea clearance increased. Both 
of these effects we believe to have been mani- 
festations of increased glomerular filtration. The 
increase in proteinuria in Case J. H. attained a 
maximum of 61 per cent above the control level 
and remained high until the excess of urea had 
been eliminated, a matter of some three or four 
days after its administration had been stopped. 
As will appear later, there is a rather striking 
parallelism between increase in proteinuria after 
urea and after the ingestion of a large supple- 
mentary feeding of protein. 
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TABLE V 

Protein metabolism before and after intravenous plasma protein in Case R. P. 


Period 

Day 

ol 

pcfiod 

aod remarka 

Pro- 
^ tcin 
intake 

Urine 

non; 

protein 

nitro- 

gen 

Stool 

nitro- 

gen 

Urine 

pro- 

tein 

Balance 

Blood 

Plasma 

vol- 

ume 

Urine 

vol- 

ume 

Stand- 

ard 

urea 

clear- 

ance 

Body 

weight 

Non; 

protein 

nitro- 

gen 

Serum 

albumin 

Serum 

globulin 

i 



oramto/ 

{P’amt 


grams of 

gram* of 

mgm. 




ml. per 

ml. 


dayt 



nUrofen 

per 

per 

nitroQen 

nitrogen 

per 

per cent 

per cent 

ml. 

diem — 

per 

kgm. 

each 



perdiem 

dian 

diem 

perdiem 

perdiem 

cent 




Average 

mxnute 










38 

2.46 

1.83 





1-3 

Average 


10.67 

7.88 

1.34 

1.47 

+0.18 

35 

2.51 

1.67 


1415 

28 

61.84 



Control diet 













4-7 

Average 

2o00 calories 

10.67 

6.92 

1.34 

1.40 

+1.04 

35 

2.35 

1.63 

3060 


28 

61.07 



67 grams proteb 













8-U 



10.67 

6.72 

1.34 

1.47 

+1.14 







61.64 


1 


10.67 

6.67 

1.34 

1.42 

+1.24 

35 

2.56’ 

1.57 

2820 

1658 

25 

61,53 



Control diet plus 















Plasma protein 41 grams 

10.67 





35 

2.94** 

1.51 





12 


Plasma nonprotein nltro- 

6.72 






3.03t 

1.65 






gen 0.16 grams 















Intravenously 

17J0 

7.28 

1.34 

2.09 

+7.78 

33 

3.08{ 

1J5 

3850 

2270 

38 

61.31 


3 


10.67 

6.83 

1.34 

2.52 

+0.34 





1720 


61.38 


1 


10.67 

6.31 

1.34 

2.46 

+0.56 

32 

2.62 

1.89 

3050 

1575 

27.5 

61.12 

13 

2 


10.67 

6.07 

1.34 

2.17 

+1.09 





1515 

27 

61.48 


3 


10.67 

6.24 

1.34 

mmm 

+1.05 





1560 


61,68 

14 

Average 


10.67 

6.71 

1.34 

mwiiM 

+0.73 

32 

2.77 

1.69 


1693 

27 

61.76 

15 



10.67 

6.49 

1.34 

■m 

+1.10 





1600 



16 

Average 


10.67 

6.82 

1.34 

1.70 

+0.80 

35 

2.52 

1.68 


1650 


62.29 


* Before transfusion. 

** 10 minutes after transfusion. 
1 6 hours after transfusion, 
t 21 hours after transfusion. 


The effect of increasing the volume of the plasma 

and the level of plasma protein by transfusion 

The immediate effect of transfusion of plasma 
protein was found to be an increase in the con- 
centration of protein in the plasma and an increase 
in plasma volume. The data from such an experi- 
ment are recorded in Table V. During a prelimi- 
nary period of thirty-four days Case R. P. was 
kept on a constant diet, the protein and caloric 
content of which was fixed at a level found to be 
sufficient to permit the daily deposition of a small 
amount of protein. The patient’s activity was 
limited to walking about his room. When catabo- 
lism, proteinuria and protein deposition were all 
fairly constant (Period 12) he received a transfu- 
sion of 783.5 grams of citrated plasma from com- 
patible donors. The actual volume of the trans- 
fusion was 771 ml. On analysis the transfusion 
mixture was found to contain 6.56 grams of pro- 
tein nitrogen and 0.16 gram of nonprotein nitro- 
gen. Ninety-five ml. of physiological sodium 
chloride solution were used to wash the plasma 
from the gravity apparatus into the vein. 

Previous to transfusion the concentration of 
serum proteins was nearly constant at 4.0 to 4.1 


grams per cent. The maximum rise after trans- 
fusion was noted at the end of 6 hours, when a 
concentration of 4.68 grams per cent was re- 
corded. Measurement of the plasma volume 21 
hours afterward showed an increase about equiv- 
alent to the quantity of fluid injected. 

Proteinuria increased and remained at levels 
higher than control for fourteen days. At the 
end of this time, the concentration of serum pro- 
tein had fallen to the pretransfusion level, and the 
sum of the daily increments in proteinuria had 
now slightly exceeded the total amount of trans- 
fused protein. The urea clearance rose during 
the period of increased plasma volume and, it 
seems logical to infer increased glomerular filtra- 
tion until the second day after transfusion, when 
it was found that urea clearance and plasma vol- 
ume were essentially as in control periods. In- 
creases in proteinuria thereafter were presumably 
associated with the slight increase in the concen- 
tration of plasma protein. 

Lag in proteinuria 

It h^ been observed that a change from a lower 
to a higher level of protein in the diet is some- 
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TABLE VI 


Prolein taclabolistn and proteinuria as affected by large supplementary feedings of protein given during a single day 












Biood 






Day 


Pro- 

Urine 

Stool 

Urine 


De- 




Urine 





non- 





Body 

Case 

Period 

of 

Diet and remarks 

icin 

protein 

nitro- 

pro- 

posited 




vol- 



period 


intake 

nitro- 

sen 

icin 

protein 

protein 

Scrum 

Serum 

ume 

weight 






Rcrv 




nitro- 

albumin 

globulin 












sen 






S 



grams o/ 

grums 


grams of 

gfams of 

mgm. 



fJiL 

kgm. 


Jays 



nitrogen 

Per 

Per 

nitrogen 

nitrogen 

per 

per cent 

per cent 

Per 


each 



per diem 

diem 

diem 

per diem 

per diem 

cent 

diem 


IS 

1-3 

Control diet 

10.67 





32 




62.2 


19 

1-3 

2900 calorics 

67 grams protein 

10.67 

6,53 

1.34 

1.67 

1.13 




2160 

62.0 

61,9- 


20 

1-3 

10.67 

6.43 

1.34 

1.62 

1.28 

35 

2.52 

1.68 

2020 




Control diet 

10.67 













Egg white 

16.00 












1 

Total 

26.67 

9.76 

1,84 

1.77 





1585 

62.7 


21 

2 


10.67 

10.09 

1.34 

1.92 


53 

2.56 

1,63 

2270 

62.3 



3 


10.67 

8.02 

1.34 

2.05 





1430 

62.7 


> 

1 


10.67 

7.43 

1.34 

1.89 





1910 

62.7 

R. P. 

22- 

2 

Control diet 

10.67 

7.71 

1.34 

1.76 





2120 

62.6 

3 


10.67 

7.44 

1.34 

1.61 


32 

2.46 

1.79 

2140 

62.5 


23 ^ 

1-3 


10.67 

6.50 

1.34 

1.70 

1.13 

35 

2.70 

1.40 

1930 

62.5 




Control diet 

10.67 












1 

Kidney protein 

16.00 











24- 


Total 

26.67 

10.02 

2.52 

1.79 





1935 

63.0 



2 


10.67 

8.98 

1.34 

2.26 





2055 

62.6 



3 


10.67 

7.59 

1.34 

2.05 





1715 

62.9 



1 

Control diet 

10.67 

7.18 

1.34 

1.89 





1740 

63.8 


25- 

2 

10.67 

6.78 

1.34 

1.95 




1.76 

1642 

63.3 


3 


10.67 

6.83 

1.34 

1.69 


35 

2.43 

1840 

63.5 


26 

1-3 


10.67 

6.63 

1.34 

1.70 

1,10 




2100 

63.0 



■Hi 

Control diet 

mm 












D 

Liver protein 

HI 











27 

■ 

Total 

26.67 

9.73 

2.92 

2.25 





1238 

63.1 





10.67 

9.69 

1.34 

2.33 





1535 

63.0 



3 


10.67 

7.86 

1.34 

2,02 





1475 

63.2 


28 

1-3 

Control diet 

10.67 

6.99 

1.34 

1.92 


31 

2.34 

1.76 

1435 

63.7 

63.7 

_ 


29 

1-3 


10.67 

6.73 

1.34 

1,92 





1800 


i-2 

1-3 

Control diet 

11.24 









75.5 


3-4 

1-3 

3000 calories 

70 grams protein 

11.24 

8.01 

1.35 

1.50 

0.42 

25 

2.07 

1.62 

2180 

74.3 




Control diet 

11.24 










L. R. 


I 

Liver protein 

16.00 









74.0 

74.0 

73.9 

74.2 

73.9 

74.0 


5 ' 

6 - 



27.24 

11.57 

4.4 

1.60 






2020, 


2 

1 


11.24 

11.24 

11.24 

11.24 

11.24 

10.51 

9,14 

8,32 

8.23 

8.00 

1.35 

1.35 

1.35 

1.35 

1.35 

1.63 

2.12 

2.05 

2.38 

2.27 

, 

■ 15.62 

28 

2.20 

1.60 

2000 

2090 

1960 

1860 

2330 












— 


■ — 
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times followed by a prompt increase in protein- 
uria ; at other times there is a delay before the in- 
crease in urinary protein appears. Whipple and 
collaborators have noted a similar delay in forma- 
tion of plasma proteins in the dog, and attributed 
it to filling of reserve depots previously depleted 
of protein (29) . Falta found considerable lag in 
excretion of nitrogen following superposition of 
certain proteins on a control diet (9). Lag was 
attributed to deposition of protein in the tissues 
and subsequent catabolism of it. 

Table VI shows the effect of adding a large 
quantity of protein to a standard diet during a 
single day. Supplementary feedings of egg white, 
kidney and liver protein were given. In each case 
the amount of protein fed contained 16 grams of 
nitrogen. Catabolism of protein, as represented 
by the nonprotein m'trogen of the urine, was 
greatest on the day of ingestion of extra protein 
or on the following day and gradually declined 
to the control level three or four days later. Any 
diuretic effect ^ of the protein supplement should 
have been operative during this interval. As the 
table indicates, proteinuria was usually at a maxi- 
mum a day or two following the day on which the 
maximum excretion of nonprotein nitrogen oc- 
curred. After ingestion of liver protein both pa- 
tients continued to excrete a considerable amount 
of excess protein in the urine, even when the uri- 
nary nonprotein nitrogen had returned to basal 
values. No evidence of increase in the concentra- 
tion of serum protein was found, an observation 
in agreement with previous determinations of 
plasma proteins during such periods of increased 
proteinuria (18). The delay in attainment of 
maximum proteinuria was similar to that observed 
when urea was administered. In the absence of 
sufficiently complete data an hypothesis may be 
tentatively offered to explain the delayed rise in 
urinary protein on feeding liver protein and the 
persistence of this rise after evidence of increased 
catabolism of protein had disappeared. On feed- 
ing urea, it was noted that the full effect on 
glomerular filtration in terms of proteinuria was 
not achieved until the second or third day of the 
experiment. This is probably because time is re- 
quired for the expansion of plasma volume pre- 

^ The term “ diuretic effect ” as used above is synony- 
mous with increased glomerular filtration. 


ceding increased renal blood flow. Furthermore, 
it has been clearly shown that in dogs undergoing 
plasmapheresis an increase of protein in the ration 
increases the formation of plasma protein and that 
this effect persists for a varying interval of time 
after the protein supplement has been discontinued 
(29). In the present instance both of the afore- 
mentioned factors may have been operative. The 
long delay in reverting to basal conditions is prob- 
ably due to increased production of plasma pro- 
tein. When the tissues receive the components of 
plasma protein, an interval of two or three days 
may elapse before the synthesis of new protein is 
completed. Thereafter, it may be picked up 
slowly by the circulating plasma and escape in the 
urine. This is equivalent to stating that protein is 
first deposited in a depot and subsequently given 
up to the blood. 

DISCUSSION 

Despite gaps in our knowledge, currently recog- 
nized factors give a fairly clear picture of the 
mechanism of proteinuria. The role played by 
increase in glomerular permeability with resultant 
fall in the level of plasma proteins, the latter ef- 
fect in turn leading to a heightened stimulus for 
the formation of these proteins, has already been 
discussed (18). The response to the stimulus 
leading to production of plasma proteins is partly 
dependent upon dietary sources and partly upon 
available stores of protein in the tissues. The 
amount of protein which can ultimately be con- 
tributed to the plasma by the tissues is evidently 
very large, but the readiness with which the tis- 
sues give up protein depends upon the presence of 
a labile reserve of protein in them. This seems to 
be but a relatively small fraction of the total pro- 
tein of an organ or tissue. It may be rapidly de- 
pleted when plasma protein is needed and con- 
versely quickly restored under optimal nutritional 
conditions. This fraction has been thought of in 
the past as a separate entity or depot, but the work 
of Luck (22) probably establishes its existence 
as an integral part of the cellular structure of the 
body, indistinguishable from other tissue proteins. 
The existence in the liver of such labile protein 
has been demonstrated by Addis, Poo and Lew 
(2). Replacement of this labile protein or the 
fact that plasma proteins must pass through the 
labile protein stage may be responsible for the lag 
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in their appearance in the urine under favorable 
nutritional conditions. Data in Table VI suggest 
that protein may at times be temporarily retained 
in the labile fraction during the process of being 
converted into circulating plasma protein. 

The balance of the protein of the body seems to 
be more firmly bound. Even large additions to 
tissue and organ proteins do not seem to influence 
the concentration of plasma proteins nor protein- 
uria (18). Yet a small addition to labile stores is 
reflected in an increased proteinuria, presumably 
through the medium of increase in the rate of 
formation of plasma proteins. When the store is 
exhausted, proteinuria returns to its previous 
level. 

The rate of glomerular filtration has a definite 
influence on the magnitude of proteinuria. Vari- 
ations in the rate of filtration may be brought 
about by changes in protein intake or by other 
changes in protein metabolism which Pitts (27) 
has found to be intimately associated with changes 
in renal activity. In the experiments in this pa- 
per, variations in the rate of glomerular filtration 
were produced by diuretic substances, by increas- 
ing the volume of blood and by changing the pro- 
tein content of the diet. It is only by the use of 
diuretics that one may clearly separate the effect 
of changes in the rate of glomerular filtration 
from other factors which tend to change protein- 
uria. We have used the urea clearance as evi- 
dence of change in rate of filtration. While this 
clearance does not give an absolute measure of the 
amount of glomerular filtrate formed, it is safe 
to state that changes in urea clearance in any one 
individual are accompanied by changes in glom- 
erular filtration in the same direction (32). Van 
Slyke, Rhoads, Hiller and Alving (33) found that 
changes in urea clearance were accompanied by 
parallel changes in renal blood flow. Bing (6) 
and Berglund and coworkers (4) have measured 
proteinuria in combination with creatinine clear- 
ance. The results were similar to ours. 

Employment of a method giving a true measure 
of the amount of glomerular filtrate formed and 
simultaneous measurements of proteinuria would 
be necessary to establish the exact relationship be- 
tween the two. Even then it is doubtful if one 
could expect more than qualitative changes in the 
same direction. Proteinuria varying in a manner 


exactly proportional to the amount of filtrate 
would require that increase in permeability take 
place by uniform enlargement of the pores in the 
filtering membrane. As Richards et al. (30) have 
pointed out, it is likely that damage results in the 
formation of abnormal pores of varying size scat- 
tered throughout the glomeruli. These permit the 
escape of minute amounts of serum as well as oc- 
casional erythrocytes. Such irregularity of dam- 
age could explain the minor variations in protein- 
uria we have found from day to day in patients 
on a uniform regime, as well as the lack of uni- 
formity in daily albumin : globulin ratios of the 
urinary proteins. 

The preceding discussion does not include the 
possibility, suggested by Ekehorn (34), of serum 
protein being reabsorbed by the tubular epithe- 
lium. Pie advanced this possibility because 
smaller amounts of protein were found in the 
bladder urine of certain animals than could be 
explained from its concentration in the glomeru- 
lar filtrate when the latter was obtained by direct 
puncture of the glomerular capsule. He assumed 
that the protein concentration of the particular 
glomerulus was representative of that in all the 
glomeruli of the kidney, a doubtful assumption 
under the conditions. Reabsorption of hemo- 
globin in the tubules has also been suggested by 
several investigators (34, 35). The basis for this 
suggestion was the finding of iron staining pig- 
ment in the tubule cells of patients with hemo- 
globinuria or animals which had been given hemo- 
globin intravenously. The splitting of the hemo- 
globin in the lumina of the tubules and subsequent 
absorption of the pigment derivative is equally 
likely, especially since some of the iron staining 
pigment has usually been found in the tubular lu- 
mina as well as in the epithelial cells. 

SUMMARY 

Simultaneous increases in proteinuria and urea 
clearance have been produced by increasing the 
protein of the diet, by administration of diuretics 
and by increasing the volume of the blood plasma. 
The latter effect was accomplished by transfusion 
of plasma. A somewhat higher concentration of 
plasma protein persisted for some time after re- 
adjustment of the plasma volume to the pretrans- 
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fusion level and was accompanied by loss of more 
protein in the urine. 

Increases in proteinuria in Bright’s disease may 
be explained by the presence of one or more of 
the following factors: 

(a) Increase in glomerular permeability. 

(f>) Increase in the rate of glomerular filtra- 
tion. 

(c) Presence in diet or in body reserves of 

more new material from which plasma 
proteins may be constructed. 

(d) Artificial increase in the concentration of 

plasma protein such as follows trans- 
fusion. 
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The apparatus I wish to describe was designed 
for the study of volume changes due to varying 
degrees of fullness of the smaller blood vessels in 
a portion of the human body, particularly for that 
portion of the finger distal to the major skin 
creases at the terminal finger joint. 

The principal characteristics aimed at in devis- 
ing the apparatus and method were; 1. Accurate 
measurement should be possible for either quick 
volume changes due to the pulse when as small as 
0.5 cu. mm. and of slower changes in volume of 
relatively great magnitude, that is up to 800 cu. 
mm. 2. Each type of measurement should be 
based on graphic records made simultaneously. 3. 
In use, no influence of instrumental origin should 
modify the physiological phenomena under study, 
particularly by mechanical pressures causing con- 
striction and consequent distension or emptying 
of blood vessels or by causing pain, fear, or other 
discomfort. The temperature, humidity and 
movement of the air around the skin should be 
normal. 4. The accuracy of measurements should 
not be impaired by change in room temperature. 
5. The instrument should be dependable and ^y 
to use. The apparatus about to be descnbed 
seems to meet satisfactorily these requirerneiRs 
except those concerning skin environment an t e 
effect of room temperature. 

The apparatus, other than photokymograph and 
lamp, consists of a fine recorder (Figure ), a 
coarse recorder and calibrator (Figure ), a 
finger container cup and connecting tu es t 
ure 5), all of which enclose a common space faUed 
with air slightly above atmospheric pressime. e 
volume of the air space is susceptible to change by 
movements of the walls in only three separa 
portions of the apparatus, first by bu gmg or r 
traction of the walls (skin) of that po on 


the air space which conies in contact with the body 
part being observed; second, by change in shape 
and size of the fine recording capsule; third, by 
lengthening or shortening the metal bellows in the 
coarse recorder. Whenever the air space is en- 
croached upon by a slight swelling of the finger, 
the recorder capsule bulges by an almost equal 
volume. The volume increase of the capsule is 
slightly less than the volume increase of the finger 
due to the compression of the air in order to over- 
come the resistance of the capsule to distortion. 
If the swelling of the body part is of great mag- 
nitude, great distension of the capsule tends to oc- 
cur, but is prevented by the intervention of the 
operator who, being warned by the wide excursion 
of the light beam, brings the system back to orig- 
inal volume and pressure by accommodating the 
air displaced from the finger cup within the coarse 
recorder where the volume of the bellows is in- 
creased until the fine recorder has returned to its 
zero range. A beam of light from one of the 
coarse recorder mirrors traces a record of this 
large volume change. 

The three principal units of the apparatus 
which encloses the air space are connected by 
three lengths of rubber tubing leading to the three 
arms of a four-way metal connection from the 
fourth arm of which another length of rubber 
tubing makes connection with a stopcock which 
opens or closes the air space. Each of three 
lengths of rubber tubing is one foot long, and the 
fourth, that which leads to the finger container 
cup, is six feet long. The internal diameter of all 
tubing and connections is Yia inch and the outside 
diameter inch. A thin coating of stopcock 
grease u’as always applied to the metal connec- 
tion parts before inserting them into the rubber 
tubing. Leaks, which have given little trouble, 
are indicated by drift of the fine recorder beam. 
Constancy in the volume of the enclosed air space 
is dependent upon constancy in temperature. A 
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chcTiigc ill temperature of 1° C. produces a volume 
change of approximately 0.26 per cent, which for 
an air volume of 5 cc. would cause a volume 
change of 13 cu. mm. The apparatus has been 
used solely in a room where the temperature was 
kept automatically at either 21,1° C. or 23.9° C. 
with a maximum variation of ± 0.3° C. The 
apparatus functions to a certain extent as a radi- 
ometer, giving in response to hyperemia of the 
skin a beam deflection indicative of increased fin- 
ger volume which is in part actually due to the 
increased temperature of the skin and the conse- 
quent increased temperature of the air within the 
finger container cup. However, the temperature 
effect is usually quite small as compared with the 
actual volume change of the finger. 

The fine recorder. The fine recorder (Figure 
1) is an optical capsule employing the well-known 
principles of the Frank segment capsule and dif- 
fering chiefly in that stretching of the rubber 
membrane is largely avoided. Instead of stretch- 
ing the rubber tambour over a rigid metal cup as 
is the usual procedure, a shallow flexible cup of 
thin rubber was used which permitted bulging of 
the membrane with less stretching. The capsule 
(C and Cf) was made of two circles (%« inch in 
diameter) of sheet rubber (made by the anode 
method, Miller Rubber Company, Akron, Ohio) 
0.007 inch thick stuck together at their periph- 
eries. In the finished capsule, the front circle 
carried the mirror (m) and the rear circle which 
had been slightly cupped before being joined 
to the front circle, served to exert slight stretch 
on the front membrane. In making the cap- 
sule, the two small pieces of sheet rubber were 
vulcanized to each other by a heated dull cork 
borer. The piece which was to serve as a cup 
was cemented to the squarely cut end of a 
piece of copper tubing (t) (outside diameter % 
inch) and the tube unsealed by inserting a hot 
wire into the lumen. The tube was slipped into 
a hole at the bottom of a shallow' crater which had 
been turned in the surface of a small brass block. 
The piece of rubber was cupped by pressing the 
center to the desired depth in the crater. The 
front membrane was slightly stretched over the 
concave surface of the rear piece and the heated 
tube applied. At this stage all parts were held 
mechanically in proper alignment and the degree 



Fig. 1, Fine Recorder Capsule Unit 


View from right side and in addition a front view of 
capsule (Cf) and mirror (f/i). Rigid brass bar (Z>) in 
cross section upon which different recording devices are 
mounted. Screws (5'3) pass through vertical slots in 
part (ff) which allow adjustment vertically. C = cap- 
sule side view, i — copper tubing (outside diameter == 
% inch). K = ball through which tube passes; the ball 
fits into sockets in parts (a) and (p), e = setscrew 
with countersunk head, r = rubber tubing, = screw 
threaded into both (a) and (p) and serves as hinge for 
the two parts. S2 = screw threaded only into (p), ad- 
justment of which tightens or loosens ball (K) in socket 
permitting setting of filament image from mirror (>») 
at proper natural zero, and also by rotation about axis 
of tube to adjustment of long axis of mirror to vertical. 

of stretch of the front membrane controlled ac- 
curately by having it fastened to a metal ring 
through which, for the desired distance, could be 
thrust, by a screw mechanism, a smaller ring pro- 
ducing stretch of the desired degree. These parts 
as a unit were held in the lathe chuck, and the 
heated cork borer, its cutting edge accurately 
shaped, was carried by the tail piece of the lathe 
quickly and accurately through the opening of 
the inner ring. The two pieces of membrane were 
caught between the surface of the crater block 
and the edge of the heated tube and sealed to each 
other. Small leaks due to failure of vulcanization 
were sealed by passing them through a small drop 
of rubber cement two or three times with intervals 
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Fig. 2. Variation in Volume Response of the Fine Recorder Due to 
State of Fullness of the Capsule 
Data for the graph were obtained by making 69 quick calibrations in 
groups of three distributed across the width of the photographic strip. 
Height of upstroke refers to beam deviations caused by diminution of 
calibrator volume by 5 cu. mm., each dot representing the mean of 3 dif- 
ferent deviations or upstrokes. The lower edge of the photographic 
record was to the right of the capsule during the process of recording. 
As the volume of the capsule increased the beam swung from right to left 
(upward on the finished record) and with increasing volume the size of 
the deviation per unit of volume change in the calibrator tended to di- 
minish. Volume of the air space was approximately 7.0 cc. Owing to 
the fact that the natural zero point for the recording beam was at a point 
40 mm. from the right edge of the photographic strip while in the camera, 
a slight degree of inflation of the capsule had been accomplished before 
the beam fell on the strip. 


between for drying. A rectangular mirror (hi) * 
%4 X %4 inch was stuck with shellac to the front 
membrane about %6 inch from the circumference 
with the long axis parallel to a chord of the circle. 
The capsule was mounted by a rigid support in 
front of the photokymograph, as shown in Fig- 
ure 1. A straight filament lamp ^ was mounted 
rigidly 4% inches in front of and slightly below 
the mirror with filament vertical and side of bulb 
toward mirror and completely enclosed in a metal 

* Westinghouse Electric & Manufacturing Company 
No. 594186. 

^ Westinghouse Electric & ilanufacturing Company 
No. 463604. 


housing except for a narrow window which al- 
lowed the light to fall only upon the mirrors and 
the adjoining spaces. A photokymograph carry- 
ing bromide paper 120 mm. wide and driven 
vertically downward was placed 21% inches in 
front of the mirrors. 

Individual capsules differed somewhat in sensi- 
tivity, ranging from 3 to 9 mm. deflection for a 
volume change of 1 cu. mm. Deflections are 
read to the nearest 0.1 mm. on the record, which 
for a 5 to 1 calibration means reading to the near- 
est 0.05 cu. mm. Capsules of somewhat different 
design have had a sensitivity of 14 to 1. Such ex- 
treme sensitivity involves difficulties since smalt 
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volume changes are likely to cause the beam to 

leave the photographic film. 

The degree of proportionality between volume 
change and deflection of the recording beam 
throughout the recording range is shown m Fig- 
ure 2. The deflections due to both the calibrator 
and pulse are routinely recorded so as to be cen- 
tered upon the same longitudinal line on the pho- 
tographic strip. Recording pulse volumes of 
greater or less amplitude than that of the calibra- 
tion introduces a positive error on one side of the 
line and a negative error on the other which tend 
to neutralize each other. The tendency toward 
diminished deflection per unit volume change as 
the capsule volume increases is accentuated as the 

"a 11 partTmade of brass unless otherwise specified. 


volume of the total air space of the appara-.c; ■ 
creased, but is of little imporvance tor ’.oiutor. 
less than 10 cc Air pressures v.tilr: the ca: ,;: 
as we have used it, do not exceed 12 uiui. vt . 
ter above atmospheric pressure. 

The maximum length of life o: ::.ese 
has not been determined. Hov. ever, one •.'u, > 
in regular use for eleven months v.dthou: c lue 
of deterioration. 

So far as I am av.-are, no one -.•us e-iah:'. 
such comprehensive criteria tor the ••oiour^- 
quency characteristics of a capsule de.,1;':.-,-', 
recording volume changes v.dm mlninAh 
in the system as exist for pressure re-.oehc', 
in which volume changes are kept as low a. 


j/or'lof. i, 


i/j'A- 


1. Steel base plate. 

2. Steel shaft. . j f nin 

3. Cuff fastened to pulley upper portion concentric with shaft and loii- 

4. Sleeve which acts as of Laft This is the inner eccentric. 

eccentric J.t cifcle centered %a inch from that of inner eccentric* / 

5. 0«,„ 

eccentric “P° n to 44 inch The circumference of the outer eccentric may irnyuri a ■■ 

inch along the radius of a circle centered with shaft (2) to an object vress./:>r;:;;;;: 

6. Growe in on^ orwhich is (9). 

7. Aluminum y-P“‘>ey 4 screws (10) the outer eccentric is fixed to pulley (7) by friction, 

8. Clamping ring. V ^ eccentric indicated by pointer (11) on graduated scale on xim of puile.. 

Se is'gTaduated in cu. mm. volume change of bellows. 

9. Setscrew. 

10. Holes for screws. volume change in bellows per revolution of pulley. 

“■ £ ‘"Lbll.h.. d<ivi.S »"••« 

drum not shown.) 

13. Cuff for holding moving parts on shait. 

14. Nuts. 

15. Lateral pieces of bellows „e,ving into base (1) and receiving the screw (17). 

16. Top piece of bellows ir^eja back and forth by rocker arm (18) 

17. Screw with threads 16 ^r men eccentric (S). 

an arc up to 3“ as determined by the 

18. Rocker arm of phosphor bronze «ch thae . 

19. Nuts. through which bellows filler (21) is threaded and held by nuts (2/), 

20. Bottom piece of bellows tramc 

21. Bellows filler for limiting dead P • jo7611-24B). 

22. Metal bellows (Fulton-Sylphon, ^ (24) connecting with hole (25) establishing coi 

23. Piece of Vs inch copper (22) and the connecting tube. 

between the air space (26) witnin 

27, Nuts. . A narts of bellows frame. 

29. Screws which hold toge e . ^ jfjvjng motor. 

30. Upright shaft upon which is ^ i„ch wide. Keeps rocker arm (18) pressed snugly 

31. Spring inch thick of phosphor bronze 

groove on the outer eccentric. 

32. Spring holder. The lower portion. 


’.hrvugl; 




h.'tv 
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FRONT 

Fig. 4. The Coarse Recorder and Quick Calibrator 

A. View from above with top horizontal, (1) removed and quick calibrator level (5) and portion of cuff (4) 

cut away. 

B. View from left side showing in section the bellows (12) and the male (13) and female (14) parts into 

which the two ends of the bellows are soldered. 

C. View from the front. 

D. View from rear showing only the mirror shaft assembly. 

E. View of mirror assembly only, from below. 

All parts made of brass unless otherwise specified. 

1. Top piece of frame. 

2. Front end piece of frame. 

3. Screw, 20 threads per inch, for instantaneous calibrator. 

4. Cuff. 

5. Calibrator handle of number 18 music wire. 

6. Split block for screw (7). 

7. Adjustable stop of steel for instantaneous calibrator. 

8. Steel lever passing through screw (3), movement limited by adjustable stop (7) and fixed stop (9). 

10. Spring attached between steel lever (8) and screw (11). 

12. Brass bellows (Fulton-Sylphon Number 107611-24B) length varied by the movement upon each other of two 
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sible. It has seemed advisable to observe the re- 
sponse of the capsule to known equal clianges in 
volume of the air space in another portion of the 
apparatus at widely varying frequencies. For 
the purpose of bringing about these volume 
changes at the desired frequencies it was neces- 
sary to design and build a special device. The 
construction and mode of operation are shown in 
Figure 3 and the accompanying legend. The cap- 
sule has been tested by joining the variable air 
space of this apparatus to the air spaces of the 
capsule and calibrator by means of the same rub- 
ber tubing used for connecting the finger cup. 
For each test equal rhythmic voliune changes were 
employed at varying frequencies. In different 
tests the volume change varied from 2 to 10 cu. 
mm. In a typical experiment using volume 
changes of constant size and at increasing fre- 
quencies, it was observed that at 5 cycles per sec- 
ond the amplitude recorded by the deflected light 
beam was 19.5 mm. which increased with increas- 
ing frequencies so that at 10 cycles per second the 
amplitude was 23.5 mm. where it maintained a 
high degree of constancy up to a frequency of 
40 cycles per second when the amplitude of the 
deflections began to diminish and at 60 cycles per 


second had fallen to an amplitude of 12 mm. The 
chief purpose for which this recorder was de- 
signed was the measurement of the volume 
changes due to the pulse in a portion of the finger. 
The most difificult task for such a device is the 
recording of the upstroke of the pulse wave 
which may occupy as little as 0.01 second, the 
equivalent of half of a 50 cycle wave. The be- 
havior of the capsule was observed, using several 
technics, when it was required to make one quick 
change in volume. In one technic the capsule was 
connected to one of two short pieces of rubber 
tubing which were separated by a glass stopcock. 
The open end of the second piece of tubing was 
closed by a clamp and with the stopcock closed 
either positive or negative pressure was produced 
within the second piece of tubing by the use of 
another clamp. When the stopcock was quickly 
opened, there was a single quick deviation of the 
recorder beam without overshooting to a new po- 
sition typically as follows. The entire deviation 
of the filament image ^vas 37 mm., 92 per cent 
(34 mm.) occurred in 0.016 second and 8 per 
cent (3 mm.) required 0.080 second. This is the 
behavior of a highly damped recorder. Using 
another technic, when a deviation of 55 mm. oc- 


parts (13 and 14) holding the two ends of bellows. 

13. Male part and dead space filler soldered into open end of bellows. 

14. Female part into which closed end of bellows was soldered. 

15. Air space varied by length of bellows. 

16. Hole leading from air space to rubber tubing slipped over tube (17). 

18. Spring which tends to lengthen bellows, thrusting male part against screw (3) and female part against 
screw (19, 80 threads per inch, left handed) which is rotated by gear (20, 32 teeth) in mesh with gear (21, 
6 teeth) on shaft (22) which is turned by handle (23). 

24. Part soldered to (14) prevents rotation of bellows supports by sliding along bottom of frame (32) against 
which it is tightly pressed by pin (25) and spring (26). 

27. Rod with eccentric point held in part (24) by screw (31) ; point presses against flat face of lever (28) which 
rotates shaft (30) which carries coarse recorder mirror. Lever 28 is held against point of rod (27) by 
spring (29). 

33. Bearing for shaft (30). Cuff about 30 preventing upward movement of shaft not shown in drawing. 

34. Mirror carrier block. 

35. 36, 37. Mirror carrier rods of number 5 jewelers’ pivot steel, lower ends cut at an angle of 7° from axis 

of shaft (30) to receive mirrors. 

38. Setscrew for fixing mirror rod (36). 

39. Flat spring split to make 3 springs which prevent mirror carrier rods from falling out where screws ar< 

loosened. 

40. Rear frame end piece. 

41. Front frame end piece. Same as (2). 

42. Bracket for fastening instrument to supporting horizontal bar by means of screws. The same bar also 

ports the fine recorder capsule. Both coarse and fine recorder mirrors (Westinghouse number 5941^^ 
receive light from same straight filament lamp (Westinghouse number 463604) from a distance ' 44 
inches and both record on the same moving strip of bromide paper at a distance of 21V. inches °th 
the use of lens except the cylindrical lens of the photokj-mograph. *” withoJ 
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curred in less than 0.002 second there was some 
overshooting. In routine use the regular mode of 
quick calibration gives a volume change requiring 
0.033 second which is the equivalent of one-half 
cycle at a frequency of 15 per second. 

The coarse recorder. This unit consists of the 
coarse, or slow, recorder and the quick calibrator, 
the construction of which is shown in Figure 4 
and the accompanying legend. The rods (35, 36, 
37) supporting the mirrors are so adjusted as to 
space evenly the three images of the lamp fila- 
ment at such distances apart that, as the mirror 
shaft (/J, B, C 30) is rotated, one image does not 
leave the photographic record before the next ar- 
rives upon it. In this way the coarse recorder 
utilizes the equivalent of a photographic strip 
slightly less than three times the width of that 
actually employed. By rotating the rod with the 
eccentric point (A and B 27) the effective length 
of the lever (A 28) can be varied so that the 
value in cu. mm. of volume of a given deviation 
of an image on the photographic record can be 
set at a convenient figure. For calibrating the 
coarse recorder the outlet was connected by 
rubber tubing to a pipette of 0.1 cc. capacity 
which could be read to 1 cu. mm., clamped in a 
horizontal position and containing a small drop of 
alcohol. By turning the crank (A and B 23) 
volume change in the metal bellows (B 12) was 
produced, displacing the drop along the lumen of 
the pipette. By changing the volume in units of 
10 cu. mm. and stopping the meniscus of the drop 
for a moment at each 10 cu, mm. mark on the 
pipette, a step-like line was produced on the 
record. The lateral displacement of the line at 
each step represented a record of a volume change 
of 10 cu. mm. by that particular mirror and posi- 
tion on the photographic strip. By opening the 
system and putting the drop back to the starting 
end of the pipette such equal changes in volume 
were recorded with the image from each of the 
three mirrors for the entire width of photographic 
paper. No significant variation in calibration 
factor was found throughout the recording range. 
The setting routinely used gives 1 mm. deflection 
of the filament image for a volume change of 0.18 
cu, mm., and the records are measured to the 
nearest 0.1 mm. The photokymograph used was 
made in our laboratory by Dr. W. H. Gillentine 


to whom I am indebted. The cylindrical lens is 
graduated in millimeters so that the developed 
record is ruled longitudinally in parallel lines 1 
mm. apart as is customary for electrocardio- 
graphic records. These lines are not photo- 
graphed unless illumination is provided for that 
purpose. A small four candle power bulb is ar- 
ranged in a housing alongside the capsule so as 
to provide sufficient light over the entire width of 
bromide paper to produce a shade of gray which 
contrasts with the white parallel lines and the 
black lines due to the filament images reflected 
from the mirrors. 

The quick calibrator. Since the sensitivity of 
the fine recorder varies slightly with the volume 
of the enclosed air space in the apparatus, it is es- 
sential that its response to known volume change 
be determined each time the apparatus is newly 
applied to the study of a finger or whenever there 
is likelihood that volume change in the closed sys- 
tem of disturbing size has occurred. In most in- 
stances the enclosed air space has a volume of 
from 4 to 6 cc,, and there is no striking change 
in calibration until the volume exceeds 10 cc. 
Calibration is accomplished by striking the spring 
handle {B and C 5 in Figure 4) of the quick 
calibrator with the finger so that the screw (A 
and B 3) is rotated as far as stop (C 7) will 
allow when the bending of the handle allows the 
finger to continue its swing releasing the mecha- 
nism and allowing it to return to its original state. 
In this way the bellows is quickly compressed 
giving a diminution in volume, then following a 
brief pause it is quickly returned to its original 
volume. The volume of the sensitive recorder 
capsule is suddenly increased then diminished by 
this procedure and a photographic record of the 
deviations of the filament image reflected from 
the capsule mirror provides the standard unit for 
determining what volume changes are represented 
by pulse complexes recorded by the same capsule. 
The calibration value is adjusted to a desired fig- 
ure by the setting of the screw (7 C) as deter- 
mined by the movement of the alcohol drop when 
the calibration technic is executed slowly. We 
have used routinely a volume change of 5 cu. mm. 

The finger container cup. It is extremely diffi- 
cult to enclose a sharply defined portion of the 
human body in a rigid container so that pressure 
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a. Metal cup: In making the metal cup, 1X6 inches 
standard (tin-coated) collapsible metal barrels (Standard 
Specialty and Tube Company, New Brighton, Pa.), such 
as used for toothpaste tubes, are cut into desired lengths 
and molded over carved wooden positive molds of sizes 
varying so that the internal surface of the cup shall be 
about 2 mm. from the surfaces of the enclosed portion 
of the finger. After shaping the cup, the creases and 
cracks are sealed with cement (DuPont Household 
Cement) . 

b. Diaphragm; The diaphragm is cut into shape out of 
transparent Pyralin sheets (DuPont Viscoloid Co., Ar- 
lington, N. J.), 0.030 inch thick. A 1.5 mm. opening is 
made for the continuation of the bore of the brass tube 
and about a 4 mm. opening is made in the center. The 
latter opening is subsequently enlarged and properly 
shaped to fit the subject’s finger. 

c. Brass tube: The tube, approximately 2 mm. external 
diameter, is made of sheet brass, 0.002 inch thick, with 
a soldered seam. 

d. Cellulose acetate strips, approximately 0.2S inch 
wide and 0.008 inch thick for supporting the cup on the 
finger. 

on, or tugging at the skin sufficient to disturb fill- 
ing of small blood vessels does not occur. The 
terminal portion of the human finger has sharply- 
defined landmarks and lends itself to a high de- 
gree of isolation and the blood supply is rich and 
varies widely under physiological and pathologi- 
cal influences. The cup which encloses the finger 
part should be light in weight and enclose a mini- 
mum air space which conforms exactly to the 
anatomical landmarks. The seal should be air- 
tight and at the same time conform so easily to 
skin surfaces, even though the finger sw'ell or 
shrink after the seal is applied, as to exert no 
disturbing pressure or tugging. The cup shown 
in Figure 5 seems to meet these requirements. I 
am indebted to Dr. G. E. Burch, Jr., who has 


made this unit a satisfactory part of the appa- 
ratus. The construction is explained in the 
legend for Figure 5. Several completely assem- 
bled units of different sizes, needing only shap- 
ing of the hole in the diaphragm to fit the finger, 
were kept available. When a subject presented 
himself for study the proper size cup was chosen 
and the opening in the diaphragm carefully 
shaped so that it fitted the finger loosely at the 
maj'or dorsal and palmar creases at the terminal 
interphalangeal joint when the finger was com- 
fortably flexed. The supports (d) were ad- 
justed so that they rested upon the finger without 
exerting any significant pressure or tugging and 
were stuck in place with rubber cement. The 
junction between the skin and the diaphragm was 
sealed air-tight with a non-constricting, elastic, 
adhesive composition which had been previously 
heated to body temperature. The composition 
consists of two parts of printers’ roller compound 
and one part of a water-soluble, non-irritating, 
lubricating jelly The rubber tubing leading to 
the recording apparatus is fixed to the dorsum of 
the subject’s hand with adhesive tape, some slack 
being allowed between the cup and the adhesive 
tape. The complete finger unit weighs from 2 to 
7 grams and contains about 3.5 cc. of air-space 
around the enclosed portion of the finger. Turn- 
ing the finger gently so as to reverse the direc- 
tion of the force of gravity causes no significant 
volume changes. Sudden movements of the 
fingers do cause quick transitory deflections of the 
fine recorder light beam. Unsatisfactory fea- 
tures of the finger container cup are that the air 
about the finger moves little, becomes heated, and 
soon develops high humidity, and unless the room 
is comfortably cool the sweat collecting in the air 
space may reach, in long experiments, an ap- 
preciable volume. 

SUMMARY 

An apparatus designed particularly for meas- 
uring volume changes due to the state of fullness 
of the blood vessels of a sharply defined portion 
of the human finger is described as to construc- 
tion, mode of operation and working character- 
istics. The apparatus makes a graphic record of 

* K-Y Lubricating Jelly, Johnson and Johnson, Nc-.v 
Brunssvick, N. J. 
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pulse volumes as small as 0.1 cu. mm. and of 
gradual volume changes as great as 1000 cu. mm. 
The pulse recorder which employs an optical cap- 
sule in which stretching of the nibbcr membrane 
is largely avoided shows high sensitivity, low 
moving mass, responds well to volume changes at 
a frequency up to 40 cycles per second and with 
diminished amplitude to 60 cycles per second and 
is well damped. The apparatus and method in- 
terfere with the body part under study to a mini- 
mal extent except through undesirable tempera- 


ture and humidity of the air in contact with the 
skin. 

Acknowledgments, I am indebted to Mr. George 
Johnson who constructed the apparatus and shared in all 
manipulations, and to my associates Drs. W. A. Sode- 
man and G. E. Burch, Jr., for valuable aid of many kinds. 
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STUDIES IN THE PHYSIOLOGY OF BLOOD VESSELS IN MAN. APPARATUS 
AND METHODS. H. A METHOD FOR THE DETERMINATION OF 
THE VOLUME OF THE SOFT TISSUE ABOUT THE 
TERMINAL PHALANX OF THE HUMAN 
FINGER 1 

By W. a. SODEMAN 

{From the Department of Medicine, Tulone University of Louisiana, New Orleans) 

(Received for publication May 4, 1937) 


For quantitative studies in the physiology of 
the peripheral blood vessels of the human which 
are under way in this laboratory the soft tissues 
of the terminal part of the finger have been found 
particularly satisfactory. This communication 
deals with a method for estimating in the living 
human the volume of soft tissues in that portion 
of the finger which, for lack of a better term, we 
call the finger tip. 

The method consists of a determination of the 
total volume of the finger tip, an estimation of 
the bone volume and a calculation of the soft 
tissue volume by difference. The finger nail was 
included in the soft tissue volume. 

The finger tip has been defined, in terms of skin 
markings, as that portion of the finger distal to a 
plane passing through the center of the dorsal and 
palmar skin crease at the distal interphalangeal 
joint. This plane passes through the distal end 
of the second phalanx. 

The total volume of this portion of the finger, 
when held at heart level, was determined by mak- 
ing a cast of the part in dental stone.“ The set- 
ting expansion of the dental stone is only 0.13 
per cent. The mixture, as a free flowing fluid, 
moulded itself about the finger without deform- 
ing pressure and accurately reproduced minute 
details of skin surface. The open end of the 
cast was then ground down to the desired plane 
with a file and emery cloth and overfilled with 
mercury. By pressing a glass plate firmly over 
the open end of the cast the excess mercury was 
forced to escape. The remaining mercury was 
then transferred to a microburette by means of a 
pipette, and measured to one cubic millimeter. 

^ Aided by grants from The David Trautman Schwartz 
Fund, The Josiah Macy, Jr. Foundation, and The Com- 
mittee on Scientific Research of the American Medicat 
Association. 

- The proprietary product Investone was used. 


Repeated determinations of the volume of one 
finger tip over a period of two days with sixteen 
independently made casts gave volumes varying 
from 4.398 to 4.492 cc. Statistical analysis of 
these sixteen trials gave a mean of 4.453 ± 0.005 
cc., a standard deviation of 0.027 and a probable 
error of 0.018. 

To determine bone volume a formula was de- 
rived from data on thirty-three sets of phalanges 
covering the range of sizes seen in our subjects. 
Phalangeal bones of the second, third and fourth 
fingers were mounted upon wooden blocks with 
paraffin to simulate the bony anatomical relation- 
ships in the living subject. A level correspond- 
ing to the plane of the sb'n markings was laid off 
with radiopaque foil and anteroposterior and 
lateral roentgenograms taken at a tube distance 
of six feet. From these plates the areas of the 
segments of the bone shadows desired were ob- 
tained with a planimeter. The joint space was 
included in the measured area. Its borders were 
determined in the anteroposterior view from ana- 
tomical markings clearly shown on the roent- 
genogram. In the lateral view, because of the 
lack of anatomical landmarks, projections of the 
outline of the terminal phalanx to the shadow of 
the second phalanx were used. Lengths of these 
segments were determined to 0.1 mm. by use of a 
caliper, millimeter scale, and lens. By dividing 
lateral area by length a figure termed the “ mean 
thickness ” resulted. Anteroposterior area multi- 
plied by mean thickness resulted in a trial calcu- 
lated volume. 

True volumes of the bones were determined by 
use of dental stone casts in a manner similar to 
that used for total finger volume. In these deter- 
minations, however, split casts were used. The 
thirty-three volumes varied from 0.341 to 1.183 
cc. Percentage differences between the measured 
volumes and the trial calculations were dcter- 
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TOTAL AREA TOTAL ARtA • <x 



bone volume resulted in the following relation- 

a 

sliip: 0.955 X A X — — volume ±1,44 per cent 
L 

where A = XP area, a — lateral area, and L = 
length. 

In applying this formula to the living finger 
one must obtain accurate views of the finger with 
the aid of a support to hold the proximal plane of 
the finger tip parallel to the x-rays. For this 
purpose a metal support or shelf was constructed 
to hold comfortably the partially flexed hand 
with the finger to be x-rayed extending over the 
shelf to free it from deforming pressure and its 
axis perpendicular to the rays six feet from the 
tube. The x-ray film is held in a rigid support 
immediately behind the finger. In lateral views 
taken in this manner the soft tissues are well out- 
lined and the skin creases used to define the limits 
of the finger tip easily identified. A straight line 
connecting the dorsal and palmar crease then de- 
limits the bone segment to be measured. The 
length of this segment may then be determined 
with a dividers and laid off upon the bone seg- 
ment of an AP view obtained in a similar manner. 


Diagram Illustrating the Bone Segments Meas- 
ured IN THE Determination of the Bone Volu.me of 
THE Finger Tip 

mined in each case and these differences analyzed 
statistically. Differences varied from 0.0 per 
cent to 8.6 per cent, the calculations being the 
higher values. Mean difference was 4.50 ± 0,24 
per cent, the probable error 1.44, and the stand- 
ard deviation 2,12 for the frequency distribution. 
Application of these differences to a formula for 


TABLE I 


Representative determinations on five subjects 


Sub- 

ject 


a 

L 

r 

Calcu- 

lated 

bone 

volume 

Deter- 

mined 

total 

volume 

Soft tissue 
volume (Total 
volume minus 
bone volume) 


sq, mm. 

sq, mm. 

mm. 

mrn. 

cc. 

CC, 

CC, 

T 

179,3 

109.6 

22.1 

4.83 

0.827 

5.634 

4.807 

0 

113.5 

79.0 

18.1 

4.36 

0.472 

3.501 

3.029 

J 

165.7 

99.9 

22.6 

4.42 

0.069 

4.667 

3.968 

S 

128.3 

78.7 

18.6 

4.23 

0.518 

4.453 

3.935 

B 

142.5 

90.9 

20.7 

4.39 

0.598 

4.466 

3.868 



STUDIES IN THE PHYSIOLOGY OF BLOOD VESSELS IN MAN. HI. 
SOME EFFECTS OF RAISING AND LOWERING THE ARM UPON 
THE PULSE VOLUME AND BLOOD VOLUME OF THE HU- 
MAN FINGER TIP IN HEALTH AND IN CERTAIN 
DISEASES OF THE BLOOD VESSELS " 

By ROY H. TURNER, GEORGE E. BURCH and WILLIAM A. SODEMAN 

(From the Department of Medicine, Tulane University of Louisiana, and the Charity Hospital 

of Louisiana, New Orleans) 

(Received for publication May 4, 1937) 


This investigation was carried out to throw 
some light upon the immediate responses of nor- 
mal and diseased blood vessels to changes in level 
of the upper extremity. Observations were lim- 
ited to reactions in the finger tip, defined as that 
portion of the finger distal to a plane passing 
through the major dorsal and palmar skin creases 
at the terminal interphalangeal joint. While the 
literature abounds in qualitative studies of this 
nature, quantitative data are rarely encountered. 
Determinations were made on the effect of pas- 
sive elevation and depression of the arm upon the 
volume of pulsations and total blood volume in 
the finger tip of normal subjects and those with 
arteriosclerosis, diastolic hypertension, arterio- 
sclerosis and diastolic hypertension and clubbing 
of the fingers. 

METHODS 

Seventy-eight determinations were made upon 70 sub- 
jects, comprising 33 normal individuals from 12 to 65 
years of age, and 37 abnormal subjects divided as fol- 
lows : 13 with arteriosclerosis, 7 with diastolic hyperten- 
sion, 10 with arteriosclerosis and diastolic hypertension, 
2 with congenital clubbing of the fingers, 3 with acquired 
clubbing of the fingers, one with Raynaud’s phenomenon 
(dead finger), and one with syphilitic aortitis with aortic 
regurgitation. 

To eliminate the influence of menstruation and meno- 
pause, male subjects only were used. Observations were 
made under controlled atmospheric conditions (70° F. in 
winter, 75° F. in summer, relative humidity SO per cent). 
After the subjects had rested in the sitting position for 
30 minutes, metabolic rates were determined by the 
Benedict-Roth method. No dietary restrictions were 
made. Pulse rates and oral temperature were taken and 
subjects with fever eliminated. The sphygmoplethys- 
mograph developed in our laboratory (1) was employed 
for the right index finger. Brachial blood pressure was 

^ Aided by grants from The David Trautman Schwartz 
Fund, The Josiah Macy, Jr. Foundation, and The Com- 
mittee on Scientific Research of the American Medical 
Association. 


.detHrmined with the mercury manometer by the auscul- 
tatory method in the opposite arm. Care was taken to 
eliminate constricting influences upon the circulation, the 
subject, however, being comfortably clothed. 

The subject was seated comfortably in a chair with 
the right forearm resting passively in a position midway 
between pronation and supination upon a support as if 
upon the arm of a chair. The support was so con- 
structed that movement up and down took place about a 
fixed point as a center which coincided with the center 
of movement of the shoulder joint. With motion only 
at the shoulder joint the arm was then raised or lowered 
passively to a finger tip level 45 cm. above or below heart 
level. A continuous record was then made of the pul- 
sations and other volume changes as follows : heart level, 
30 seconds; lowered position, 30 seconds; heart level, 60 
seconds; elevated position, 60 seconds; circulation oc- 
cluded in the elevated position, 30 seconds ; occlusion re- 
leased and heart level, 60 seconds; lowered position, 60 
seconds; and finally heart level, 60 seconds. Sudden oc- 
clusion of the circulation in the elevated position was ac- 
complished suddenly with the use of a blood pressure 
cuff applied to the upper arm and connected to a 12 liter 
reservoir under pressure exceeding the systolic pressure 
of the subject by at least 50 mm. of mercury. At this 
time the part studied reached its minimum volume and 
for the purpose of our calculations the finger tip was as- 
sumed to be bloodless. This is not strictly true. Any 
given volume above this base line was accepted as repre- 
senting the total blood volume of the part at that stage 
of the observation. The volume of the bloodless soft 
tissue was determined by subtracting the total blood vol- 
ume at heart level by a method previously described (2). 
Throughout these procedures efforts were made to keep 
psychic influences at a minimum. The records were 
analyzed for volume of pulsations and total change in 
volume of the finger tip at each level. 

RESULTS 

In all subjects there was a change of pulse vol- 
ume with change in position. The pulse volume 
increased in the elevated position and decreased 
in the lowered position. With few exceptions, 
total blood volume varied in the inverse direction 
to the pulse volume. Table I shows the mean. 


789 



790 


ROY II. TURNRR, GEORGE E. BURCH AND WILLIAM A. SODEMAN 




CHANGES IN BLOOD FLOW OF HUMAN FINGER TIP 


791 


maximum and minimum values for the volume of 
pulsations, blood volume for the whole finger tip 
and as per cent of soft tissue at each level for the 
normal and abnormal groups. 

In 39 obseiA'ations on 33 normal subjects, the 
mean blood volumes at heart level and in the 
elevated and lowered positions were 90.9 ± 6.1, 
57.6 ± 4.4 and 191.6 dz 8.8 cu. mm. respectively. 
The volumes of pulsation were 2.97 ± 0.20, 4.68 
± 0.42 and 1.30 ± 0.08 cu. mm. respectively. In 
subjects with arteriosclerosis without diastolic 
hypertension, the mean volume of pulsation was 
approximately that of the normal, and the mean 
total blood volume was reduced. 

In subjects with diastolic hypertension, the vol- 
ume of pulsations and total blood volume at heart 
level were reduced. In the elevated position the 
total blood volume was approximately that of the 
normal group but the volume of pulsations was 
again reduced. In the lowered position, the total 
blood volume was reduced while the volume of 
pulsation was that of the normal group. The 
range of individual values for the volume of pul- 
sations and total blood volume was greatly lim- 
ited in all positions as compared to the normal 
and arteriosclerotic groups. 

In subjects with arteriosclerosis and diastolic 
hypertension the mean volume of pulsations and 
the total blood volume approximated closely the 
values obtained in subjects with diastolic hyper- 
tension alone. 

In a subject with localized Raynaud’s phe- 
nomenon (dead finger) with marked atrophic 
changes in the left index (affected) finger, dis- 
tinct changes were noted at room temperature as 
compared to the corresponding normal (right 
index) finger. The involved finger showed a re- 
duced total blood volume in all positions out of 
proportion to the reduction in total soft tissue 
volume. The volume of pulsations was slightly 
reduced at heart level and definitely so at the 
elevated and lowered positions. 

In two cases of congenital clubbing of the fin- 
gers, the volume of pulsations was markedly re- 
duced in all positions and was affected negligibly 
by position. The total blood volume was rela- 
tively and absolutely reduced in all positions as 
compared to all other groups. In patients with 
acquired clubbing of the fingers, values more 


nearly approximated normal. However, the vol- 
ume of pulsations in all positions was less than 
in the normal while the total blood volume was 
greater. 

One subject with syphilitic aortitis with aortic 
regurgitation was studied. While blood volume 
in all positions approximated the normal, the vol- 
ume of pulsations was greater than the maximum 
values for the normal group. 

No correlation between the observed values and 
pulse rate, blood pressure (systolic, diastolic or 
pulse pressure) or metabolic rate was found. 

The results for the various groups expressed in 
terms of soft tissue volume indicate that the dif- 
ferences were not due to variations in finger size, 
but to actual changes in relationship of blood to 
tissue volume. 

DISCUSSION 

We have utilized in the interpretation of our 
data on volume change of the finger tip some ob- 
servations with a recording method (3) for meas- 
uring change in light reflection from the skin of 
the finger pad. Its use shows that the finger tip 
reflects more light in the elevated and less in the 
depressed position than at heart level and, fur- 
thermore, furm’shes sphygmograms similar in 
form to the volume sphygmograms. They also 
show similar variation in amplitude with change 
in position. We interpret these observations as 
proof that the pulse ware is manifested by vol- 
ume changes in the vessels which contribute most 
to skin color, and that these vessels are dilated in 
the depressed and narrowed in the elevated posi- 
tion. According to Lewis (4) these vessels are 
principally venules and to a less extent capillaries. 
What is known concerning the distensibility of 
veins indicates that all the veins of the part share 
in this change in caliber. The veins leaving the 
finger tip have an internal pressure of more than 
35 mm. of mercury for the depressed position and 
only slightly above zero for the elevated position. 
We are unable to explain some of our observa- 
tions on any other basis than that increase in total 
blood volume of the finger in the depressed posi- 
tion and diminution in the elevated position were 
due to change in caliber in veins and in spite of 
changes in the opposite direction by the arterial 
vessels. Any other explanation would also pre- 
sume the lack of an adaptive response which func- 
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Fig. 1. Mean Values for Pulse Volume and Total Blood Volume of the Finger Tip at Heart 
Level and at 45 cm. above and below Heart Level for Various Groups of Subjects Studied 


factors involved in the expression of the volume 
pulse of the finger tip into quantitative values in 
spite of the fact that sources of error were ob- 
vious. We have used pulse pressure as repre- 
senting the force producing expansion and as 
being unchanged by position. In our data for 
normal subjects there was no significant correla- 
tion between pulse pressure and pulse volume. 
Even in one subject, from day to day, pulse pres- 
sure and pulse volume varied in such a way as to 
show that they had no constant relationship. At 
least one other important variable seemed to be 
present. The ratio of pulse pressure to pulse vol- 
ume gives a number which is useful in appreciat- 
ing the magnitude of influences other than pulse 
pressure responsible for pulse volume. The vol- 
ume response to a given pressure change would 
be modified by the number, size, length and dis- 
tensibility of the vessels and other factors which 
would modify friction to blood flow. Changes in 
both size and tone of vessels most concerned with 
regulating pulse volume tend to give a larger vol- 
ume change to a given pressure change, when the 
change is in the direction of less friction and vice 
versa. According to this mode of analysis, tone 
and friction are both great when the finger tip 
expands little in response to a given pulse pres- 
sure, and tone and friction are both low when it 
expands much to the same pressure. The greatest 
source of error probably lies in the use of pulse 


pressure as measured in the brachial artery and 
not in the arteries entering ' the finger tip. It 
seems likely that the pulse pressure in the finger 
tip arteries is so related to that in the brachial 
artery as to warrant the use of the latter in pre- 
liminary analyses based on this ratio. The factors 
modifying the transmission of the pressure pulse 
wave in larger arteries, such as the radial, are the 
same for the small vessels of the finger tip dis- 
cussed above. Pulse pressure may diminish, that 
is the pulse wave may be smoothed as it passes 
along an artery, by either of two mechanisms in- 
volving opposite conditions, great increase in dis- 
tensibility or a great increase in friction. We 
have observed (7) in normal arteries changes in 
pulse wave velocity when the hand was changed 
from heart level to the depressed and elevated 
positions indicative of increased tone of the arter- 
ies of the arm in the depressed position and 
diminished tone for the elevated position. Unless 
these changes were extreme, that is producing 
marked change in friction, and the changes in 
pulse wave velocity were not extreme, the influ- 
ence of changed tone would be toward increased 
pulse pressure entering the depressed finger tip 
and diminished pulse pressure entering the ele- 
vated finger tip. In small, rigid, calcareous radial 
arteries the friction factor would probably pre- 
dominate rather than loss in elasticity, the result 
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Fig. 2. Ratios for Normal Adult Subjects 
Each line connects points which represent a ratio for each of three levels and 
based on one observation for a normal adult subject. The heavy line represents 
mean values for ratios. 



Fig. 3. Ratios Based on Repeated Observations on Different Days for the 
Same Normal Adult Subject 


Line 2 represents ratios based on 35 measurements of pulse volume at one 
sitting and seven levels of the finger tip: at heart level and at 15, 30 and -IS cm. 
above and below heart level. Observations were made nine times at heart level 
six times each at the 15 and 30 cm. levels and three times at the extreme positions. 
Ratio for each level is based on mean of all measurements of pulse volume at 
that level. 
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Fig. 4. Ratios for Patients with Diastolic Hypertension 

Circles represent data for patients who also showed arteriosclerosis. The heavy line indicates 
mean values. 


i 

o 



Fig. 5. Ratios for Miscellaneous Cases 

(1) acquired clubbing of fingers; (2) arteriosclerosis; (3 and 4) dead finger of Raynaud's phenomenon; (S) 
arteriosclerosis and mild systolic hypertension; (6) anxiety neurosis; (7) clubbing of fingers of doubtful etiol- 
ogy; (8) extreme arteriosclerosis of arm vessels with atrophy of finger tip; (9) arteriosclerosis; (10) hyperten- 
sion and congenital clubbing of fingers; (11) extreme arteriosclerosis; (12) congenital clubbing of fingers. 
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being a greatly diminished pulse pressure in the 
finger tip arteries. 

In the graph in Figure 2 are represented the 
values for the ratio of pulse pressure to pulse 
volume for the three levels of the finger tip for 
the normal adult subjects, and in Figure 3 is 
shown the analysis of repeated studies made on 
one normal subject, each on a different day. Scat- 
ter is a notable feature which may be due in part 
to the fact that our subjects were not studied in 
a basal state, and in part to psychic factors. The 
graph indicates that tone and friction usually in- 
creased more when the change was made from 
heart level to the depressed position than they 
diminished when the change was made from heart 
level to the elevated position. If the graphs had 
been constructed so that ordinates represented 
changes in venous pressure, only, this difference 
would be largely pbviated. This would seem to 
indicate the importance of venous pressure in the 
adaptive mechanisms with change in position. In 
the graph in Figure 4 are shown comparable data 
for patients with hypertension. In these patients 
the finger tip tended to expand less per unit of 
pulse pressure than for normal subjects. The 
calculation of ratios for most of our patients with 
arteriosclerosis without hypertension gave values 
within the range of our norrnal subjects. This is 
not surprising in view of the irregular distribu- 
tion of arteriosclerosis. In Figure 5 are plotted 
ratios of pulse-pressure : pulse-volume for inter- 
esting cases of miscellaneous nature. One ob- 
servation of a normal adolescent subject gave ra- 
tios of pulse pressure : pulse volume as high as 
for any of our patients with vascular disease. 

Criteria employed in the selection of subjects 
with arteriosclerosis were purely clinical. All 
such patients showed marked thickness of both 
radial and brachial arteries. Variations in the 
distribution of the sclerotic process from one 
portion of the body to another together with the 
fact that clinical evidence of disease was not in 
the part studied make it impossible to estimate 
the extent of the process in the finger tip. Atro- 
phy of the vascular bed which is a part of the 
pathological process in arteriosclerosis probably 
explains the reduction in the total blood volume 
observed in these subjects. 

In the group with diastolic hypertension only 


those patients with a diastolic pressure of at least 
120 mm. of mercury on more than one occasion 
were studied. According to data shown in Table 
I, there is a striking difference between the vol- 
ume increase in the finger tip with depression be- 
tween normal subjects and patients with diastolic 
hypertension. This difference has become less 
marked since observations on additional patients 
have been included in the analysis. For 40 ob- 
servations on 33 normal subjects the mean in- 
crease in total volume with depression was 111 
per cent. For 25 patients with hypertension, 9 
with arteriosclerosis also, the mean increase in 
volume was 71 per cent. These differences are 
in accord with the views of Fishberg (8) that 
arteriolar constriction is accompanied by varying 
degrees of capillary and venular constriction. 
However, this diminished distensibility of venous 
vessels may be due to either anatomical or physi- 
ological peculiarity, or to both. No differences 
were noted between the values for total blood vol- 
ume and pulse volume in patients falling into the 
groups of red and pale hypertension of Volhard. 
Volhard considers pale hypertension the result of 
universal vasoconstriction and red hypertension 
the result of “ diminution of the dilatability of the 
large and small arteries resulting from presenile 
loss of muscular elements with substitution of 
elastic and collagenous tissue ” (8). 

In view of the results obtained in subjects with 
arteriosclerosis alone and diastolic hypertension 
alone, the fact that subjects with both processes 
approach more closely those with diastolic hyper- 
tension is not surprising. 

The results obtained in the subject with Ray- 
naud’s phenomenon are explained by the relative 
reduction in the vascular bed. 

The distinctly different results obtained in sub- 
jects with congenital clubbing and those with ac- 
quired clubbing of the fingers leads one to the pos- 
sibility that the underlying mechanisms in both 
types are different, although the duration of the 
condition may explain the differences. There is 
no agreement as to the microscopic pathology 
underlying clubbing of the fingers (9). No bony 
changes were noted in our cases to explain these 
findings and we are at present unable to account 
for them. While our evidence is not sufficient to 
postulate two distinct types of clubbing of the 
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fingers, the differences were striking. Further in- 
vestigations to throw light upon this question are 
now in progress. Volume of blood in a given tis- 
sue at a given moment is of less physiological im- 
portance than is the volume of blood which passes 
through the tissue in a given period of time. Esti- 
mations of flow through the finger tip may be 
made with the same apparatus \vc have employed 
in this study by observing the volume change 
which follows upon sudden venous obstruction. 
We are at present engaged in making such studies. 

SUMMARY 

Changes in total blood volume and pulse volume 
of the finger tip due to elevation and depression 
45 cm. from heart level for a group of males in- 
cluding normal subjects and patients suffering 
from various vascular abnormalities are reported 
and discussed. 

Pulse volume increased with elevation and de- 
creased with depression of the finger tip and total 
volume changed in the opposite direction. The 
adaptive mechanisms are discussed in terms of 
behavior of various vessel groups. 

The influence of position upon pulse volume is 
ascribed to change in distensibility of both arterial 
and venous vessels and to changes in frictional 
resistance to blood flow and consequent changes 
in smoothing effect on the pulse wave which are 
predominantly arterial. 


Observations in patients with arteriosclerosis, 
Raynaud's phenomenon, congenital and acquired 
clubbing of fingers and one patient with luetic 
aortic regurgitation are discussed. 
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The possession of a technique which permitted 
rapid estimations of cardiac output and which, 
demanding no intelligent cooperation, seemed 
especially suitable for use on ward patients, has 
permitted an extensive study on the action of 
common drugs on the heart and circulation in clin- 
ical conditions. This study contains about 450 
estimations of cardiac output performed on 85 
patients. 

Coincidentally with these estimations the action 
of drugs on pulse rate, on blood pressure, on 
respiratory rate and volume, and on metabolic rate 
was observed. Orthodiagrams and electrocardio- 
grams were secured also. Therefore, certain 
parts of our study dealt with effects already 
well known. 

The results of such estimations have permitted 
the calculation of heart work, of peripheral re- 
sistance, of arteriovenous oxygen difference, and 
of the ratio of heart work to heart size, the latter 
a factor of decisive importance in our conception 
of cardiac stimulation and depression. There- 
fore our study demonstrates the effect of drugs on 
these functions also. 

Most of the drugs selected are commonly used 
in cases of cardiac and circulatory disease. We 
have studied the actions of digitalis, epinephrine, 
ephedrine, caffeine, theophylline, carbaminoylcho- 
line, sodium nitrite, nitroglycerine, pitressin, quin- 
idine, morphine and strychnine. We have studied 
the effects of drugs in those clinical conditions in 
which physicians are accustomed to employ them. 
But when suitable cases were not available the ef- 
fects were studied in other conditions. 

Almost without exception our results support 
the general conceptions of drug action derived 
from animal experiments. 


PROCEDURE 

All estimations were performed in the morning. The 
patients received no food after their evening meal and no 
water after midnight. They were taken from the ward 
in bed or in a wheel chair. An electrocardiogram and 
an orthodiagram were obtained first. Then' the subjects 
lay down for at least 45 minutes. Duplicate estimations 
of cardiac output and metabolism were then made, to- 
gether with repeated determinations of pulse rate, blood 
pressure, respiratory rate and volume. 

If the study concerned a rapidly acting drug, this was 
administered soon after the control estimations. The pa- 
tient was watched until evidence of the drug’s action be- 
came manifest objectively. Duplicate estimations of car- 
diac output and metabolism were then made, the purpose 
being to make these determinations at the height of ac- 
tion. Orthodiagrams and electrocardiograms were se- 
cured immediately afterward. 

Cardiac output was estimated by the method of Starr 
and Gamble (1), the analyses being performed by the 
katharometer method of Donal, Gamble and Shaw (2). 
Metabolism was estimated from samples of expired air 
drawn from a mixing bottle containing a fan. 

Respiratory volume was obtained by reading the spi- 
rometer at frequent intervals. Respiratory rate was 
counted repeatedly during the period of observations. It 
is well known that subjects breathing from a spirometer 
under 3 mm. H.O negative pressure, and through valves, 
tend to breathe somewhat deeper and more slowly than 
under normal conditions. 

The left ventricular work was calculated as described 
before (3). The peripheral resistance was calculated 
from the formula used by Bazett et al. (4). 

The volume of the heart was estimated from Kahl- 
storf’s formula (5). 

The analyses concerned with estimating cardiac out- 
put were performed by Donal, those concerned with 
metabolism by Joseph, Donal or Eagle. The orthodia- 
grams were made by Margolies. Starr selected the pa- 
tients from the wards and decided on the drug and dosage 
suitable for them. Gamble or Starr administered the 
drugs and, with Joseph, made clinical observations. The 
statistical analysis was carried out by Starr and Joseph 
with the assistance of Dr. H. A. Schroeder. 
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We arc indebted to Dr. L. H, Collins for clinical help 
in the spring of 1934, to many of the staff and Interns 
of the University Hospital for assistance in securing pa- 
tients and in adopting the therapy employed to assist this 
study, and especially to our many patients who so will- 
ingly cooperated. 

ConchisioHS from results obtained by cardiac 
output methods 

Before the results can be discussed with profit 
certain conceptions fundamental to our viewpoint 
must be set forth. The first concerns our method 
of drawing conclusions from our results. A sec- 
ond group has to do with basic conceptions of 
cardiac physiology in relation to which our results 
will be presented. Our approach to this problem 
differs from that of certain other workers in this 
field and this difference must be discussed in de- 
tail. 

Grollman (6) describes his method as accurate 
to 10 per cent, i.e. changes of less than this 
amount might be accounted for by errors inherent 
in technique and analysis. This conception is sup- 
ported chiefly by a long series of estimations made 
on a normal subject who gave results varying 
within this limit. That changes of less than 10 
per cent are not significant is thus rendered prob- 
able, but one should not conclude that ail changes 
greater than 10 per cent are significant. To give 
a patient a drug and to attribute to its action any 
change of cardiac output of over 10 per cent 
would be highly hazardous. Duplicate estima- 
tions of cardiac output by the acetylene method 
differ by far more than 10 per cent in many pa- 
tients, Our method shows similar variations. 
Standards derived from the best subjects under 
ideal conditions cannot be used with safety to 
estimate the significance of differences in clinical 
work. It is not sufficient to estimate variability 
due to errors inherent in the method. There is a 
large variability inherent in subjects, who may 
change their cardiac outputs due to apprehension 
and excitement, or induce irregular errors due to 
poor cooperation. Unless this type of error is 
considered the conclusions drawn may be highly 
erroneous. 

We have, therefore, employed statistical proce- 
dures to estimate the significance of our differ- 
ences, The method is not a perfect one for our 
purpose, but it provides the best criterion for the 


significance of quantitative data. A detailed dis- 
cussion of the means employed follows. 

In order to estimate the significance of average 
results obtained on a number of patients given a 
single drug we have followed exactly the proce- 
dure given by Fisher (7, page 104) and made use 
of his Table IV, to obtain the probabilities. We 
have defined significance in the customary man- 
ner, i.e, a probability larger than 95 in 100 that 
the result obtained was not due to chance. But 
we wish to point out that this definition is arbi- 
trary and probably too rigid for clinical work in 
which physicians constantly are being forced to 
make important decisions based on data whose 
probability of error is enormously greater than 
5 in 100. Therefore when, after the administra- 
tion of certain drugs, we have not demonstrated 
changes of sufficient magnitude and constancy to 
merit the term significant, we do not imply that 
these smaller changes should be neglected. They 
often represent a better picture of the drug's 
action in clinical conditions than was available be- 
fore, although not as perfect as one would like. 
When data become more ample the significance of 
the smaller changes may be established. 

Since no two patients are identical, the question 
might be raised whether it was proper to draw 
conclusions from an average of the results ob- 
tained. The answer is that we are doing the best 
we can with the data at our disposal. In the fu- 
ture when series of more similar conditions and 
dosages are available, more accurate conclusions 
can be drawn concerning the action of drugs un- 
der special circumstances. 

Something must be said concerning our ideas 
of the conclusions which should be drawn from 
the results obtained from one or two estimations 
of cardiac output, made on one patient before and 
after the administration of a drug or other agent. 
The discussion which follows probably applies to 
results obtained by Grollman’s acetylene method 
also, for the variation of duplicate estimations 
found by Nylin (8) on patients by this method 
agrees closely with that we obtain on patients by 
our method. 

Single estimations, before and after the admin- 
istration of a drug, give one no knowledge of the 
spontaneous variability inherent in method and 
subject, and this makes accurate conclusions im- 
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possible unless other data on variability are avail- 
able. 

Duplicate estimations, before and after, provide 
one with a very imperfect measure of the in- 
herent variability, and the data can be handled 
statistically. They may be considered as two ex- 
periments and handled, as we have handled the 
larger series, according to Fisher (7, Section 24) . 
A very steady subject will have to be used or a 
very large change found before significance can 
be attained. 

However, long experience with a method per- 
mits one to set up other criteria. We have pro- 
ceeded as follows. A sample was taken consisting 
of the last 65 pairs of duplicate estimations made 
on patients in this investigation. The standard 
deviation computed from the deviation of each of 
the duplicates about the mean of each pair was 
%-ind to be 5.6 per cent. 

An example will make our procedure clear. Below we 
calculate a testing standard deviation from two pairs of 
duplicates in the same manner as was employed for the 65 
pairs. 


Patiesta 

Duplicate 

cardiac 

outputs 

; Mean of 

1 duplicates 

Deviation 
from mean 

! 

Deviation from 
mean of devia- 
tions squared 


Wers per 



per cent 



minute 





A 

3.0, 3.2 

3.1 

+3.2 

10.2 





-3.2 

10.2 

B 

4.0. 4.6 

4.3 

+7.0 

49.0 





-7.0 

49.0 



mean of de' 

viations = 0 

2118.4 




1118.4 . . 1 





4 

• = 5.% per cent | 



If one has duplicate estimations before and after the 
condition inducing change: standard deviation of difference 



If one has only one observation before and after: stan- 
dard deviation of difference between individual estimates 



Estimates of the probabilities for any difference may be 
obtained from Fisher’s Table (7, p. 139). In actual 
practice it is more convenient to think in terms of differ- 
ences between the results of two estimates, expressed in 
percentage of their mean, than in the deviations from their 
means. The first is, of course, twice the second. In the 
t^t the conclusions have been expressed in terms of 
differences. 

At the suggestion of Dr. J. H. Austin this 
standard deviation, 5.6 per cent, was checked by 
an estimation from the median divided by 0.955, 


a figure derived from Pearson (9), which gave 
an identical value. We propose to use this figure, 
5.6 per cent, as a testing standard deviation, a 
measure of the variability to be expected in the 
method applied to an average subject. 

Employing this figure we find that when we 
have made one estimation before and one after 
the agent inducing change, differences between 
the results of 32, 30, 25, 20 and 10 per cent of 
their mean have probabilities of 95, 94, 88, 60 and 
45 to 100 that they are not due to chance. Dif- 
ferences of over 32 per cent are significant. 

If one has results of duplicate estimations be- 
fore and after the agent studied, differences be- 
tween the means of each pair of 22.4, 20, 15, 10 
and 5 per cent have probabilities of 95, 92, 82, 63 
and 45 to 100 that they are not due to chance. In 
this case differences of over 23 per cent are sig- 
nificant. ' 

Obviously, when estimations are made on the 
same patient under the same conditions but on 
different days, the inherent variation is likely to 
be larger than in duplicate estimations on the 
same day. In order to make a basis for inter- 
pretation of prolonged experiments with drugs we 
have estimated the variability of the average of 
duplicate determinations obtained on one day 
with the same value found on a subsequent day. 
Discarding the trained subjects and also those pa- 
tients whose clinical conditions had changed ma- 
terially between the observations, the needed data 
were available on 18 patients, and the standard 
deviation was 7.7 per cent. Therefore, if the 
difference between the means of duplicate esti- 
mations was 30, 20 or 10 per cent the probabili- 
ties would be 92, 75, and 44 in 100 that the dif- 
ference was not due to chance. Differences of 
over 35 per cent are significant. 

This use of a testing standard deviation has 
disadvantages which should be obvious; for ex- 
ample, some subjects, as cases of hyperthyroid- 
ism, are notoriously unstable, undergoing far 
larger fluctuations in cardiac output than the 
average subject. To use our testing standard 
deviation in such a case would be hazardous. 
Excessive divergence of duplicate estimates would 
aid in identifying some such cases but there is 
no way to protect oneself against the occasional 
error. We are cliiefly concerned with recording 
the exact method by which we draw conclusions 
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from our data. Then, if improvement in this 
method occurs to us or to others, correction of 
our conclusions will be easy. For this reason 
we have not increased our testing standard devia- 
tion by adding multiples of its standard error as 
is the practice of some statisticians in somewhat 
similar situations. 

Cardiac stimulation and depression 

In recent years drugs have been classified as 
cardiac stimulants or depressants when they in- 
creased or diminished contractility of cardiac 
muscle, as measured by levers attached in ani- 
mal experiments. Soon after techniques for 
measurement of cardiac output were available, it 
became evident that the administration of these 
drugs was not always followed by a change in 
cardiac output in the direction which their action 
on pi'eparations of cardiac muscle had led one to 
expect. In our opinion, results obtained by the 
two types of experiments can be reconciled if cer- 
tain well known facts of circulatory physiology 
are kept in mind. 

Most drugs which affect the heart act else- 
where on the circulation also and changes in the 
latter may cause secondary changes in cardiac be- 
havior. Before a drug can be spoken of as 
stimulant or depressant to cardiac function the 
nature of the secondary changes must be care- 
fully considered. 

It seems obvious that the cardiac output is not 
dependent on the heart alone and that it should 
not be used as a test of cardiac capacity (10). 
The normal behavior of the heart, when its in- 
flow and the resistance against which it works 
are changed, has been described by Starling (11) 
as follows : the work per beat of the normal heart 
is related to its size. This “ Law of the Heart ” 
also holds for clinical conditions, as closely as the 
relation between basal metabolic rate and body 
surface, and more closely than any similar rela- 
tionship studied (12). From it has been derived 
a satisfactory definition of cardiac stimulation and 
depression. A heart is stimulated when its work 
per beat, in proportion to its diastolic size, in- 
creases. It is depressed when the reverse occurs 
(13). When one applies this definition to the 
drugs that we have studied the supposed dis- 


crepancies between the results obtained on man 
and in animal experiments largely disappear. 

Therefore, we have estimated cardiac stimula- 
tion and depression by plotting our results in dia- 
grams (Figures 1 and 2) showing the normal 
relationship between left ventricular work per beat 
and heart volume, derived from formula 2, Table 
V, of a previous paper (12). If the values are 
changed by the administration of drugs so that 
the point representing them moves upward or to 
the left we conclude that stimulation has oc- 
curred, for the heart’s work in proportion to its 
size has increased. Movement to the right or 
down indicates cardiac depression. Movement 
parallel to the line AB defines neither stimulation 
nor depression but represents the response a nor- 
mal heart would make to changes elsewhere in the 
circulation, such as diminished venous return, in- 
creased arterial pressure, etc. 

Difficulties in the clinical study of cardiac work 
are obvious. Only the work of the left ventricle 
can be estimated. There is some evidence from 
animal experiments that the work of the right 
ventricle is proportional to that of the left, but 
this could not be expected to hold in certain clini- 
cal conditions. Fortunately, the right ventricle’s 
work is only a fraction of that of the left so that 
large percentage changes in right ventricular 
work would make but a small percentage change 
in the total cardiac work. There being no known 
method of estimating in the clinic the blood pres- 
sure in the pulmonary artery we have ignored the 
work contributed by the right ventricle in our 
calculations, although we are fully conscious of 
the errors which may be involved in certain in- 
stances such as mitral stenosis. 

Bay (15) has suggested an ingenious method 
for estimating the amount regurgitated in aortic 
insufficiency. This gives accurate results on his 
schema, but it is not intended for use in the clinic. 
However, he has recalculated the left ventricles 
work in three of our published cases and con- 
cludes that our estimate is far too small. Bay 
points out that, before his formula would yield 
an accurate result, the following conditions would 
have to obtain: (1) the usual blood flow to the 
tissues must be maintained, (2) the peripheral 
resistance must be unaltered, (3) elasticity must 
be normal. But there is evidence that peripheral 
resistance is reduced in aortic regurgitation (ld)» 



ACTION OF DRUGS UPON THE HEART AND CIRCULATION 


803 



Fig. 1. Evidence of Cardiac Stimulation or Depression by Drug Action — Average Results 
The solid lines AB are the calculated best line for persons without heart disease. The outlying dot- 
ted lines have been placed at twice the standard deviation from AB and define the normal zone, as in Fig- 
ure 3 (12). According to our definition movement of points at right angles to AB, upwards and to 
the left, indicates cardiac stimulation, the reverse movement depression. The circles indicate the po- 
sition of average values before drug administration, the solid dots are average values on the same pa- 
tients during drug action. 

Ordinates in grammeters per beat. Abscissae in cm’. The graphs are not absolutely identical with 
Figures 3, 4 and 5 (12) because a different method of calculating heart volume was used. 


that distensibility decreases with age and in dis- 
ease (17), and that normal blood flow is not al- 
ways maintained (12). We also question the as- 
sumption that blood flow varies as the square 
root of the pressure applied, a condition well 
known to occur in hydraulics, and which doubtless 
holds for Bay’s schema, but apparently not for 
the circulation (18). The expected deviation of 
most of these items from the basic assumptions of 
the formula would make the actual aortic leak far 
smaller than that calculated by Bay. The diffi- 
culties involved can be illustrated by pointing out 


that the formula as it stands will calculate the 
amount of “ aortic leak ” when applied to data 
from any case with a large pulse pressure, quite 
irrespective of evidence of the presence of aortic 
regurgitation. For these reasons we have not 
changed our method of calculating work in the 
cases of aortic regurgitation in this series. 
gladly admit, as Bay points out, that each result 
is too small by the amount of the leak and ;vel- 
come Bay’s study as the first attempt to improve 
the estimation. Complete data have always been 
given in our tables to permit any one interested 
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Fjc, 2. Evidence of Cardiac Stimulation by Digitalis. Results in Individual Cases 
Coordinates and lines as in Figure 1. Empty symbols indicate values in cases who had received no digitalis 
for 2 weeks or longer. Dots indicate values obtained during full digitalis action. Symbols half filled indicate 
the intermediate state, e.g. values obtained after half doses of digitalis, or in patients, previously exhibiting full 
action, who received no digitalis for one week. Case numbers correspond to data in Table III. 


to recalculate the work according to newer and 
better methods as they become available. Being 
concerned with changes, the absolute values are 
of minor importance in this study. 

RESULTS 

The diagnoses, dosages, and other clinical data, 
together with the results on each case, have been 
assembled in Tables II and III at the end of the 
paper. The figures given for metabolic rate are 
averages of duplicate estimations, those for pulse 
rate, respiration, and blood pressure are averages 
of more numerous results. 

The results of the statistical analyses have been 
summai'ized in Table I also at the end of the 
paper. The probabilities are given as the next 
higher figure in Fisher’s table, e.g.; 0.209 is re- 
corded as 0.3 etc. 


In Figure 3 the results have been presented in 
a graphic form which has been found useful for 
teaching medical students. 

Digitalis 

Every patient given this drug had severe car- 
diac disease; some had recently recovered from 
congestive failure, others were considered threat- 
'®^ened with it, but none had constant rales at the 
lung bases or the other classic signs of this con- 
dition when our tests were made. 

As several days must elapse before the effects 
of digitalis can be secured in the clinic, and about 
two weeks pass before such effects disappear after 
discontinuing the drug, the investigator is faced 
with the problem whether changes detected are 
due to action of the drug, or to changes in the pa- 
tient’s condition, either spontaneous or induced 
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TABLE I 

Slatistics on the effect of drugs on heart, circulation, respiration and metabolic rate * 


Drug and tematka 

Num- 
ber of 
cases 

Aver- 

ago 

dose 

Pulse 

rate 

Blood pressure 

Cattliac 

output 

Stroke 

volume 

Left 

ventric- 

ular 

work per 
minuto 

Loft 

ventric- 

ular 

work per 
beat 

Heart 

volume 

Mcla- 

holic 

rate 

Arterio- 

venous 

Oj 

difference 

Respiration 

Periph- 

eral 

resist- 

ance 

Systolic 

Dias- 

tolic 

Rate 

Volume 

Digitalb (in auricular 

■■ 















fibrillation) 


Full 

-33.0 

-b 7.0 

— 12.2 

-b 1.3 1 

+50.5 

- 4.1 

+45.0 

-1.7 

- 3.5 

+ 0.7 

+ 1.8 

—15.9 

— L3 



1 

1 

0.0/ 

OJ 

O.OJ 

t.O 

O.OS 

O.S 

0.1 

0.5 

0.7 

1.0 

0.3 

0.01 

1.0 

Same, 3 bcatcasca 

H 

Full 

-37.1 

-bl5.2 

-10.5 

-blO.3 

+09.2 

+ 0.9 

+03.0 

-0.4 

+ 4.9 

+ 4.0 

+ 2.9 

-14.1 

- 3.3 


wm 


o.os 

OJ 

OJ 

0.3 j 

0.1 

0.8 

0.05 

1.0 

0.7 

0.9 

0.8 

OJ 

0.9 

Digitalia (in normal rhythm). . 


Full 

-b 0.2 

+ 2.8 

-lO.t 

-b2S.2 

+30.0 

+27.9 

+28.1 

-8.0 

+ 0.3 

-20.5 

- 3.3 

+ 2.1 

-22.9 


wm 


1.0 

O.S 1 

0.4 

0.01 

0.05 

0.S 

0.1 

OJ 

1.0 

0.01 

0+ 

OJ) 

0.01 

Digitalia (in normal rhythm). . 


One- 

- 7.9 

- 1.0 

- 4.3 

— 2.2 

+ 7.0 

- 4.1 

+ 1.3 

-9.5 

+ 0.9 

+ 2.4 

- 0.1 

- 4.8 

+ 2.7 



half 

0.01 

0.0 

0.4 

O.T 

0.5 

0.8 

0.8 

0.3 

0.9 

0.7 

1.0 

0.5 

0.8 

Epinepbriuo 

0 


-1-21.0 

-b 4.3 

-14.5 

-b51.7 

+22.7 

+52.4 

+20.2 

-4.0 

+30.4 

-13.3 

+26.0 

+42.0 

-35.1 




0.01 

0.3 

0.01 

0.01 

0.03 

0.01 1 

0.05 

OJ 

0.01 

0.05 i 

0,05 

0.01 

0.01 

Ephedriuo 

D 

53 

+ 9.7 

-bM.8 

-b 5.2 

-b27.0 

+15.7 

+41.2 

+32.7 

-1.0 

+14.2 

- 8.6 

+ 9.2 

+19.4 

-12.9 


H 

mgm. 

0.01 1 

0.01 

OJ 

0.5 

OJ 

0.01 

0.05 

0.8 

0.1 

0.1 

0.3 

0.01 

0.01 

Caffeine 


0.5 

- 2.4 

- 4.0 i 

- 3.8 

-bl4.8 

+19.1 

+ 9.3 

+13.3 

-0.8 

+ 0.9 

- 6.1 

- 4.1 

+12.0 

-14.3 


■1 

gram 

o.a 

O.l 

0.1 

0.S 

0.4 

0.5 

0+ 

0.5 

0.7 

0.8 

04 

0.8 

0.5 

Theophylline 


o.ts 

- 1.7 

+ 0.8 

-b 7.0 

-b23.8 

+29.4 

+35.4 

+38.0 

-0.3 

:+ 7.8 

-12.4 

+ 2,7 

+23.8 

-18.9 



gram , 

o.e 

OJ 

0.1 

0.01 

0.01 

0.01 

0.01 

0.9 

OJ 

0.1 

0.7 

OJ 

0.05 

Catbaminoylcholino 

a 

0.5 

-b 7.0 

- 0.5 

- 7.2 

-bI2.3 

+ 3.7 

+ 4.9 

- 2.6 

-2.0 

+ 3.5 

— 5.5 

- OJ 

+ 5.6 

-16.6 



zngm. 

O.Ol 

0.01 

0.01 

0.1 

1 0.0 

0.S 

0.7 

0.5 

0.4 

0.0 

1.0 

0.01 

0.01 

Soifium mtnte 

D 

0.13 ' 

- o.a 

-13.8 

-11.5 

-b3.4 * 

+ 5.0 

- 8.5 

- 8.3 

1 -0.1 

+ .5.0 

4.9 

- 4.6 

+ 1.0 

-15.4 


H 

gram 

1.0 

0.01 

0.01 

0.8 

0.7 

0.3 

0.4 

1.0 

0.1 

0.8 

0.3 

0.8 

0.05 

Pitreaain 


20 

- 3.7 

- 3.0 


- 1.8 

+ 2.0 

- 4.5 

- 1.0 

-1.4 

+ 3.3 

+ 8.7 

- 0.5 

+ 3.9 

- 1.2 



units 

0.1 

OJ 

1.0 

OJ) 

0.8 

0.0 

0.9 

0.0 

0.5 

0.3 

1.0 

0.0 

1.0 

Quinldinc 

8 

U 

+ 7.7 

- 1.4 

■b 1.2 

- 3.0 

- 9.5 

- 4.3 

-10.9 

-0.7 

- 3.3 

+ 0.1 

+ 5.7 

+ 5.8 

+ 3.7 



grama 

0.05 

0.0 

0.7 


0.05 

0.5 

O.OS 

0.05 

0.3 

1.0 

04 

OJ 

0.6 

Morphine (cardiacs) 

8 

19 

- 1.7 

- 2.7 

- 2,5 

- 7.3 

- 5.3 

- 9.7 

- 8.0 


- 2.3 

+ 7.5 

-10.0 

-10.4 

+ 7.0 


1 

mgm. 

o.a 

0.4 

O.t 

OJ 

0.4 

0.1 

0.3 


0.5 

0.4 

0.1 

0.01 

OJ 

Morphine (non^iardiacs) 

8 

14 

- 4.9 

- 0.1 

-b 1.0 

- 1-1 

+ 4.0 

- 0.7 

+ 4.3 



+ 0.4 

+ 4.0 

- 7.7 

- 6.4 

+ 3,6 



mgm. 

0.1 

1.0 

0.8 

0.0 

0.8 

1.0 

0.6 

— 

1 

0.7 

0.05 

OJ 

O.S 

Strychnine 

7 

1.8 

- 2.6 

- 0.2 

-b 0.6 

- 9.0 

- 5.0 

-10.8 

- 9.7 

-0.3 

- 1.6 

+11.5 

+ 1.8 

+ 3.8 

+11.9 



mgm. 

0.4 

1.0 

0.3 

■I 

0.3 

0.1 

0.05 

OJ 

O.S 

0.1 

0.8 

0.7 

0.1 


* Mean percentage changes induced by drug action in Roman type 
Probabilities of significance of the means, for P ~ 1, in italics 


In two cases, first given “ half,” then “ full ” 
dosage, the pulse rate first diminished and then 
returned to its previous level. It is interesting to 
recall that repeated doses of digitalis, given in 
acute animal experiments, often cause a primary- 
slowing followed by an increase of heart rate 
( 22 ). 

Effect of atropine on cases receiving digitalis 

In two cardiac cases, Numbers 288 and 306, we 
estimated the effects of a subcutaneous dose of 
atropine on patients having an abnormally slow 
heart rate under digitalis. Case 288, with auricu- 
lar fibrillation, was given 0.6 mgm. atropine. The 
pulse rate increased 19 per cent, the heart size 
diminished slightly and the metabolic rate in- 
creased a little. The cardiac output was un- 
changed (Table II). 


Case 306 in normal rhythm received 1.2 mgm. 
of atropine. A marked increase of pulse rate fol- 
lowed but the cardiac output diminished signifi- 
cantly. Pulse pressure diminished in both cases 
leaving mean blood pressure essentially un- 
changed. 

Obviously the striking effect of atropine is on 
the pulse rate, the other changes were not con- 
stant. 

The effect of coupled beats 

Purely by accident, we obtained, after Case 
260 had received a large dose of digitalis, one set 
of estimations while coupled beats had supplanted 
normal rhythm. A few minutes later normal 
rhythm returned and a similar set of observa- 
tions was secured. Our confidence in the validity 
of the differences in cardiac output found is en- 
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hanced by the fact that we always obtained ex- 
cellent agreement of duplicate estimations in this 
patient. 

During the period of coupling, the pulse rate 
was but little faster than in the following normal 
rhythm but the cardiac output was diminished 
markedly, the metabolic rate was diminished, and 
the respiratory rate increased. The change in 
cardiac output during the coupling was of the 
magnitude which would be present if the normal 
beats delivered the same amount as before but 
the extrasystoles contributed almost nothing to 
the circulation. Apparently this common com- 
plication of digitalis action may cause a profound 
depression of the circulation. It is of interest 
that the patient insisted he felt as well during the 
coupling as before or aftenvard. 

Discussion of digitalis action 

That digitalis benefits patients with certain 
types of heart disease has been known since 
Withering. The clinical work on this subject 
has been reviewed recently (24, 25). The 
mechanism underlying this improvement has been 
debated (26). Most conspicuous in patients 
with decompensated fibrillating hearts, the im- 
provement was attributed by Mackenzie to the 
change in rate of beating. Clinicians have usu- 
ally believed that the improvement secured in pa- 
tients with exhausted hearts, beating with regular 
rhythm, resulted from an increased contraction, 
and a larger output (24). This belief was sup- 
ported by the results of Cushny’s experiments on 
mammalian hearts with the cardiometer and the 
myocardiograph (22). 

The discovery that digitalis decreased the out- 
put of the heart of normal dogs (20, 26) was 
therefore unexpected, as was the opinion that 
digitalis should be regarded as a cardiac sedative 
(26). Reduction of cardiac output after digitalis 
was found in normal men by Burwell, Neighbors 
and Regen (19) and by Stewart and Cohn (20). 
We find it also. 

Studies upon the effect of these drugs on the 
output of decompensated hearts have been less 
concordant. Ringer and Altschule (27) and 
Lauter and Baumann (28) found an increase in 
output in weakened hearts, while Euninmonth 
(29) found increases in some subjects and de- 


creases in others. Little confidence can be placed 
in these observations, however, for they were 
made with methods based on erroneous assump- 
tions. Eppinger, von Papp, and Schwarz (30) 
and Schwarz and Schimmer (31) using an oxygen 
method of doubtful accuracy found a decrease of 
output in cardiac patients with digitalis, while 
Ewig and Hinsberg (32) with a carbon dioxide 
method found no change. In contrast, however, 
Grassmann and Herzog (33) using the acetylene 
method of Grollman (6) found an increase in 
most cases when given digitalis. This finding 
was supported by acute experiments with in- 
travenous injections of strophanthin, in which 
the cardiac output was deduced by the pulse- 
wave-velocity and blood pressure method of 
Broemser and Ranke (34). 

Stewart and Cohn (20), employing Grollman’s 
method, with which they had found a decrease in 
normal cases, discovered an increased output as- 
sociated with digitalis in patients with signs of 
heart failure but without pulmonary congestion. 
They suggested that the drug increased the ex- 
tent of the contraction in both conditions, and 
that the accompanying decrease in heart size, 
which led to a lower output from a normal heart, 
resulted in a larger output from one which had 
been dilated initially. 

Using a slight modification of the same method, 
Friedman, Clark, Resnik and Harrison (35) 
found no such consistent increase in minute vol- 
ume in decompensated subjects. Administration 
of digitalis gave an increase in some cases, but no 
change or a decrease in others. The direction of 
the change could not be correlated with the pres- 
ence or absence of clinical improvement. They 
attributed the divergent results of Stewart and 
Cohn to the failure of these investigators to se- 
cure adequate mixing of the respiratory^ gases, 
and considered that in their own work this had 
been avoided by a slight prolongation of the re- 
breathing time. If this is the explanation, we 
are left with the impression that slight differences 
in technique make such great differences in re- 
sult that our confidence in the accuracy attained 
is diminished. The difficulties inherent in the ap- 
plication of the gas methods for estimating car- 
diac output in patients with vary’ing amounts of 
pulmonary congestion are obvious. But we ac- 



TABLE II* 

Original data and diagnoses of individual cases receiving digitalis 
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cept these results as the best that can be obtained 
at present under these conditions. 

Therefore one might judge from the literature 
that digitalis exhibited varying cardiac effects in 
animal preparations, in normal persons, in pa- 
tients with heart disease and normal rhythm, and 
in auricular fibrillation. Our results, viewed 
superficially, would reveal the same thing, for 
considering all our subjects as one group, the 
estimated cardiac output after digitalis is dimin- 
ished in four, increased in eight, varied in four, 
and was essentially unchanged in four. A simi- 
lar diversity of results was found by Harrison 
and his coworkers in congestive heart failure 
( 21 ). 

But by the application of the conception de- 
scribed on page 802 our results can be unified. 
Utilizing our definition of stimulation and de- 
pression, and plotting the average digitalis effects 
in Figure 1 and the satisfactory individual cases 
in Figure 2, we find that digitalis stimulates the 
heart in every instance, i.e. the heart’s work per 
beat, in proportion to its size, increases. With- 
draw the drug and the reverse usually occurs. 
Those cases in which cardiac output diminished 
after digitalis also have had a diminution of pulse 
rate, or of heart size, or of both. 

We, therefore, support the classic view that 
digitalis is a cardiac stimulant, a conclusion drawn 
many times from the results of clinical observa- 
tion and animal experiment, and we believe that 
the apparent divergencies of digitalis action can 
be unified by this conception. 

Epinephrine 

The second group of estimations was made 
from 20 to 40 minutes after the subcutaneous in- 
jection when tremor of extended hands, and 
changes in either pulse rate or blood pressure were 
present. The results, Table III, are similar in 
most respects to those of our predecessors in this 
field. Somewhat to our surprise the average 
mean blood pressure failed to rise after adrenalin 
in our subjects. The systolic pressure rose in 4 
of the 6 subjects but the diastolic pressure fell 
in every instance. The latter is the usual finding 
(36) so the effect on mean blood pressure is often 
small. 

Our results (Figure 3 and Table III) show a 


significant increase in pulse rate, metabolic rate, 
cardiac output, cardiac work, and respiration after 
the drug. There was also a great diminution of 
peripheral resistance. Marked stimulation of the 
heart muscle is indicated by the data illustrated in 
Figure 1. 

The electrocardiograms showed no noteworthy 
change except in Case 299, who, showing only 
occasional ventricular extrasystoles before the 
drug, developed short periods of bigeminal 
rhythm, the extrasystoles replacing every second 
beat. 

The usual effects of epinephrine increasing 
metabolic rate, systolic blood pressure and pulse 
rate are well known. Euler and Liljestrand (37) 
first demonstrated effect on cardiac output on two 
normal subjects. Field and Bock obtained a sim- 
ilar result (38), Lauber and Brauch (39) se- 
cured evidence of a similar effect on 3 patients at 
the height of action, after a small dose, as 0,01 
mgm., given intravenously. The latter authors 
employed Broemser and Ranke’s method (34) in 
which cardiac output is deduced from the blood 
pressure and pulse wave velocity. This method 
has been criticized (4), and we. have had no ex- 
perience which permits us to evaluate its results. 

It should be emphasized that the effects of epi- 
nephrine on heart and circulation far overbalanced 
the blood pressure effects on our subjects. In- 
deed, despite the blanching around the site of in- 
jection seen in all our subjects, and the facial pal- 
lor seen in some, the peripheral resistance mark- 
edly diminished in every case, and one is forced to 
conclude that vessels dilated at some location. 
Clough deduced this from the fall of diastolic 
pressure (40) and Grollman points out the same 
implication in Euler and Liljestrand’s data (6), 

It seems reasonable to suppose that local vaso- 
constriction at the site of injection, due to the 
high concentration of drug at that spot, so im- 
pedes absorption that the minute amounts of drug 
reaching the general circulation dilate vessels as 
do extremely minute doses injected intravenously 
in animal experiments. Reflex vasodilatation 
from increased pressure due to the cardiac stimu- 
lation may be a factor also, 

Ephedrine 

Changes in blood pressure 'allowed us to iden- 
tify clearly the height of action in most instances 
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TABLE III 

Original data and diagnoses of individual cases 


Case 

num- 

ber 

Sci 

Age 

Hcisht 

! 

Weight 

Cardiac 

output 

(dupli- 

cate 

deter- 

mina- 

tiona) 

Pulse 

rate 

i 

AveraM 

blood 

pressure 

I Aver- 
age Oj; 

COD- 1 

sump*! 
tlan 1 

Respiration 

Heart 

vol- 

ume 

Dose 

Diagnosis and remarks 

Rate 

Vol- 

ume 

■ 

1 

VtQn 

iJwAei 

pounii ; 

liter* \ 

^ \ 
mxnule , 

Ver \ 

ute , 

mm.Hg 

cc, per 
min- 1 
Ute ; 

per 

min- 

ute 

litet* 

Vff 

mtnu(e 

ce. 




ZPUflCPHRIKB 












_ 



mgm. 


I 

M. 

62 

73 

163 

3.3 


56 

166-75 

282 

■ 

8.1 



Diabetes mellitus. peripheral vascular disease 








62 

155-58 

308 


9.6 


0.5 

Arteriosclerosis 

274 

M 

54 

64 

163 

3.4 

3,2 

63 

116-59 

239 


6.4 

1587 


Multiple hereditary telangiectases. Congestive failure 8 months 






5.3 

4.2 

87 

130-53 

312 

El 

8,8 

1425 

0.45 

before 

278 

M. 

47 

ri 

165 

3,3 

.1.1 

76 

114-65 

213 

■eI 

5.3 

564 


Heurocirculatory asthenia 






6.1 

5 4 

104 

112-57 

310 

14 

8,9 

554 

0.8 


299 

M. 

52 

72 

162 

4.8 

3.7 

92 

120-105 

379 

20 

11.8 

1157 


Hyperthyroidism 






5,8 

5.5 

no 

129-84 

543 

27 

16.5 

1150 

0.5 

328 

M. 

50 

62 

158 

3.4 

.16 

M 

136-87 

243 

n 

5.4 

815 


** . . ■ ■ 






4.5 

5.7 

82 

155-83 

304 

15 

8.0 


1.0 

1 . >• a pectoris 

333 

M. 

52 

65 

152 

3.0 

4.1 

57 

U8-80 

176 

12 

4.3 

690 


... . 






8.3 

8.0 

H 

128-65 

230 

14 

5.9 

m 

0.75 



£PB£DBiN2 















mgm. 


233 

F. 

47 

62 

114 

2,7 

2.9 

59 

99-70 

154 

11 

3.2 

366 


Normal 






3.7 

,1.5 

87 

115-73 

158 

14 

3.7 


50 


258 

M. 

50 

67 

130 

3.4 

,1.1 

62 

96-79 

121 

17 

3.5 



(7) Mjaedema 






,5.1 

4.6 

66 

128-89 

177 

17 

3.8 


50 

263 

M. 

43 

68 

140 

4.1 

,1.2 

58 

102-79 

223 

7 

5.1 

509 


(7) Neurasthenia 






,1.4 

.1.9 

81 

112-79 

232 

9 

.5.8 

488 

50 


265 

M. 

28 

65 

144 

3.1 

3.5 

64 

111-76 

191 

12 

4.8 

451 


Normal 






3.0 

4,5 

72 

118-77 


15 

5.4 

456 

50 


269 

M. 

30 

63 

169 

Em 

,1.4 

6.1 

108-61 

260 

9 

,5.5 

629 


Normal 






4.9 

4.5 

63 

115-70 

322 

■w 

7.9 


50 


332 

M. 

62 

65 

189 

Mil 

Eig 

mm 

110-69 

284 

mm 

7.2 

750 


Gastro'intcstinal indueoxa 






2.8 

3.2 

S3 

135-68 

287 


8.8 

781 

67.5 

Convalescent 


cxrrznm 















gram* 


281 

M. 

23 

68 

145 

4.3 

3.9 

7.1 

138-49 

259 

mm 

.5.1 



Post-encepbaliUa. Rheumatic heart disease. Aortic regurgita- 
'• , (7) mitral valvulitis 







5.6 

65 

129-48 

282 

10 

5.4 

894 

.5 

282 

M. 

48 

63 

ISl 

3.8 

4.1 

59 

152-98 


18 

EQEM 



• . . •• Just out of 2d decompensation. 






3,6 

4,1 

63 

145-91 

Em 

14 

9.4 

1.126 

.5 

283 

F. 

32 

64 

137 

3.5 

4.2 

93 

117-75 


9 

4,1 

545 


, , . . . neurocirculatory asthenia 






.5.5 

i£l 

92 

115-74 

239 

9 

7.1 

534 

.5 

284 

M. 

37 

70 

191 

5.3 

19 

67 

125-77 

268 

14 

7.5 

772 


Psychoneurosis. Atypical constant procordiai pain 






5.1 

3.9 

63 

123-76 

220 

14 

5.8 

773 

,5 


TRXOPHTLZJM; 















gram* 


303 

M. 

16 

63 

129 

2.9 

3.2 

109 

123-75 

247 

23 

7.1 

373 


(?) rheumatic fever. No known cardiac involvement 


M. 




4.8 

3.9 

100 

118-82 

245 

22 

7.5 

412 

0.48 

305 

33 

67 

141 


4.3 

45 


197 

15 

5.3 

1120 


. . , . • <4 Parox>'sin of auricular fibril* 


M, 




4.9 

6.2 

50 

171-118 

253 


10.3 

UI55 

0.48 

• ^uUvdudtaUiod 

• ca/culatcd dose digitalis 

307 

22 

63 

146 

4.2 

3.1 

73 

■TiTgy 

326 

14 

6.4 

578 







4.9 

3.7 

78 

105-77 


13 

6.0 

WO 

0.48 

308 


37 

63 

129 

3.2 

m 

S5 


mtm 

19 

5.8 

608 


Angina pectoris: Xanthomatosis 







ill 

76 

97-75 

243 

18 

6,6 

614 

0.48 

309 

50 

70 

138 


2.6 

56 

88-62 


10 

4.8 

571 


Low backstrab. Posdbly neurocirculatory asthenia. 

317 

M. 






52 

cn>a£i 

^1 


5,4 

565 

0.43 

47 

67 

159 

Bll 


91 

148-117 

224 

17 

5.8 

8S0 


Angba pectoris 

329 

M. 




3,4 

3.5 

83 

■w;aw<j 

238 

16 

6,3 

6.50 

0.48 

57 

68 

116 

2.0 

1.5 

54 

117-87 

178 

17 

5.1 

528 


Angina pectoris 






2.1 

3.3 

53 

137-66 

m 

17 

6.0 

542 

0.43 

(7) Duodenal ulcer 


CABBAUIKOTLCBOIXVB 
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mgm. 


271 

M. 

39 

63 

114 

2.9 

3.4 

73 

103-69 i 

226 

7 

5.5 

579 


Thromboangiitis oUiteracs 

277 

M. 




3.9 

3.8 

H:i 

87-81 

o'jg 

7 

6.0 

655 

0.5 

44 

63 

153 

m 

2,9 

63 

223-127 

214 

15 

5.9 

^1 


Arteriolar nephroscieroris 

315 

51. 




ESI 


71 

205-1221 

235 

15 

6.0 

812 

0.4 

27 

60 

166 

3.4 

3.1 

78 

125-90 1 

2S5 

17 

7.1 

755 


Headache— no cause found 

323 

M. 

36 



4.3 

3.3 

80 

112-80 

312 

18 

73 

748 

0.8 


80 

169 

3.0 

2.9 

52 

94-85 

230 

15 

5.8 

858 


Thromboangiitis oUitcrons 

324 ; 

51. j 




3.1 

3.8 

M 

93-84 

254 

15 


858 

0.6 

30 

74 

IS2 i 

4.3 

5.0 

73 

113-71 

308 

15 

8.4 

687 

Thromboangiius obUterans 

327 

51. 




3.7 

4.0 

75 

113-81 

313 

14 

8.9 

631 



60 ; 

86 1 

131 1 

2.1 

3.5 

84 

18I-S7 

232 

U 

53 

720 


Arteriosclerotic peripheral rascaUr diiesje 

i 



1 

! 


g| 


68 

174-81 

203 

14 

5J> 


10.4 
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TAHLE in~CoiUinucd 


1 

1 

C.aso 

num- 

ber 

1 

i 

Sex 

i 

1 

Ago 

Height 

1 

Weight 

Cardiac 
output 
(dupli- 1 
cato 1 
doler- 
inina- 
llons) 

i 

Pulse 

rate 

1 

AveraRO 1 
blood 
pressure 

1 

Aver* 

aRoOil 

coil- 

aumjv 

tion 

Hespiration 

Heart 

Dosa 

Diagnosis and remarks 

j 

Rato 

Vo!* 

umo 

vol- 

ume 



ycari 

incAci 

pounds 

iiUti 

minufc 

|SI 

H 

mm. Itg 

CC, pff 

nu'n- 
; uU 

1 



CC. 

! 



iJODIUU UmilTB 















fframi 


2S0 

M. 

32 

71 

US 

8.3 

7.5 

71 

211-13.5 

217 

5 

0,2 

iMwiyi 


Advanced chronic glomerulonephritis 

Very nervous. Excited during Ist tun 

317 

M. 

•17 

07 

150 

5.1 

4.7 

08 

101-112 

200 

0 

0.3 


0.12 

2..1 

3.0 

S.S 


202 

17 

5.7 



Angina pectoris 


M. 




3.5 

2.5 

95 

113-92 

220 

17 

5.9 

035 

0.12 

318 

35 

03 

130 

4.2 

3.7 


223-107 

201 

15 

5.7 

072 


Essential bypertendon. Former hemiplegia 


M. 




3.0 

3.8 


185-130 

195 

13 

5.4 

038 

0.12 

319 

•13 

GO 

157 


2.4 

wm 

187-153 

215 

15 

5.2 

912 


Essential hypertension. Former hemiplegia 


M. 




3.5 

3.2 

50 

115-118 

221 

13 

.5.1 

850 

0.12 

320 

50 

OS 

157 

2.9 

28 

S3 

231-127 

205 

22 

7.7 

800 


Renal artcrioloscicrosis with beginning renal failure 






2.5 

2.8 

SO 

217-120 

279 

23 

7.8 

830 

0.12 

321 

M. 

55 

05 

Ml 

2.8 

2.0 

GO 

160-115 

255 

13 

0.4 

1090 


Renal artcrlolosclerosis with beginning renal failure. Blood urea 






3.3 

3.0 

01 

IOt-107 

270 

14 

0.2 

1055 

0.12 

nitrogen 30 

322 

F. 

•15 

(U 

121 

4.0 

4.1 

122 

250-159 

268 

19 

0.1 

850 


Advanced chronic giomeruloaephrilis 

Blood urea nitrogen normal Died 3 weeks later 


M. 




3.9 

3.0 

112 

252-155 

262 

17 

6.0 

872 

0.18 

330 

72 

07 

193 

3.2 

2.3 

(11 

UlS&l 

230 

14 

5.8 

955 


Arteriosclerotic heart disease. .Aortic steno^I 






2.8 

2.5 

02 

115-85 

202 

15 

0.8 


0.12 


mTnoGLTasniKB 









1 



nm 

m 

mjm. 


1 

M. 

62 

73 

168 

1.9 

51 

145-6.5 

221 


■tlW 



Diabetes mellitus. Peripheral vascular disease 






3.9 3.1 

71 


227 




1.2 

Arterioscleroeis 

2 

M. 

63 

73 

170 

1.7 

1 78 

iy5-\)5 

193 


■pts 



Essential hypertension. Left bemiplcya 






2.2 3.9 



275 

Hi 

HI 

llllli 

1.2 



^tinsssiK 













■i 

■■ 



260 

F. 

38 

65 

104 

4.3 

3.3 

iKeI 

88-03 


11 


3G6 


Diabetes Insipidus 






2.7 

9 0 

71 


153 

10 

kh 

331 

30 

200 





2.9 

2.7 

64 


139 

9 

kSI 



5 daj'S after 1st test 








68 

83-61 

144 

9 

Ell 


30 

272 

M. 

23 

70 

120 

iuCT 


74 

101-62 

181 

17 

5.1 

423 


Neurocirculatory asthenia 






Bel 


73 

94-(U 

ISO 

24 

5.8 

377 

8 

272 





2.3 

2.1 


94-50 

191 

22 

5.8 

423 


3 days after Ist test 





2.1 

2.0 

K9 

86-58 

196 

19 

5.5 

405 

16 

274 

M. 

54 

54 

163 


m 

68 

112-57 

260 

17 

KSa 

1004 


Multiple hereditary telangiectases. Fully digitalized 





3.0 

2.4 

67 

115-00 

288 

18 

7.1 

1505 


312 

M. 

36 

03 

137 

4.3 


05 


220 

11 

10.8 

548 


Diabetes bisipidua 




4.4 

4.6 

62 


263 

9 

13.3 

570 


328 

M. 

41 

71 

160 

3.2 

4.1 

87 

139-55 

353 

25 

10.0 

819 


Syphilitio heart disease. Aortic regurgitation fully digitalized 





2.8 

3.1 

80 

144-68 

293 

24 

9.8 

837 


293 

M. 

23 

67 

132 

2.3 

2.5 



211 

14 

4.3 

498 


Diabetes insipidus 


3.5 

3.2 

70 

103-64 

235 

13 

5.5 

514 


Snuffed pituitary powder up nose 


QTjmiDmB 















grams 

260 

M. 

27 

69 

165 

2.8 

3.0 

66 

141-87 

277 

21 

6.8 

2290 





2.4 

2.6 

71 

141-95 

269 

30 

8.0 

2280 

1.0 

272 

M. 

23 

70 

120 

2.5 

2.0 

79 

99-52 

193 

21 

5.5 

469 





2.8 

2.8 

93 

102-57 

199 

22 

6.2 

424 

1.0 

274 

M. 

54 

64 

163 

3.7 

m 

87 

120-71 

300 

19 

7.4 

1834 




3.9 

3.6 

88 

107-64 

309 

20 

■Of 

1640 

1.0 

275 

F. 

38 

60 

112 



61 

137-96 

145 

12 

3.4 

715 




2.0 

1.8 

55 

137-97 

124 

14 

3.2 

861 


282 

M. 

46 

63 

184 

3.6 

3.4 

60 

160-100 

249 

11 

7.2 

1315 






3.1 

3.5 

70 

166-107 

244 

9 

7.0 

1336 

2.0 

282 





3.4 

3.9 

69 

176-100 

268 

11 

6.3 

1070 






3.5 

3.5 

72 

141-90 

232 

11 

6.0 

1045 

2.0 

285 

F. 

32 

60 

127 

3.8 

3.9 

86 

196-133 

182 

10 

4.4 

551 






ES 


95 

200-137 

189 

16 

4.8 

460 

1.4 

287 

F. 

34 

63 

110 

4.1 

4.1 

97 

110-70 

187 

18 

4.9 

454 




3.6 

3.0 

no 

114-69 

183 

17 


396 

0.4 


Rheumatic heart disease. Advanced valvulitis. Auricular fi- 
hrillation. Formerly decompensated. Fully digitalized 
Neurociroulatory asthenia 

Multiple heriditary telanpeotases. Decompensated 5 months 
before. No digitalis . . , cv 

Rheumatic heart disease; mitral stenosis; aunoular noriuauou 

Hy^rlensive heart disease. Formerly twice decompensafed. 

No digitalis _ , . 

7 days after previous test. No digitalis 
Improved clinically ,, 

Arteriolar nephroselerosis. Nausea and vomiting soon aiier 
post-drug run 
Neurocirculatory asthenia 
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TABLE III — Continued 


Caso 

Dum- 

ber 

Sex 

Age 

1 

Weight 

, Cardiac 
output 
(dupli- 
cate 
deter- 
mina- 
tioDs) 

Pulse 

rate 

Average 

blood 

pressure 

Aver- 
age Oi 

COQ- 

8umi>- 

tion 

Hcsplration 

Heart 

vol- 

ume 

Dose 

Diagnosis and remarks 

Rate 

Vol- 

ume 



yeari 

inchti 

pouni« 

liters 

miriMie 

m 

IjQ 

mm.Hg 

ce,per 

min-' 

ute 

per 

min- 

ute 

liters 

per 

minute 

cc. 




UORPHINE (nON-CABDUC CASES) 











■1 




mgm. 


239 

M. 

17 

67 

1J5 

5.2 

4.4 

94 

124-80 

Eg 

20 

6.5 



Typhoid fever convalescent 






3.7 

3.3 

81 

121-76 


18 

5.2 


10 

240 

M. 

58 

66 

139 

3.5 

3.8 

63 

109-92 

rH 

14 

3.7 

567 


Duodenitis 






3.2 

3.2 

60 

98-84 

160 

13 

4.3 


15 


241 

M. 

24 

64 

121 

Em 

ES 

83 

106-78 

204 


5.2 

498 


Arthritis, colitis 

4-3-34 





4.7 

4.4 

76 

105-84 

222 

17 

4.9 


15 

241 

M. 

24 

64 

121 

3.8 

4.4 

72 

09-77 

228 

17 

4.9 

498 


Arthritis, colitis 

4-10-31 





3.1 

EE] 

75 

107-84 

248 

15 

4.7 


15 


242 

JI. 

29 

72 

163 

4.7 

5.1 

82 

109-92 

270 

11 

5.5 



Chronic colitis 






5.4 


82 

110-91 

231 

11 

5.4 


15 


243 

M. 

35 

68 

131 

4.4 

3.7 

68 

110-95 

213 

13 

4.9 

514 


Gastric neuroris 






3.9 

4.6 

62 

112-95 

191 

11 

3.8 


15 


244 

F. 

35 

63 

117 

4.0 

4.4 

72 

104-70 

182 

19 

5.3 

437 


Psychoneurofiia 






4.1 

4.1 

69 

100-75 

173 

16 

4.7 


15 


UORPBINB (CABDIAC CASES) 















mgm. 


245 

M. 

57 

69 

157 

35 

3.7 

46 

149-77 

212 

12 

5.1 

477 


Coronary occlusion. Angina pectoris 






3.6 

3.5 

51 

141-72 

193 

11 

4.4 


15 


246 


33 

66 

176 

i£] 

5.2 

66 


247 

16 

5.4 



Angina pectoris 






4.1 

5,1 

62 

145-85 

Km 

11 

4.8 


15 

247 


43 

70 

181 

3.5 

2.9 

75 

165-99 

233 

20 

7.6 

1240 


Hypertensive heart disease. Just out of decompensation 






ElOl 

EBl 

68 



15 

6.4 


15 

248 


65 

67 

140 

4.2 

4.4 

96 

124-05 

305 

14 

7.3 

1282 


Thyroid heart disease. Auricular fibrillaUon. Never deeom* 






4.0 

3.3 

86 

113-65 

mm 

14 

6.0 


15 

peosated 

249 


51 

KB 

108 

3,5 

3.4 

72 

128-65 

239 

17 

6.6 

1345 


Arteriosclerotic heart disease. Aortic stenosis (7) 





2.8 

3.1 

74 

129-65 

241 

13 

5.4 


Eh 

Attacks of nocturnal dyspnea 

250 


39 

67 

119 

2,8 

3.7 

78 

115-82 

msm 


6.0 

1380 


Rheumatic heart disease. Decompensated G months ago. 






2.9 

2,4 

78 

114-31 

Wmm 


5.7 

1314 


Mitral stenosis 

251 

■59 

59 

63 

178 

2.1 

2.6 

79 

127-72 

257 

22 

5.5 

585 


Coronary thrombosiB 1 month before 






2.3 

2.7 

77 

109-67 

229 

19 

5.4 

m 


301 

M. 

22 

67 

149 

7.5 

6.3 


129-59 


14 

8.4 

769 


Hyperthyroidism 






5.6 

6.8 

IQl 

132-59 


14 

8.2 

644 

15 


STBTCHNJI^ 















mgm. 


118 

F. 

47 

61 

153 

2.0 

1.4 

60 

103-69 

162 

20 

4.5 

1083 


(7) Rheumatic heart disease. Very few physical signs. On 






1.5 

1.7 

mm 

95-62 

143 

23 

4.5 

1105 

2.0 

diritalis 

291 

M. 

22 

65 

132 

2.5 

2.9 

55 

119-71 

203 

20 

6.6 

1100 


Rheumatic heart disease. Mitral stenosis. Former pulmonary 






2,5 

2.5 

54 

122-72 

165 

15 

5.6 

990 

1.5 

hemorrhage 

292 

M. 

14 

66 

129 

5.6 

5.1 

72 

116-68 

222 

11 

5.6 

510 


Recent rheumatic fever 






H|1 

3.6 

64 

120-64 

208 

10 

4.8 

464 

1.0 


294 

M. 

28 

65 

134 

EM 

19 

52 

127-24 

250 

13 

6.2 

1500 


Rheumatic heart disease. Advanced aortic regurgitation with 






EwJ 

Km 

52 

135-25 

278 

13 

6.8 


1.5 

all peripheral signs 

295 

M. 


68 

144 

3.0 

2.6 

54 

133-83 

199 

14 

5.9 

672 


Thromboan^tis obliterans 






3.0 


55 

132-76 

217 

14 

5,7 

54K 

1.5 


298 

M. 

27 

70 

152 


girl 

64 


235 

8 

6.9 

688 


Thromboan^tis obliterans 








59 

98-66 

256 

8 

8.5 

669 



297 

M, 

51 

61 

160 

Km 

WSm 

98 

109-85 

258 

20 

11.6 

1277 


Heart enlarged without obvious cause 







4.1 

90 


220 

19 

8.8 

1170 

2.0 


316 

M. 

48 

68 

171 

3.3 

2.6 

SO 

I60-1I5 

287 

12 

6.0 

986 


Arteriosclerotic heart disease. Auricular Obrillalion. Ondtgitalis 






2.7 

2.3 

80 

152-110 

281 

15 

6.2 

991 

3.0 



and it appeared from 15 to 45 minutes after the 
subcutaneous injection. 

The action of ephedrine was rather irregular; 
some of our subjects responded markedly, others 
very little, to the same subcutaneous dose. Our 
results show a significant increase in pulse rate, 
systolic blood pressure, respiratory volume, car- 
diac output and cardiac work, and a significant 
diminution of peripheral re sistance. The pattern 
ot the response ^Figure 3) closely resembles that 


found after adrenalin, but ephedrine is less power- 
ful in the dosage given. The stimulant action of 
ephedrine on the heart is also less than that of 
adrenalin (Figure 1). 

The increase in metabolic rate was irregular, 
being marked in some subjects, absent in one. 
This seems to have been the experience of others 
also (41). 

The electrocardiograms of all but one of our 
subjects showed diminution in height of the T 
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wave after the drug. In Case 310, who had been 
clinically much improved by the drug, an upright 
T wave became biphasic. Changes of this type 
have been reported on dogs and in an occasional 
patient after the drug (42). 

The action of ephetonine, a synthetic racemic 
ephedrine, was carefully studied in a single nor- 
mal subject by Euler and Liljestrand (43). We 
used the natural I rotatory ephedrine which is 
more active than the racemic. Therefore, our re- 
sults are not strictly comparable with those of 
Euler and Liljestrand, but they agree as well as 
one would expect. 

The depressant actioii of ephedrine on the 
heart, demonstrated after large doses in animal 
experiments (42) does not seem to be a factor in 
the clinic after proper dosage of the drug. 

As is the case with epinephrine the diminution 
in peripheral resistance indicates that vessels have 
dilated somewhere and that the increased blood 
pressure is to be entirely explained by increased 
cardiac output. Such a large increase of cardiac 
output accompanied by general vasoconstriction 
would surely cause a dangerous rise of blood pres- 
sure. Doubtless the nervous and humeral mecha-/i' 
nisms of homeostasis, brought into action by the 
elevation of pressure overbalance the constrictor 
action of the drug. 

Caffeine and theophylline ethylenediamine 

These drugs, belonging to the same group, may 
be considered together. Both drugs, although in- 
jected well into the deltoid muscle gave rise to 
soreness at the site of injection in every instance. 
Both drugs had but little effect on the functions 
usually measured in the clinic — ^pulse rate, res- 
piratory rate and blood pressure — so that we 
could do little more than guess at the time of 
maximum drug effect. We made the second 
group of estimations from 20 to 40 minutes after 
the injection. 

The averages show a marked increase in cardiac 
output, work and respiration ; and a diminution of 
peripheral resistance. These changes are sig- 
nificant for theophylline. Figure 3 shows that 
the average circulatory and respiratory effects of 
the two drugs have a similar pattern, theophylline 
being more powerful in the dosage used. Both 
drugs are cardiac stimulants (Figure 1). 


The electrocardiograms of our patients showed 
no noteworthy change after either drug. 

Three of the seven patients given theophylline 
had angina pectoris. In spite of the increased 
heart work demonstrated in these cases no cardiac 
pain followed in any instance. 

Our results after intramuscular injections of 
caffeine correspond in a general way with those 
obtained by Grollman (6) after giving caffeine 
by mouth to normal persons. The effect of caf- 
feine on the metabolic rate of our patients is simi- 
lar to the experience of others (6, 41) in that, 
while most subjects show no change after the 
drug, an occasional person shows a marked in- 
crease. 

In three cases of congestive heart failure, one 
studied three times, Friedman, Resnik, Calhoun 
and Harrison (44) made single estimations of 
cardiac output by the acetylene method before and 
after the oral administration of from 1.5 to 0.9 
grams of theophylline daily for two days. The 
average of the results showed an increased cardiac 
output of 9.8 per cent after the drug but the re- 
sults of individual experiments were irregular and 
this difference, judged by the standards we have 
set for ourselves, is not significant. These in- 
vestigators were chiefly interested in the effect 
on the circulation of loss of fluid by diuresis, and 
so they had no need of perfomfing their estima- 
tions at the height of drug action. We believe, 
therefore, these results to be as similar to ours as 
should be expected. 

Our studies indicate that these two drugs rank 
among the powerful cardiac and circulatory stim- 
ulants. We believe that clinicians, basing judg- 
ment on their lack of effect on pulse rate, respira- 
tory rate and blood pressure, have underestimated 
their activity, and possibly their value also. 

Carbaminoylcholine 

Carbaminoylcholine (doryl) was investigated 
because of the especial interest of one of the au- 
thors (45). It is a representative of the group 
of drugs whose action is similar to that which fol- 
lows stimulation of parasympathetic nerves. Of 
the 6 patients, 4 were subject to peripheral vascu- 
lar disease and previously had had relief of pam 
after the drug. All of them had improved to the 
extent of freedom from pain when these tests 
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were made. A slight flush with some diminution 
of blood pressure and increase of pulse rate gave 
evidence that the drug was acting when the esti- 
mations were made, 20 to 40 minutes after the 
subcutaneous injections. 

The average results, Figure 3, show a sigm’fi- 
cant increase of pulse rate and respiration, and a 
significant diminution of blood pressure and pe- 
ripheral resistance. The average cardiac output 
increased 12 per cent but the changes found in 
individual cases were irregular enough to prevent 
significance being attained in so small a series. 

When plotted in Figure 1 the average results do 
not indicate any stimulant or depressant effect on 
the heart. 

The electrocardiograms showed no change of 
form which could be attributed to the drug. 

After doses of the size given the effects on the 
circulation are much similar to those which follow 
other vasodilators. We find no evidence of any 
effect like cardiac vagus stimulation. 

Nitrites 

All but one of the patients tested had a pro- 
nounced hypertension. A dose of 0.06 gram of 
sodium nitrite in solution was given by mouth as 
soon as the control estimations were over, and re- 
peated about 30 minutes later just before the sec- 
ond inhalation of ethyl iodide began. The change 
in blood pressure guided us in making the two 
estimations of cardiac output at the height of 
the action of the drug. This was usually about 20 
or 30 minutes after the second dose. 

Case 280 was obviously excited during the con- 
trol period and its data, included in Table III, 
have been omitted from the statistical analysis. 
The results show that a diminution of blood pres- 
sure occurred in all but one case, which, although 
given a third dose, still showed no noteworthy 
change. The average diminution of blood pres- 
sure and peripheral resistance are significant. 
The average heart work diminished with the fall 
in blood pressure, but there was enough variation 
in the individual cases to prevent significance be- 
ing attained. The averages of the cardiac output 
and of the other functions measured were not 
materially influenced by the drug (Figure 3). 

The electrocardiograms of Case 280 showed a 
surprising change. In Lead II the T wave, up- 


right less than I mm. before the drug, increased 
to 6 mm. after it; in Lead III the T wave, orig- 
inally inverted 1 mm., became 4 mm. upright. 
The electrocardiogram during the drug’s action 
was far more normal than that taken before it. 
Cases 318 and 322 showed very slight increases 
in height of the T wave in Lead II during the ac- 
tion, but Case 319 showed a 1 mm. diminution of 
the T wave in this lead. The electrocardiograms 
of the other patients were unchanged. The 
changes found are similar to those described by 
Evans and Hoyle (46) after amyl nitrite and 
nitroglycerine. 

Our results. Figure 1, indicate that sodium ni- 
trite causes slight depression of the heart, a find- 
ing consistent with the results of animal experi- 
ments (22). 

Sodium nitrite gives effects enduring long 
enough to permit duplicate estimations of cardiac 
output during its action. Therefore it was pref- 
erable for this investigation to the rapidly acting 
nitrites whose action may change materially in 
intensity before such estimations can be com- 
pleted. However, in two cases of hypertension 
we obtained single estimations of cardiac output 
during the period of diminished blood pressure 
following the administration of nitroglycerine 
(Table HI). 

After a single control estimation, tablets to- 
talling 1.2 mgm. of nitroglycerine were placed 
under the tongue. In the first case the pressure 
diminished sharply, attaining a minimum 10 min- 
utes after the administration of the drug. A 
marked increase in cardiac output was present at 
that time. Forty minutes later, 20 minutes after 
the blood pressure had returned to its previous 
level, the estimated cardiac output had fallen, but 
not to the control level. In the second case, after 
a slow fall, the systolic blood pressure curve be- 
came level and did not regain its previous height 
during the next 35 minutes. Twenty minutes af- 
ter the administration of the drug the cardiac out- 
put was but little elevated. Fifteen minutes later 
it was markedly increased. Obviously, there was 
a significant increase in cardiac output after nitro- 
glycerine in these two cases, and the extent of the 
change was larger than that usually seen after 
sodium nitrite. 

In general our results are similar to those of 
our predecessors in this field. Weiss and Ellis 
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(47) studied 5 cases of hypertension employing 
the cardiac output method of Field, Bock et ah 
which gives higher results than the more recent 
methods. After doses of sodium nitrite larger 
than those we employed, the average cardiac out- 
put diminished 12.6 per cent. If one omits one 
of their cases with an abnormally high output be- 
fore the drug, the diminution is only 7 per cent, in 
contrast to an increase of 3.4 per cent in our se- 
ries. Neither change is significant and in other 
respects our results resemble theirs. 

Gaisbdek and Jarisch (48) using the Krogh and 
Lindhard method repeatedly on two normal sub- 
jects, found an average increase of 44 and 20 per 
cent in cardiac output after subcutaneous injec- 
tion of small doses of sodium nitrite although the 
pulse rate and blood pressure were unchanged. 
Weiss and Ellis (47) found no change in cardiac 
output of normal persons after large doses by 
mouth. On four normal persons Lindhard (49) 
found a significant increase of cardiac output, 
averaging 23 per cent, after acute experiments 
with amyl nitrite. In the same subject, more 
prolonged inhalation was followed by a smaller 
effect which, judged by our standards, was not 
significant. 

Lauber and Branch (39) calculating the cardiac 
output from the pulse wave form, velocity, and 
pressure, according to Broemser’s method, divide 
the action of nitroglycerine into two parts. At 
first output and work are increased, later both are 
diminished. 

In general the results indicate that when the 
blood pressure is lowered rapidly by a nitrite the 
cardiac output is regularly increased. If the 
blood pressure falls slowly or not at all the re- 
sults are less regular, either an increase or no 
change being found. In our series cardiac work 
per minute diminished, not significantly, after so- 
dium nitrite but apparently increased in the two 
experiments after nitroglycerine. 

Pitressin 

We made four observations of pitressin action 
on three patients with diabetes insipidus who 
were accustomed to take the drug, and on three 
other patients who had never received it. In the 
former, pituitary preparations were withdrawn 
for about 18 hours and polyuria had developed 


before the control estimations. These patients' 
urine was measured before and after they re- 
ceived their usual dose at the time of testing. The 
polyuria was checked in every instance. Estima- 
tions were made 20 to 50 minutes after the drug's 
administration, usually by subcutaneous injection. 
Marked facial pallor gave evidence that the drug 
was acting when the estimations were made. 

The results. Table III, do not demonstrate any 
obvious difference between the response of the 
patients with diabetes insipidus and the other pa- 
tients, therefore both sets have been averaged in 
Table I and Figure 3. The results on Case 293, 
who inhaled pituitary powder, have been omitted 
from the statistical calculations because of lack 
of knowledge of the dose absorbed. 

The averages show that no significant change 
in any item measured followed pitressin. Most of 
the individual results show the same thing. Case 
260 showed a marked diminution of cardiac out- 
put after the drug but a second test did not con- 
firm the finding. Case 293 alone showed a de- 
cided increase. 

The electrocardiograms were unchanged after 
the drug except in Case 328 whose P waves di- 
minished from 2 to 1 mm. in height in Leads II 
and III after the drug. We did not observe any 
prolongation of A-V conduction time as has been 
observed both in animals and man (52). 

When plotted in Figure 1, our averages do not 
indicate that any depression of the heart resulted 
from these therapeutic doses of the drug. That 
relatively larger doses depress the heart in heart- 
lung and other animal preparations is well known 
(23). 

Pituitrin is known to produce inconstant 
changes of blood pressure in different patients. 
Moffat (51) studied 62 cases; in the majority 
there was little or no change after 1 cc. intra- 
muscularly. The general trend was towards a 
slight rise immediately after injection, and down- 
ward thereafter. Our results with pitressin are 
quite similar. 

Grollman and Geiling (52) studied two normal 
subjects by the acetylene cardiac output method. 
Therapeutic doses of pituitrin and pitressin pro- 
duced a transient diminution of pulse rate, oxy- 
gen consumption, and cardiac output, followed by 
a more prolonged increase. Hard (53), calculat- 
ing the cardiac output from blood pressure curves 
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and pulse wave velocity according to Broemser’s 
method, deduced an increased peripheral resistance 
and a diminished cardiac output after 10 units of 
pitressin in one subject. The curve of these re- 
sults resembles that of Grollman and Ceiling but 
the changes are not so marked and the secondary 
rise of cardiac output did not reach the initial 
level. 

Our estimations of pulse rate, cardiac output 
and metabolism, made during the period after ad- 
ministration of the drug in which Grollman and 
Ceiling obtained evidence of an increase of these 
functions, did not give similar results. 

We have not investigated the changes in cardiac 
output found soon after the injection by the ethyl 
iodide method, but Dr. H. A. Schroeder made esti- 
mations by the acetylene method 10 minutes after 
the injection of 20 units of pitressin in three pa- 
tients. The average output was diminished 11 
per cent at this time, as found by Grollman and 
Ceiling, but unlike their results, the metabolic 
rates were essentially unchanged. Varying effects 
of pituitrin on metabolic rate have been reported 
by numerous authors (52). It is of interest that 
in our results the changes average out. 

We conclude that pitressin is a drug usually 
causing little enduring change in the functions we 
have measured. The more pronounced effects, 
seen occasionally, vary in their direction so that 
average changes are not significant. 

Qumidine 

The quinidine was administered by mouth and 
the subsequent observations were begun as soon as 
the action manifested itself by an increase of pulse 
rate, usually between one and two hours after the 
drug had been taken. The dosage was larger than 
that usually given in a single dose in the clinic. 
Case 285 probably received a slight overdose for 
she vomited after the estimations although she 
denied nausea during them. 

Two of the cases had auricular fibrillation 
which persisted in spite of the drug. Two had 
previously been digitalized and the only instance 
of diminished pulse rate after quinidine occurred 
in one of these. In other respects the action of 
quinidine after digitalis did not seem different. 

All the changes demonstrated after quinidine 
were small but some occurred with such regularity 


that they were significant. The average pulse rate 
rose significantly. The stroke volume and work 
per beat were significantly diminished (Table I, 
Figure 3). 

The average size of the heart diminished sig- 
nificantly and this may well be a reflection of the 
change in heart rate. A more rapid rate, provid- 
ing less time for filling, must surely reduce the 
diastolic size if the inflow remains unchanged. 

The electrocardiograms were changed in all 
cases with normal rhythm, the T wave being from 
1 to 2 mm. more upright in two or three leads af- 
ter the drug. This was very striking in Case 282. 
In Case 285, Lead III, the QRS complex changed 
its form, the Q wave originally present disappear- 
ing, and the complex becoming M shaped. These 
results differ from those usually described, for, 
after patients have been given the drug daily for 
several days, inversion of the T wave is the com- 
mon finding (50). In anesthetized dogs soon 
after intravenous injection of quinidine Lewis 
et al. (54) described an elevation of the T wave 
probably analogous to that seen in our acute ex- 
periments. 

By means of animal experiments quinidine has 
been proved a strong cardiac depressant. The 
average results do not demonstrate cardiac de- 
pression in our subjects, although they received 
larger doses than usual. Perhaps clinical expe- 
rience has set the dosage of quinidine at a point 
where cardiac depression is minimal. 

Morphine 

This drug was the first studied, and our data 
are less complete than in other groups. The size 
of the heart after the administration of the drug 
was estimated in only four cases, the electrocardi- 
ogram was taken in but one. 

Seven determinations were performed on pa- 
tients without heart disease and not seriously ill. 
The estimations during morphine action were 
made as soon as pupillary constriction was mani- 
fest, and were performed between % ^d V/‘ 
hours after the subcutaneous injection. Tlie av- 
erages (Table I and Figure 3) show little change 
in heart or circulation. The largest change was 
in the average pulse rate which diminished about 
5 per cent, but even this did not attain signin- 
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Investigations of humoral immunity in per- 
tussis have been chiefly directed toward studies 
relating to specific agglutinins and complement- 
fixing antibodies. One direction which recent 
work has taken concerns the study of the opsono- 
cytophagic reaction of the blood. As the name 
implies, this reaction is a test for the opsonizing 
antibody in the serum as well as for the phago- 
cytosing power of the leukocytes. Whole blood 
may be used, as pointed out by Veitch (1), and 
this method has been successfully applied by 
Huddleson and his coworkers (2) in undulant 
fever. The results of their studies stimulated us 
to investigate the reaction in pertussis, particu- 
larly in regard to the therapeutic effect of intra- 
venously or intramuscularly injected immune 
blood (3). While the work was in progress, it 
was learned that Kendrick (4) had reported ob- 
servations on the reaction made during the course 
of pertussis, and in animals before and after in- 
jection of suspensions of H. pertussis and of 
other organisms. She suggested that the reaction 
might be useful in studying immune processes in 
pertussis. 

Singer-Brooks and Miller (5) have recently de- 
scribed their experience with the reaction and 
have presented the results obtained from observa- 
tions made during the course of the disease. 
They have been particularly interested in the 
reaction of vaccinated children. 

This report deals with observations of the re- 
action in children during the course of pertussis; 
in children with positive and with negative his- 
tories of the disease; and in mothers and their 
newly-born infants. 

^ This investigation was aided, in part, by a grant from 
the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Associa- 
tion. 

- Working under a grant from the Fluid Research 
Fund of the University of Rochester. 


METHODS AND MATERIALS 

Freshly isolated strains of H. pertussis were 
used to produce antigens. In each instance they 
were found to be hemolytic on the modified 
Bordet-Gengou medium ; were morphologically of 
the coccoid-bacillary type ; were virulent for mice ; 
produced necrotic lesions when injected intra- 
dermally into guinea pigs in dosages of 0.05 cc. 
of a suspension containing one billion organisms 
per cc. ; and were agglutinated by Phase I anti- 
serums but not by Phase IV antiserums. Accord- 
ingly, by these criteria, the strains were of the 
virulent or Phase I type. 

When the strains revealed any change from 
Phase I characteristics, their use was discontinued 
and newly isolated ones were substituted. Anti- 
gens were prepared every two to four weeks and 
were kept in the ice box at 4° C. during the period 
used. 

The medium used consisted of (a) a potato- 
glycerine-agar base, and (b) defibrinated sheep’s 
blood. 

The base consisted of the following ingre- 
dients: peeled potato, 500 grams; glycerin, U.S.P., 
40 cc. ; Bacto-agar, 120 grams; sodium chloride, 
C.P., 21.5 grams; distilled water, 4,000 cc. 

It was prepared as follows. The water and 
glycerin were mixed. The sliced potatoes were 
wrapped in gauze and suspended in one-half the 
volume of water and glycerin mixture, and boiled 
until soft. The potatoes were removed and the 
liquid allowed to cool. The salt and the agar 
were then added and the mixture allowed to stand 
for 15 minutes in order to saturate the agar. The 
mixture was then heated to dissolve the agar. 
The remaining water-glycerin mixture was added 
and the mixture brought up to volume. 

The base mixture was dispensed into flasks, 
each containing 150 cc., and autoclaved for 25 
minutes at 15 pounds pressure. 
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When a fresh batch of medium was desired, a 
flask containing 150 cc. of this base was melted in 
a water bath, cooled to 45° C. and to this amount, 
30 cc. of freshly drawn defibrinated sheep’s blood 
was added. Plates or slants were then poured as 
needed. 

This medium was found to give satisfactory re- 
sults after storage in the ice box for several days, 
but each batch of plates or tubes was dated and 
at the end of three days, the unused supply was 
discarded. 

For the growth of subcultures from which the 
antigens were prepared, Bradford’s gonococcus 
medium (6) was frequently used. This medium 
was prepared by melting 100 cc. of 2 per cent 
Douglas agar (pH 7.6 to 7.8). When this base 
had been cooled to 45° C., 25 cc. of the sterile 
ascitic or hydrocele fluid, 5 cc. of sterile 20 per 
cent glucose, and 10 cc. of sterile defibrinated rab- 
bit’s blood were added and mixed. Plates were 
poured in the usual manner. 

Upon this medium the majority of freshly iso- 
lated strains of H. pertussis grew well after a few 
generations of growth upon the modified Bordet 
medium. 

The technique of determining the opsono-cyto- 
phagic reaction consisted of mixing 0.05 cc. of 
whole blood, obtained as it flowed freely from a 
small incision in the finger tip, with 0,05 cc. of 
a 1 to 1,000 solution of heparin in physiological 
salt solution. To this was added 0.05 cc. of a 
standard killed suspension of Phase I H. per- 
tussis. This suspension was made by scraping a 
forty-eight hour growth of the organism from 
Bradford’s medium into physiological salt solu- 
tion. Merthiolate was added to make a final con- 
centration of 1 to 10,000, and the suspension was 
standardized to match the turbidity of a known 
standard suspension containing approximately ten 
billion organisms per cc. 

The organisms were added within thirty min- 
utes after the blood was withdrawn, the mixture 
was shaken and placed in a 37° C. water bath for 
30 minutes. A second shaking was done after 15 
minutes of incubation. At the end of the 30 min- 
ute period, without further shaking, smears were 
made, fixed with methyl alcohol, stained by the 
Giemsa method for 20 minutes, washed, dried, 
and examined under oil Immersion. 


A scries of 25 consecutive polymorphonuclear 
leukocytes were examined and the organisms en- 
gulfed in each counted. This number of cells was 
selected because it was observed that the final re- 
sults were not significantly altered when series of 
50 or of 100 cells were counted. The cells were 
then classified according to the number of or- 
ganisms engulfed. Three arbitrary groups were 
used to denote the degree of phagocytosis as fol- 
lows : “ none to slight,” 0 to 4 organisms ; “ defi- 
nite,” 5 to 19 organisms ; “ marked,” 20 or more 
organisms. If a leukocyte was distorted or if the 
organisms could not be counted because of 
marked clumping within the cytoplasm, the cell 
was omitted from the series. It was noted that 
phenolized antigens gave lower degrees of phago- 
cytosis than did the merthiolate-preserved ones. 
There was no significant difference between the 
degree of phagocytosis obtained when living and 
when merthiolate-killed antigens were tested, or 
when the virulent Phase I and the avirulent Phase 
IV antigens of the same strain were compared. 

RESULTS 

The reaction of the blood of 49 patients, when 
tested at various periods during the course of the 
disease, is shown in Table I. For each group 


TABLE I 

The opsojio-cylophagic reaction oj the Hood 
during the course of pertussis 


Week of 
disease 

Number 

of 

patients 

tested 

Distribution of the average number of 
cells according to the number 
of organisms phagocytosed 

0 to 4 
organisms 
“none to 
slight” 

5 to 19 
organisms 
“definite” 

20 + 

organisms 

“marked" 

1 and 2 

13 

2.8 

18.0 

4.2 

3 and 4 

15 

1.3 

14.5 

9.2 

5 and 6 

12 

0.8 

9.5 

14.6 

7 and 8 

9 

0.6 

8.6 

j 

15.7 


tested, the distribution of the average number of 
leukocytes according to the number of organisms 
phagocytosed is recorded. It is obvious that, as 
convalescence approaches, there is a definite in- 
crease in the number of cells in the “ marked 
column and a corresponding decrease in the num- 
ber of cells found in both the “ none to slight 
and “ definite ” groups. 
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TABLE U 


The opsono-cyiophagic power oj the blood 
during the course of pertussis 


Patient 

Age 

Week 

of 

cUsease 

Distribution of cells according 
to the number of organisms 
phagocytosed 

0 to 4 
organisms 
“none to 
slight” 

5 to 19 
organisms 
"definite” 

20 + 

i organisms 
“marked” 

Ru 

15 months 

1st 

3 

22 

0 



2nd 

0 

21 

4 



3rd 

0 

0 

25 



4th 

0 

14 

11 



5th 

0 

5 

20 

Br 

18 months 

2nd 

0 

19 

6 



3rd 

1 0 

19 

6 



! 4th 

1 1 

20 

4 



5th 

1 

9 

15 

McStr... 

2 months 

2nd 

0 

23 

2 


I 

5th 

0 

15 

10 


1 

6th 1 

0 

1 

24 



7th 

0 

8 

17 

O’C 

2 years 

3rd 

0 

12 

13 


5th 

3 

14 

8 



6th 

0 

2 

23 



7th 

0 

13 

12 



8th 

0 

3 

22 

Ka 

9 months 

4th 

1 

24 

0 



6th 

1 

3 

21 



7th 

0 

4 

21 

Ho 

6 years 

4th 

0 

10 

15 


Sth 

0 

12 

13 



7th 

0 

3 

22 


TABLE III 


The degree of phagocytosis in relatiortship to the 
history of the disease 


Age 


Distribution of the average 
number of cells according to 
the number of organisms 
phagocytosed 


Table II illustrates a similar increase in the 
phagocytosing power of the blood when tested on 
the same patient during the disease. 

In Table III, the results obtained from study- 
ing a group of 38 infants and children with nega- 
tive histories of the disease are compared with 
those obtained in a group of 30 who gave positive 
histories. It is apparent that, in general, the de- 
gree of phagocytosis is greater in the blood of 
those who had the disease, particularly in those 
under 2 years of age. In the older children (2 to 
IS years) with negative histories, a high degree 
of phagocytosis was often observed. This sug- 
gests that the test is not entirely dependent upon 


TABLE IV 


A comparison of the opsono-cyiophagic reaction of the Mood in 
Vwenty mothers and their newborns in relationship to 
the history of pertussis in the mother 


Name 


Distribution of the polymorphonuclear neutrophiles 
according to the number of organisms phagocytosed 


Mothers 

Newborn 

0 to 4 i 
organ* i 
isms 
“none 
to 1 

Blight” 1 

1 

S to 19 
organ- 
isms 
"defi- 
nite” 

I 

20 + 
organ- 
isms 

“marked” 

0 to 4 
organ- 
isms 
“none 
to 

slight" 

5 to 19 
organ- 
isms 
“deft, 
nite” 

1 

20 + 
organ- 
isms 

"marked” 


POSITIVE HISTORY OF PERTUSSIS 


Si 

0 

2 

1 

23 

0 

4 

21 

McB 

0 

12 

13 

5 

20 

0 

Wa 

1 

10 

14 

0 

17 

8 

Ha 

0 

13 

12 

16 

9 

0 

Er. 

0 

7 

18 

24 

1 

0 

Fe 

0 

4 

21 

2 

6 

17 

Ba 

0 

6 

19 j 

0 

12 j 

13 

Ta 

0 

4 

21 

1 

10 , 

14 

Average 



1 


1 


number of 

0.1 

7.2 

17.6 

6.0 

9.9 

9.1 

cells 





1 



NEGATIVE HISTORY OF PERTUSSIS 




slight” 

nite” 

’ margea 

Sm 

Co 

La 

1 

0 

1 

12 

25 

21 

12 

0 

3 

8 

3 

8 

12 

22 

17 

5 

0 

0 

NEGATIVE HISTORV 

OF PERTUSSIS 







Wa 

0 

2 

23 

10 

15 

0 

6 weeks to 6 months. . . 

8 

8.1 

13.6 

3.2 

Sp 

0 

11 

14 

14 

10 

1 

6 months to 2 years . . . 

16 

3.5 

16.9 

4.6 

SI 

0 

17 

8 

3 

12 

10 

2 to 5 years 

7 

1.7 

11.9 

11.4 

Do 

0 

20 

5 

7 

14 

4 

5 to 15 years 

7 

1.7 

14.3 

9.0 

Fe 

0 

15 

10 

10 

15 

0 






Pe 

2 

17 

6 

18 

7 

0 






Ki. 

0 

20 

5 

li 

14 

0 

POSITIVE HISTORY 

OF PERTUSSIS 


Sh 

2 

22 

1 

6 

19 

0 






Le 

0 

0 

25 

0 

6 

19 

6 weeks to 6 months. . . 

1 

0 

8 

17 








6 months to 2 years . . . 

5 

0.2 

6.2 

18.6 

Average 







2 to 5 years 

4 

1.0 

11.5 

12.5 

number of 

0.5 

15.1 

9.3 

8.1 

13.5 

3.3 

5 to 15 years 

20 

0.2 

8.4 

16.3 

cells 
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specific antibodies, for it is well known that, 
within certain limits, normal opsonins increase 
with age. Moreover, we have observed increased 
titers in the blood of febrile patients, and in pa- 
tients after artificial heat therapy. These results 
probably depend, in part at least, upon a tempo- 
rary increase in the so-called normal opsonins. 
Singer-Brooks and Miller (5) have observed sim- 
ilar results after the administration of nonspecific 
“ respiratory " vaccines. 

In Table IV, results of tests upon 20 mothers 
and their infants during the first 10 days of life 
are shown. It is apparent that, in general, the 
titer of the mother’s blood is greater than that of 
the offspring and that a high titer in the newborn 
is almost invariably associated with a high titer 
in the mother. A high titer in the newborn is al- 
most never associated with a low titer in the 
mother. This suggests that placental transfer of 
the opsonizing antibody occurs. Further investi- 
gation of this finding is in progress. When the 
averages of the cell distribution are compared, it 
is noted that the degree of phagocytosis is greater 
in the bloods of both mother and baby when there 
is a history of the disease in the mother. 


SUMMARY 

The opsono-cytophagic power of the blood in- 
creases during the course of pertussis. It is gen- 
erally greater in those who have had the disease 
than in those who have not. Evidence is pre- 
sented to suggest placental transfer of the anti- 
body in certain instances. 
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In comparison with the general renewal of in- 
terest in vaccine prophylaxis in pertussis, little at- 
tention has been given to passive protection by 
the use of immune blood. There seems to be 
sufficient evidence to indicate that this method is 
effective in the prevention and modification of the 
disease in infants. It is probable that the very 
young infant does not respond well to antigenic 
stimulation. Moreover, in the case of the ex- 
posed infant, the time interval may not permit a 
satisfactory application of active immunization. 
Clinical results obtained by the use of adult im- 
mune serum and convalescent serum in the pre- 
vention of whooping cough, along with a review 
of the literature, have been described (1). In 
this report an attempt to measure the effect of 
these agents in terms of humoral antibodies is 
made. 

Since recent clinical and experimental evidence 
strongly favors H. pertussis as the cause of 
whooping cough, and since definite proof of a 
circulating soluble to^dn in the disease is lacking, 
it is justified to assume that recovery depends to 
a great extent upon phagocytosis. This process 
has long been appreciated as important in the gen- 
eral mechanism whereby the host rids itself of 
infecting bacteria. 

In the past, investigation of humoral immunity 
in pertussis has chiefly concerned agglutinins and 
complement-fixing antibodies. These antibodies 
appear at the beginning of the third week of the 
disease and diminish significantly as convalescence 
reaches the fifth or sixth month. They are 
demonstrable in the blood for a similar period of 

1 This investigation was aided, in part, by a grant from 
the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Association. 

- Working under a grant from the Fluid Research 
Fund of the University of Rochester. 


time following active immunization with H. per- 
tussis vaccine. 

Recent attention has turned to the application 
of the opsono-cytophagic test, suggested by Veitch 
(2), and used by Huddleson et al. (3) in undu- 
lant fever, for studying immune processes in per- 
tussis. As the word implies, this is a test for the 
opsonizing antibody of the serum as well as for 
the phagocytosing power of the leukocytes. 
Whether phagocytosis, as demonstrated by this 
method, is simply another way of studying an 
antibody identical with agglutinins, precipitins 
and complement-fixation substances, depends upon 
one’s interpretation of the Unitarian theory of 
antibodies and is a question which is beyond the 
scope of this report. 

The technique of the test and the materials 
used have been described in the preceding paper 

(4). 

By the use of this test, which is probably not 
an entirely specific reaction, we have observed 
that the degree of phagocytosis of H. pertussis is 
increased in the blood during the course of 
whooping cough. Children who have had the 
disease have shown higher titers than those who 
have not and mothers have had, in general, higher 
titers than have their newborn infants. We have 
likewise collected evidence that suggests placental 
transfer of the opsonizing antibody (4). 

RESULTS 

In Table I, the results obtained by adding im- 
mune adult serum to the whole blood-heparin- 
orgam'sm mixture in each of 11 individuals are 
shown. In these tests 0.05 cc. of the patient’s 
blood obtained from a puncture of the finger tip 
was mixed with 0.05 cc. of heparin (1 to 1000 
dilution in physiological salt solution). To this 
was added 0.05 cc. of the standard antigen (10 
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TABLE I 

The effect of adult immune serum upon phagocytosis of 
IT. pertussis in vitro 


Distribution of polyinorphonuclcar ncutrophilcs accottiing 
to tlio number of organbtma pliagocytoscJ 


P.'itlcnt 

Ago 

Salmo (control] 


Scrum 



Oto-l 
organ- 
isms 
"none to 
slight" 

5 to 10 
organ- 
isms 
"defi- 
nito" 

20-i- or- 
ganisms 
'‘uvirkcd" 

0to4 I 

organ- 
isms 
"none to 
slight" 

5 to 10 
organ- 
isms 
“defi- 
nite" 

20-1; or- 
ganisms 
"marked" 

Su 

18 montbs 

0 

13 

12 

0 

1 

21 

llo 

7 years 

3 

15 

7 

0 

0 

25 

Ed. J 

2 years 

0 

10 

0 

0 

4 

21 

Ed. W.... 

5 years 

0 

IS 

7 

0 

3 

22 

Ro 

Newborn 

0 

14 

11 

0 

0 

10 

Sm 

Newborn 

I 

22 

n 

0 

11 

14 

Ru 

lo months 

3 

22 

0 

0 

3 

oo 

Cl 

4 weeks 

0 

8 

17 

0 

4 

21 

Jo 

Newborn 

7 

0 

0 

5 

10 

10 

Fa 

Newlxjrn 

0 

14 

11 

2 

20 

3 

Ja. 

i 

Newborn 

1 

22 

ri 

0 

15 

10 

Average number of 
cells 

1.4 

15.7 

7.0 

0.0 

7.3 

17.1 


billion organisms per cc. in physiological salt solu- 
tion preserved by a 1 to 10,000 concentration of 
merthiolate) and 0.05 cc. of the immune adult 
serum. This serum was that of adults who had 
previously had the disease in childhood. In the 
controls 0.05 cc. of physiological salt solution was 
substituted for the adult immune serum. It is 
obvious that in all except one instance the number 
of cells exhibiting marked phagocytosis is defi- 
nitely increased as compared with the respective 
saline control. 

Table II shows the results obtained when a 
similar comparison is made between the influence 
of the serum of an individual before, and 48 hours 
after, receiving an intravenous blood transfusion. 
In this experiment, this influence was determined 
upon the leukocytes of two newborn infants in 
each case. The blood of newborn infants was 


TABLE II 


The effect of transfusion upon pluigocylosis of H. pertussis 





Distribution of polymorphonuclear ncutrophilcs according to the number of organisms phagocytosed 





Saline 

Scrum of paUent 

Serum of patient 


Serum of 

Patient 




control 

before transfusion 

after transfusion 


donor 

recciv- 


■KMi 













ing 

Age 

born 





WKM 








trans- 


in- 

0 to 4 

5 to 


0 to 4 



0 to 4 

5 to 


0 to 4 

5 to 


fusion 


fants 

organ- 

19 

20 -i- 

organ- 


20 -i- 


19 

20 -f 

organ- 

19 

20-4 




isms 

organ- 

organ- 

isms 


organ- 

isms 

organ- 

organ- 

isms 

organ- 

organ- 




"none 

isms 

isms 

“none 

isms 

isms 

“none 

isms 

isms 

“none 

isms 

isms 




to 

“defi- 

"marked" 

to 

"defi- 

"marked” 

to 

"defi- 

"marked" 

to 

"defi- 

“marked 




slight" 

nite" 


slight" 

nite" 


slight” 

nite" 


slight" 

nite” 


Cl. 

4 

a 

0 

14 

11 

2 

20 

3 

0 

10 


0 

9 

16 


weeks 

b 

1 

22 

2 

0 

15 

10 

0 

8 

HUl 

0 

11 

14 

St. 

2 

a 

23 

2 

0 

23 

2 

0 

0 

16 

9 

■ 

■ 



years 

b 

6 

17 

2 

6 

16 

3 

0 

20 

5 

■ 

■ 


Sp. 

s 

a 

3 

12 

10 

1 

16 

8 

0 

13 

12 

0 

7 

18 


years 














He. 

8 

a 

3 

19 

3 

6 

19 

0 

Wm 

20 

0 

mu 

■ 



weeks 

b 

5 

20 

0 

13 

12 

0 

RhI 

8 

5 


■ 


Ku. 

2 

a 

3 

18 

4 

13 

12 

0 

3 

22 

0 

mi 

B 



years 

b 

5 

20 

0 

10 

15 

0 

0 

23 

2 

mi 

■ 


D'A. 

12 

a 

8 

8 

9 

0 

10 

15 

1 

■n 

17 

mi 

■ 



months 

b 

23 

2 

0 

13 

10 

2 

7 

■1 

8 

H 

B 


Co. 

18 

a 




10 

12 

3 

11 

10 

4 

10 

7 

8 


months 

b 




19 

5 

1 

5 

11 

9 

17 

6 

2 

Ke. 

6 

a 

9 

16 

0 

2 

23 

0 

3 

21 

1 

5 

14 

6 


years 

b 

7 

17 

1 

0 

25 

0 

0 

23 

2 

1 

17 

/ 

Ca. 



0 

17 

8 

2 

20 

3 

0 

24 

1 

0 

15 








11 

13 

1 

8 

17 

0 

B9i 

24 

U 

Average number 

6.8 

14.5 

3.6 


14.4 

2.9 

3.2 

15.4 

6.3 

9 

12.2 


of cells 





■1 






■1 
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TABLE III 

The effect of intramuscular injection of 20 cc. of adult whole blood upon phagocytosis of II. pertussis 

I Distribulioa of polymorphonuclear neutrophiles according to the number of organisms phagocytosed 


Patient 

receiv- 

ing 

trans- 

fusion 

Age 

i 

1 

i 


Saline 

control 

Serum of patient 
before transfusion 

1 Serum of patient 

1 after transfusion 

Serum of 
donor 

0 to 4 
organ- 
isms 
, “none 
to 

slight" 

5 to 

19 

organ- 
. isms 
“defi- 
1 nite’* 

20 + 
organ- 
isms 

“marked" 

0 to 4 
organ- 
isms 
“none 
to 

slight" 

5 to 

19 

organ- 
i isms 
“defi- 
nite** 

20 + 
organ- 
isms 

“marked” 

1 

0 to 4 
organ- 
isms 
“none 
to 

slight" 

5 to 

19 

organ- 

isms 

“defi- 

nite** 

1 

20 + 
organ- 
isms 

“marked” 

0 to 4 
organ- 
isms 
‘*none 
to 

slight" 

5 to 

19 

organ- 

isms 

“defi- 

nite” 

20 + 
organ- 
isms 

“marked** 

Ru. 

15 

a 

14 

2 

9 

■i 

6 

10 

11 

4 

10 

■i 



1 

months 

b 

0 

2 

23 

u 

3 

8 

7 

3 

1 

IS 




McS. 

2 

a 

8 

12 

5 

11 

14 

0 

5 

16 

4 

B 

18 

6 


months 

1 

1 









B 



Fe. 

12 

a 

2 

22 

1 

0 

23 

2 1 

0 

25 ' 

0 

2 

22 1 

mnm 


months 

b 

7 

18 

0 

2 

22 

1 ! 

2 

21 ! 

2 ! 

1 

0 

24 ! 

■Hi 

DeC. 

18 

a 

3 

21 

1 

0 

20 

5 

0 

25 

0 i 

0 

18 



months 

b 

15 

10 

0 

16 

9 

0 

3 

21 

1 1 

1 

0 

24 

1 

i 

Ta. 

3 

a 

4 

20 

1 

0 

13 

12 

1 

17 

7 

0 

12 

13 


years 

b 

17 

8 

0 

2 

17 

6 

1 

9 

15 

0 

15 

10 

Average number 

torn 

12.7 

4.4 

6.0 

14.1 

4.9 

3.3 

15.7 

6.0 1 

0.4 

19.0 

5.6 

of cells 


m 













selected in order to eliminate the possibility of the 
effect of an unrecognized attack of pertussis, and 
because it was easier to obtain low titers as con- 
trols. Tests of the effect of the addition of nor- 
mal saline as well as of the donor’s serum are in- 
cluded for comparison. 

It is evident that serum taken after the trans- 
fusion stimulated the leukocytes of the newborn 
infant to a greater degree of phagocytosis than 
did the serum taken before the transfusion. The 
donor in each instance was a parent whose history 
of having had the disease was not determined. 
The amount of blood given in each case was ap- 
proximately 10 cc. per kilogram of body weight. 

In Table III, the effects of serum samples taken 
before and after the intramuscular injection of 
20 cc. of whole blood into each of 5 infants is 
recorded. The donor in each instance was a 
parent whose history of the disease was not 
known. While the effect upon phagocytosis is 
not as marked as in the case of those receiving 
transfusions, it is apparent that a definite increase 
has occurred. 

Table IV includes results obtained by the intra- 
muscular injection of 10 cc. of hyper-immune hu- 
man serum. In this experiment the whole blood 


TABLE IV 

The effect of the intramuscular injection of 10 cc. of hyper- 
immune adult serum upon phagocytosis of H. pertussis 


Distribution of polymorphonuclear neutrophiles accortUng 
to the number of organisms phagocytosed 




Before biection 

After Iniection 

Patient 

Age 

0to4 
organ- 
isms 
"none to 
slight” 

5 to 19 
organ- 
isms 
“defi- 
nite” 

20+ or- 
gamsms 
“marked” 

0to4 
organ- 
isms 
“none to 
slight” 

5 to 19 
organ- 
isms 
“defi- 
nite” 

20+ or- 
ganisms 
“marked* 

Fa. 

Smooths 

0 

21 

4 

0 

21 

4 

Cr. 

10 mooths 

10 

15 

0 

0 

25 

0 

Ta. 

18 mooths 

I 

18 

6 . 

0 

13 

12 

St 

2 years 

0 

4 

21 

0 

15 

JO 

Br. 

9 months 

0 

19 

6 

0 

19 

6 

Fo 

Svrecka 

5 

20 

0 

5 

19 

1 

Mca 

2 mooths 

5 

18 

2 

0 

21 

4 

ML 

Kewborn 

10 

15 

0 

4 

21 

0 

Mik 

Kewbom 

19 

6 

0 

•>'> 

3 

0 

Ro 

Kewborn 

2 

21 

of 

7 

18 

0 

VI 

Newborn 

14 

U 

0 

9 

U 

2 

Er. 

Newborn 

10 

15 

0 

0 

25 

0 

£c. 

Newborn 

19 

4 

2 

0 

15 

10 

Average number of 
cells 

7.3 

14.4 

3.3 

3.5 

17.0 

3.3 


of the recipient before and after receiving the in- 
jection was tested directly. The hyper-immune 
serum was prepared by immunizing nonnal young 
adults by three weekly injections of Phase I H. 
pertussis antigen, each injection representing five 
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billion organisms. The donor was bled two 
weeks after the final injection, the serum har- 
vested and preserved by the addition of 0.25 per 
cent tricresol. Kendrick (5) has reported excel- 
lent prophylactic results from the use of similar 
serum in exposed infants. The increase in 
phagocytosis brought about by this serum is not 
as great as that produced by transfusion, but con- 
sists chiefly in a shift from “ none to slight to 
“ definite.” 

The effect of injecting 10 cc. of placental ex- 
tract was studied in 3 infants and, as shown in 
Table V, a definite increase in the phagocytic 

TABLE V 

The effect of inlramuscnlar injection of 10 cc. of placental 
extract upon phagocytosis of H. pertussis 


Distribution of polymorphonuclear ncutrophilcs 
according to the number of organisms phagocytosed 


Pa- 

tient 


Before injection j 

After injection 

Age 

0 to 4 
organ- 
isms 
“none 
to 

siight" 

S to 19 
organ- 
isms 
“dea- 
nite" 

20 -f 

organisms 

"marked" 

0 to 4 
organ- 
isms 
“none 
to 

slight" 

S to 19 
organ- 
isms 
"dea- 
nite" 

20 + 

organisms 

"marked" 

McS. 

months 

2 

0 

14 

11 

1 

7 

17 

So... .' 

3 

2 

13 

10 

0 

8 

17 

Ka... 

9 

t 

24 

0 

0 

IS 

10 

Mi.*. 

2 

5 

16 

4 

0 

8 

17 


* Received 20 cc. immune rabbit serum. 


power of the blood resulted. In 1 infant, who 
received 20 cc. of immune rabbit serum, a similar 
response occurred. This immune rabbit serum 
was prepared by injecting rabbits intravenously 
with H. pertussis vaccine made from Phase I or- 
ganisms; standardized to contain ten billion or- 
ganisms per cc., and killed with merthiolate (1 to 
10,000). Three weekly injections of 0.5 cc., 1.0 
cc., and 1.5 cc. of the vaccine were given, arid the 
rabbit was bled ttin4ays after the last injection. 
The serum was separated and preserved by the 
addition of 0.25 per cent tricresol. 


SUMMARY 

The opsono-cytophagic reaction of the blood 
has been used to test the effect of the injection of 
immune blood in pertussis. 

In 10 of a group of 11 infants and young cliil- 
dren, the blood in each instance showed a marked 
increase in phagocytic power against H. pertussis, 
when a small amount of adult immune serum was 
added. 

In a group of 9 infants, the degree of phago- 
cytosis was definitely increased as a result of in- 
travenous blood transfusions. 

In 5 infants who received 20 cc. of adult im- 
mune blood, and in 13 infants who received lO'Ce. 
of hyper-immune human serum intramuscularly, 
there was definite but less striking increase in 
phagocytosis. 

Placental extract injected intramuscularly into 
3 infants in dosages of 10 cc. produced a definite 
increase in the phagocytic power of the blood. A 
similar result was obtained when 1 infant was in- 
jected with 20 cc. of immune rabbit serum. 
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THE BISULPHITE BINDING POWER OF THE BLOOD IN HEALTH 
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(Received for publication May 4, 1937) 


There is increasing evidence that the biological 
function of vitamin is concerned with oxi- 
dative processes in the living organism. In stud- 
ies of oxygen utilization by manometric methods, 
Peters and his coworkers (1, 2) have shown that 
there is increased oxygen uptake by deficient brain 
and kidney tissues in vitro following the addition 
of vitamin Bj^. In the same laboratory Thompson 
and Johnson (3, 4) found increased amounts of 
carbonyl compounds in the blood of Bj avitamin- 
otic pigeons and rats. Clinical confirmation has 
recently been given these experimental findings by 
Platt and Lu (5), who reported marked increases 
in the carbonyl compounds in the blood of patients 
with acute beriberi in the Orient. 

These authors measured the carbonyl com- 
pounds by means of the bisulphite binding power 
of the blood. Pyruvic acid has received most at- 
tention, chiefly through the emphasis given to it 
by Peters et al. (2). Thompson and Johnson con- 
cluded that the major portion of the increase in 
bisulphite binding substances (B.B.S.) in the 
blood of pigeons and rats severely deficient in 
vitamin was due to pyruvic acid. On the other 
hand, Sherman and Elvehjem (6) found no in- 
^ crease in the B.B.S. in the blood of chickens defi- 
cient in vitamin Bj, but did find that these birds, 
in contrast to normal birds, showed a sharp rise 
in blood B.B.S. after the intravenous injection of 
sodium pyruvate. Platt and Lu in a recent report 
(7) state that the increases in B.B.S. in the blood 
of fulminating cases of beriberi are due mainly to 
pyruvic acid. 

For 2 years an investigation has been in prog- 
ress in this laboratory on patients with symptoms 
and signs of vitamin B^ deficiency closely resem- 
bling those seen in oriental “wet" beriberi (8, 

^ This investigation was aided in part by a grant from 
the Josiah ^lacy, Jr, Foundation. 


9) . The present study of the B.B,S. in the blood 
was undertaken in order (f) to throw further 
light on the relationship of these cases of vitamin 
B^ deficiency to those reported in other parts of 
the world ; (2) to relate the B.B.S. in the blood to 
clinical and laboratory findings in various medical 
diseases in order to determine the factors which 
influence the B.B.S.; and (2) to ascertain the 
diagnostic and prognostic value of measurements 
of the B.B.S. in the blood. 

SELECTION OF CASES 

The present communication reports the findings 
in a group of 174 persons, consisting of 30 nor- 
mal subjects and 144 patients. The control sub- 
jects were members of the hospital staff and were 
free from any evidence of disturbed metabolism, 
infection or vitamin deficiency. The patients 
were chosen from the medical wards of this hos- 
pital and were predominantly persons with meta- 
bolic disturbances, including vitamin B^ deficiency. 
An additional group of patients was selected in 
order to determine the role of certain diseases 
which frequently complicate vitamin B^ deficiency, 
such as alcoholism. 

The distribution of the patients is shown in 
Table I. In assigning a patient to the group with 

TABLE I 

Distribution of cases 


Principal diagnosis 


Number of 
cases 


Organic heart disease 35 

Probable vitamin Bi deficiency 28 

Infectious diseases 17 

Diabetes mellitus 13 

Nephritis 10 

Alcoholism 8 

Liver disease 8 

Pregnancy 6 

Neoplasms 5 

Miscellaneous diseases 14 
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billion organisms. The donor was bled two 
weeks after the final injection, the serum har- 
vested and preserved by the addition of 0.25 per 
cent tricresol. Kendrick (5) has reported excel- 
lent prophylactic results from the use of similar 
serum in exposed infants. The increase in 
phagocytosis brought about by this serum is not 
as great as that produced by transfusion, but con- 
sists chiefly in a shift from “ none to slight " to 
“ definite." 

The effect of injecting 10 cc. of placental ex- 
tract was studied in 3 infants and, as shown in 
Table V, a definite increase in the phagocytic 

TABLE V 

The effect of intramuscular injection of 10 cc. of placental 
extract upon phagocytosis of H. pertussis 


Distribution of polymorplionuclear neutrophites 
according to the number of organisms ptiagocytoscd 


Pa- 

tient 


Before injection 

After injection 

Age 

0 to 4 
organ- 
isms 
"none 
to 

slight" 

S to 19 
organ- 
isms 
"de6. 
nite" 

20 -t- 

organisms 

"marked" 

0 to 4 
organ- 
isms 
**none 
to 

slight" 

5 to 19 
organ- 
isms 
"defi- 
nite" 

20 -f- 

organisms 

"marked" 

McS. 

months 

2 

0 

14 

11 

1 

7 

17 

So.... 

3 

2 

13 

10 

0 

8 

17 

Ka... 

9 

1 

24 

0 

0 

15 

10 

Mi.*. 

2 

5 

16 

4 

0 

8 

17 


* Received 20 cc. immune rabbit serum. 


power of the blood resulted. In 1 infant, who 
received 20 cc. of immune rabbit serum, a similar 
response occurred. This immune rabbit serum 
was prepared by injecting rabbits intravenously 
with H. pertussis vaccine made from Phase I or- 
ganisms; standardized to contain ten billion or- 
ganisms per cc., and killed with merthiolate (1 to 
10,000). Three weekly injections of 0.5 cc., 1.0 
cc., and 1.5 cc. of the vaccine were given, arid the 
rabbit was bled ttin »days after the last injection. 
The serum was separated and preserved by the 
addition of 0.25 per cent tricresol. 


SUMMARY 

The opsono-cytophagic reaction of the blood 
has been used to test the effect of the injection of 
immune blood in pertussis. 

In 10 of a group of 11 infants and young chil- 
dren, the blood in each instance showed a marked 
increase in phagocytic power against H. pertussis, 
when a small amount of adult immune serum was 
added. 

In a group of 9 infants, the degree of phago- 
cytosis was definitely increased as a result of in- 
travenous blood transfusions. 

In 5 infants who received 20 cc. of adult im- 
mune blood, and in 13 infants who received 10- cc. 
of hyper-immune human serum intramuscularly, 
there was definite but less striking increase in 
phagocytosis. 

Placental extract injected intramuscularly into 
3 infants in dosages of 10 cc. produced a definite 
increase in the phagocytic power of the blood. A 
similar result was obtained when 1 infant was in- 
jected with 20 cc. of immune rabbit serum. 
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There is increasing evidence that the biological 
function of vitamin Bj is concerned with oxi- 
dative processes in the living organism. In stud- 
ies of oxygen utilization by manometric methods, 
Peters and his coworkers (1, 2) have shown that 
there is increased oxygen uptake by deficient brain 
and kidney tissues in vitro following the addition 
of vitamin Bj. In the same laboratory Thompson 
and Johnson (3, 4) found increased amounts of 
carbonyl compounds in the blood of B^ avitamin- 
otic pigeons and rats. Clinical confirmation has 
recently been given these experimental findings by 
Platt and Lu (5), who reported marked increases 
in the carbonyl compounds in the blood of patients 
with acute beriberi in the Orient. 

These authors measured the carbonyl com- 
pounds by means of the bisulphite binding power 
of the blood. Pyruvic acid has received most at- 
tention, chiefly through the emphasis given to it 
by Peters et al. (2). Thompson and Johnson con- 
cluded that the major portion of the increase in 
bisulphite binding substances (B.B.S.) in the 
blood of pigeons and rats severely deficient in 
vitamin was due to pyruvic acid. On the other 
hand, Sherman and Elvehjem (6) found no in- 
crease in the B.B.S. in the blood of chickens defi- 
cient in vitamin Bj, but did find that these birds, 
in contrast to normal birds, showed a sharp rise 
in blood B.B.S. after the intravenous injection of 
sodium pyruvate. Platt and Lu in a recent report 
(7) state that the increases in B.B.S. in the blood 
of fulminating cases of beriberi are due mainly to 
pyruvic acid. 

For 2 years an investigation has been in prog- 
ress in this laboratory on patients with symptoms 
and signs of vitamin B^ deficiency closely resem- 
bling those seen in oriental “ wet ” beriberi (8, 

^ This investigation was aided in part by a grant from 
the Josiah Macy, Jr. Foundation. 


9) , The present study of the B.B.S. in the blood 
was undertaken in order (i) to throw further 
light on the relationship of these cases of vitamin 
Bj deficiency to those reported in other parts of 
the world; (2) to relate the B.B.S. in the blood to 
clinical and laboratory findings in various medical 
diseases in order to determine the factors which 
influence the B.B.S.; and (J) to ascertain the 
diagnostic and prognostic value of measurements 
of the B.B.S. in the blood. 

SELECTION OF CASES 

The present communication reports the findings 
in a group of 174 persons, consisting of 30 nor- 
mal subjects and 144 patients. The control sub- 
jects were members of the hospital staff and ^yere 
free from any evidence of disturbed metabolism, 
infection or vitamin deficiency. The patients 
were chosen from the medical wards of this hos- 
pital and were predominantly persons with meta- 
bolic disturbances, including vitamin Bj deficiency. 
An additional group of patients was selected in 
order to determine the role of certain diseases 
which frequently complicate vitamin B^ deficiency, 
such as alcoholism. 

The distribution of the patients is shown m 
Table I. In assigning a patient to the group with 


TABLE I 

Distribution of cases 

Number of 

Principal diagnosis <=»es 

Organic heart disease • • • ■. \o 

Probable vitamin Bj defiaency 

Infectious diseases 

Diabetes mellitus jq 

Nephritis g 

Alcoholism g 

Liver disease g 

Pregnancy 5 

Neoplasms . . . ■ j ^ 

Miscellaneous diseases 
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probable vitamin deficiency, the presence of 
one or more of the following clinical criteria was 
required in addition to a history of a diet grossly 
deficient in vitamin and improvement after 
vitamin B^ therapy: peripheral polyneuritis, pel- 
lagra, Korsakoff type of psychosis, congestive 
failure of the circulation without any other ade- 
quate explanation than vitamin Bj^ deficiency, or 
polyavitaminosis with malnutrition. It is appre- 
ciated that such a classification is not rigidly ac- 
curate as the criteria used depend largely on the 
interpretation of history and physical findings. 
Furthermore, it is recognized that the patients in 
this group usually suffered from a deficiency not 
only of Bi but also of the other fractions of the 
vitamin B complex as well as a deficiency of other 
vitamins. Because of the frequent association in 
this hospital of chronic alcoholism with avitamino- 
sis, a relatively large number of alcoholic patients 
were included. 

Certain patients were treated during the period 
of observation with the specific therapy required 
for their condition. In such cases repeated ob- 
servations were usually made both before treat- 
ment (Part A of the tables) and after treatment 
(Part B). Attention is called to these cases by 
means of an asterisk. Because of lack of space 
only one series of observations before and one 
series after treatment are presented. 

METHODS 

Blood was taken from patients fasting and at rest and 
delivered into bottles containing dry potassium oxalate. 
Duplicate samples were analyzed without delay. 

Bisulphite binding power. Slight modifications were 
made in the method of Clift and Cook (10) in order to 
adapt it to whole blood determinations. Five ml. of 
oxalated blood were precipitated with 20 ml. of 10 per 
cent trichloracetic acid, allowed to stand 30 minutes and 
centrifuged. The clear supernatant fluid was removed 
from the precipitated protein. Determinations were made 
immediately, although it was found that the protein-free 
filtrate might be kept in the ice chest overnight without 
change in bisulphite binding power. 

Five ml. aliquots of the supernatant fluid were ad- 
justed to pH 2 by the addition of 1.5 ml. of normal 
sodium hydroxide, and allowed to react for at least 15 
minutes with 0.2 ml. of saturated sodium bisulphite solu- 
tion. Accurate control of the pH is not essential, but the 
alkalinity should not be permitted to rise above pH 4. 

The solution was then diluted with 25 ml. of distilled 
water, 2 ml. of freshly prepared 1 per cent starch solu- 


tion added, and the excess of bisulphite titrated out, first 
using normal and N/10 iodine solutions and finally ad- 
justing the end point with N/200 iodine and N/lOO thio- 
sulphate solutions. The volume at the end of this part 
of the procedure should be approximately 65 ml. The 
preliminary dilution prevents the formation of a yellow- 
ish compound, probably an iodate-iodine combination, 
which may cause high results. At pH 2 the reactions 
of iodine and thiosulphate solutions proceed more slowly 
than when the solutions are acid with 6 N hydrochloric 
acid, as is usual in iodimetry. For this reason the titra- 
tion of excess bisulphite must be done slowly; otherwise 
some thiosulphate remains unchanged and increases the 
bound bisulphite titer. 

The bound bisulphite is then released by the addition 
of 2 grams of solid disodium phosphate (NajHPO,T2 
H-O), mixing for 5 minutes by rotation to avoid aera- 
tion. The released bisulphite is then titrated with N/200 
iodine solution. The end point chosen is that at which a 
definite blue color persists for 30 seconds. Blanks are 
run on the reagents and these may be used as reference 
solutions for the end point. The bisulphite binding power 
is expressed as milligrams of pyruvic acid, using the 
equation : 1 ml. N/200 iodine solution = 0.22 mgm. 
pyruvic acid. 

The N/200 iodine solution should be standardized 
once a week, and when many determinations are being 
run the burette should be refilled with fresh iodine solu- 
tion every hour. 

Blood sugar and nonprotein nitrogen were determined 
by the method of Folin (11), plasma proteins by a modi- 
fication of the Howe procedure (12, 13) and carbon di- 
oxide capacity by the method of Van Slyke (14). Urines 
were examined for acetone and diacetic acid by the rou- 
tine clinical tests, and in addition for pyruvic acid by a 
modification (15) of the Simon-Piaux method, 

RESULTS 

The bisulphite binding power of the blood in 
the normal subjects ranged from 3.7 to 5.8 mgm. 
per 100 ml. of whole blood, with an average of 
4.7 mgm. It has been arbitrarily decided to con- 
sider all values above 6 mgm. per 100 ml. as in- 
creased, and values below 3.5 mgm. per 100 ml. as 
decreased. 

Table II gives the diseases in which an increase 
in the B.B.S. in the blood was found, and the in- 
cidence of increased B.B.S. in each condition. In 
addition to these diseases, the bisulphite binding 
power of the blood was found increased in seven 
other conditions, with only one example of each. 
This group included chronic vomiting, therapeu- 
tically induced ketosis in epilepsy, bichloride poi- 
soning with nitrogen retention, acute hepatitis 
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TABLE 11 

Diseases with increased B.B.S. in the blood 


Diagnosis 

Number 

Number 

with 

B.B.S. (as pynivic add) 

of cases 

elevated 

B.B.S. 

Minimum 

Maximum 

Average 

Organic heart disease fdernmpensated) : 

19 

10 

mgm» per 100 mU 

4,2 

mgm. per 100 ml, 
8.2 

mgm, per 100 ml, 
6.2 

Vitamin Bi deficiency (untreated) 

23 

18 

4.6 

51.9 

12.1 

Infectious diseases (febrile) 

9 

6 

3.7 

9.2 

6.3 

Diabetes with acidosis 

7 

7 

6.8 ] 

109.2 

38.6 

Nephrosclerosis 

4 

2 

3.7 { 

7.8 

5.7 





with fever, Hodgkin’s disease complicated by 
chronic nephrosclerosis, diabetes mellitus com- 
plicated by arteriosclerosis, pericarditis and ne- 
phritis, and pancreatitis complicated by vomiting, 
myocarditis and nephritis. 

Table III. presents the findings in conditions in 
which no increase in the B.B.S. in the blood oc- 


The relatmiship of the bisulphite binding power 
of the blood to vitamin deficiency 
and to alcoholism 

Table IV-A presents the data on 23 cases of 
probable vitamin B^ deficiency observed before 
treatment. The cases are arranged in order of 
severity as determined by clinical observation. 


TABLE III 

Conditions with no increase in B.B.S. in the blood 


Diagnosis 

Number of 

B.B.S. (as pyruvic acid) 

cases 

Minimum 

Maximum 

Average 

No disease 

30 

mgm. per 100 ml, 

3.7 

mgm, per 100 ml, 

5.8 

mgm, per 100 ml, 

4.7 

Organic heart disease (compensated) *. 

19 

3.0 

5.7 

4.2 

Vitamin Bi deficiency (treated) * 

14 

2.9 

5.8 

4.5 

Infectious diseases (afebrile) * 

12 

3.7 

5.2 

4.4 

Diabetes mellitus (regulated) * 

10 

3.1 

5.8 

4.8 

Liver disease 

8 

2.5 

4.8 

4.1 

Pregnancy 

6 

3.4 

4.2 

3.7 

Glomerulonephritis 

5 

4.9 

5.8 

5.3 

Neoplasms 

5 

4.4 

5.5 

S.O 

Acute alcoholism 

4 

4.0 

5.3 

4.7 

Chronic alcoholism 

4 

4.7 

5.0 

4.9 

Severe anemia 

2 

3.0 

3.4 

3.2 

Senility 

2 

3.6 

4.8 

4.2 




* This group includes certain cases appearing in Table II which, subsequent to treatment, showed no elevation of 
B.B.S. in the blood. 


curred. In addition, the B.B.S. was not increased 
in 1 case each of hyperthyroidism, starvation, 
nephrosis, and hypoproteinemia associated with 
chronic colitis. 

From such a selection of cases no conclusions 
can be drawn concerning the incidence of in- 
creased B.B.S. in medical diseases. The frequent 
association of certain of the diseases studied with 
an increase in the B.B.S. in the blood, neverthe- 
less, requires further scrutiny. 


Cases 1 to 8, inclusive, were regarded as severe, if 
not “ fulminating,” and were characterized by 
marked congestive failure of the drculation with 
massive edema, as well as by varying degrees of 
peripheral neuritis and psychosis. It will be seen 
that there was no uniform relationship between 
the clinical severity of the disease and the amount 
of the B.B.S. in the blood. Nevertheless 17, or 
74 per cent, of the untreated group had an in- 
crease in the B.B.S. This is in striking contrast 
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TABLE IV 

Cases with vitamin Bi deficiency 
(Arranged in order of severity of symptoms) 


Case 


Age 

Time of 
test 
(day in 
hospi- 
tal) 

B.B.S. 
(as pyru- 
vic acid) 

Non- 

protein 

nitrogen 

COj 

1 

Blood 

sugar 

Urine analysis | 


ber 


capac- 

ity 

1 

Acetone 

Dl- 

acctic 

Py- 

ruvic 

Sugar 

Course 



years 


«ism. per 
100 ml. 

mgw. per 
100 ml. 

volumes 
per cent 

mgm. per 
100 ml. 







A. UNTIUiATED CASES 


1 

M. 

43 

1 

13.9 

80 

47 

103 

0 

0 

Trace 

0 

Died 

2 

M. 

49 

4 

9.6 

82 

49 

132 

0 

0 

0 

0 

Improved 

3 

M. 

35 

3 

li.6 

30t 

45 


-f + 

0 

0 

0 

Improved 

4 

M. 

60 

5 

8.3 

32t 

75 

122 

+ 

0 

4- 

0 

Improved 

5 

F. 

52 

16 

7.0 

28t 

60 


0 

0 

0 

0 

Died 

6 

M. 

69 

4 

2.8 

26t 



0 

0 


0 

Improved 

7 

M. 

42 

6 

4.6 

32 



0 



0 

Died 

8 

M. 

69 

3 

7.3 

23 



0 

0 


0 

Improved 

9 

F. 

55 

3 

8.4 

38t 



0 

0 


+ 

Died 

10 

F. 

38 

3 

7.1 

32 



0 

0 


4“ 

Improved 

11 

M. 

43 


4.0 

33 

63 

93 

0 

0 

0 

0 

Improved 

12 

M. 

48 


6.3 

39t 

61 


0 

0 

0 

0 

Improved 

13 

M. 

42 


8.1 

44 



0 



0 

Improved 

14 

M. 

51 


5.8 

43 



0 



0 

Improved 

15 

M. 

60 

1 

13.7 


57 

109 

++ 

0 

rfc 

Trace 

Improved 

16 

F. 

29 

3 

51.9 

19 

59 

80t 

zh 

0 

+ 

0 

Improved 

17 

M. 

47 

2 

50.8 

45 


232 

0 



0 

Improved 

18 

M. 

36 

3 

7.9 

36 

61 

99 

0 

0 

' 0 

0 

Improved 

19 

M. 

46 

2 

15.1 

37 

70 

124 

++++ 

0 

+ 

+ 

Improved 

20 

M. 

36 

2 

11.0 

23t 

65 


”}* "f" “}“ 

0 

0 

Trace 

Improved 

21 

M. 

37 

2 

7.3 

22 

52 

153 

-fi-i — 1- + 

0 

+ 

Trace 

Improved 

22 

M. 

56 

2 

5.1 

50 



0 



0 

Improved 

23 

M. 

41 

6 

4.9 

25 







Improved 


B. TREATED CASES 














Treatment 

2* 

M. 

49 


5.6 

50t 

60 

93 

0 

0 

0 

0 

Crystalline vitamin Bi, 2 days 

3* 

M. 

35 


5.8 

27t 

61 

1 

dh 

0 

0 

0 

Crystalline vitamin Bi, 2 days 

4* 

M. 

60 


4.7 

37t 

60 

1 

± 

0 

0 

0 

Crystalline vitamin Bi, 2 days 

6* 

M. 

69 


3.2 

29 







Crystalline vitamin Bi, 1 day 

8* 

M. 

69 

23 

3.5 

33 



0 

0 


0 

High vitamin diet, 2 weeks 

11* 

M. 

43 

16 

5.0 


65 

87 

0 

0 

0 

0 

Crystalline vitamin Bi, 4 days 

12* 

M. 

48 


4.1 


58 

93 

0 

0 

0 

0 

Crystalline vitaminBi.lday 

16* 

F. 

29 


3.9 

28 

65 


0 

0 

0 

Trace 

Extract vitamin Bi, 3 days 

19* 

M. 

46 


3.8 

33 

59 

92 

0 

0 

0 

0 

' Crystalline vitamin Bi, 5 days 

24 

F. 

29 

60 

2.9 

31 







Extract vitamin Bj, 1 month 

25 

M. 

45 

6 

5.0 

37 







Extract vitamin Bi, 1 day 

26 

F. 

29 

7 

4.8 

33 



0 

0 

0 

0 

High vitamin diet, 3 days 

27 

M. 

45 

7 

4.8 

34 

54 

97 

0 

0 

0 

0 

Extract vitamin Bi, 2 days 

28 

M. 

52 

3 

5.0 

12t 

61 


0 

0 

0 

0 

High vitamin diet, 3 months 


* These cases appear in section A of this table. The other cases received treatment before any observations were 
made. 

t Determination on plasma. 


to a group of the same and similar patients who 
after vitamin therapy (Table IV-B) had 
consistently normal B.B.S. in the blood. 

Because all but one of the deficient patients 
(Case 9) were also alcoholic, it was necessary to 
determine the effect, if any, of alcohol per se on 
the B.B.S. A control group of 8 cases was 


selected, 4 with acute alcoholism (in coma) and 
4 with chronic alcoholism without signs or symp- 
toms of vitamin deficiency and without manifesta- 
tions of acute alcoholic intoxication (Table V). 
In no instance was there an increase in the B.B.S. 
in the blood. This finding and the fact that the 
cases of chronic alcoholism and vitamin Bj defi- 
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ciency showed a prompt return of the B.B.S. to 
normal after crystalline vitamin B^ therapy (Ta- 
ble IV-B) indicate that the increase in the 
B.B.S. in these cases is related to the vitamin defi- 
ciency and not directly to the chemical or physio- 
logical effects of alcohol. 

The increase in the B.B.S. in the blood was not 
the only evidence of abnormal metabolism in the 


cases of vitamin Bj deficiency. The fasting blood 
sugar was increased in 4 cases (Table IV-A), 
but returned to normal after treatment with crys- 
talline vitamin B^ or adequate diet. Moreover, 
sugar, acetone, diacetic acid and pyruvic acid were 
found in the urine of several patients before treat- 
ment, but were rarely present after vitamin ther- 
apy. 


TABLE V 

Cases with alcoholism without vitamin Bi deficiency 


Case number 

Sex 

Age 

Time of test 
(day in 
hospital) 

Type 

B.B.S. (as pyruvic add) 

Nonprotein nitrogen 

29 

M. 

years 

32 

1 

Acute 

mint, per IQO ml. 

4.2 

mgm, per 100 ml. 

30 

M. 

32 

1 

Acute 

5.3 


31 

M. 

30 

I 

Acute 

5.2 


32 

M. 

35 

1 

Acute 

4.0 


33 

M. 

45 

3 

Chronic 

4.7 

48 

34 

M. 

38 

3 

Chronic 

4.8 

38 

35 

M. 

51 

3 

Chronic 

4.9 

32 

36 

M. 

67 

S 

Chronic 

5.0 

41 


TABLE VI 

Cases with diabetes mellitus 
(Arranged in order of severity of symptoms) 


Case 

num- 

ber 

Sex 

Age 

Time of 
test (day in 
hospital) 

B.B.S. 

(aa pyruvic 
add) 

Non- 

protein 

nitrogen 

COscapadty 

Blood sugar 

Urine analysis 

Acetone 

Diacetic 

Pyruvic 

Sugar 


1 

! 

years 


mgm. per 
100 ml. 

mgm, per 
100 ml. 

volumes 
per cent 

mgm, per 
100 ml. 






A. UNREGULATED CASES 


36 

37 

38 

39 

40 

41 

42 

F. 

F. 

F. 

M. 

F. 

F. 

F. 

60 

14 

17 

34 

SO 

55 

65 

■ 

109.2 

63.9 

37.7 

33.2 

11.0 

8.4 

6.8 

64 

77 

24 

46 

46 

46 

22 

29 

23 

23 

60 

471 

187 

293 

292 

274 

305 

286 

+ + + + 

+ + + + 

+ 

d — 1-++ 

+ + 

++ + 

Trace 

Trace 

0 

0 

0 

Trace 

+ 

0 

+ 

+ 

++ 

+ 

+++ 

++++ 

+ 

+++ 

+ 






B. 

REGULATED 

CASES 





37* 

F. 

14 

35 

4.3 

30 

62 

147 

0 

0 

0 

0 

38* 

F. 

17 

13 

4.9 


69 

48 

0 

0 

0 

0 

39* 

M. 

34 

16 

5.0 

29 


203 

0 

0 

0 

4" 

41* 

F. 

55 

7 

5.2 


64 

199 

0 

0 

0 

0 

43 

F. 

53 

34 

5.1 


62 


Trace 

0 

0 

+ 

44 

F. 

56 

20 

5.6 

31 


175 

0 

0 


+ 

45 

F. 

52 

2 

5.3 

31 

61 

212 

0 

0 

0 

4" 

46 

M. 

14 

12 

4.4 

39 


164 

0 

0 

0 

+ 

47 

F. 

39 

5 

3.1 

30 


164 

0 



+ 

48 

M. 

51 

2 

5.8 

16 

61 

242 

Trace 

0 

0 

4- 


* These cases appear in section A of this table. Under treatment, they became regulated. 
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The bisulphite binding power of the blood in con- 
ditions other than vitamin deficiency 

Diabetes mellitus. Table VI presents the data 
on: (A) “unregulated” diabetic patients and 
(B) “regulated” diabetic patients. Cases in the 
“ unregulated ” group showed elevated sugar and 
lowered carbon dioxide capacity of the blood, and 


sugar, acetone and diacetic acid in the urine. 
Cases in the “ regulated ” group at times had ele- 
vation of the blood sugar, but it was not accom- 
panied by acidosis or ketosis. 

Certain points emerge from a comparison of the 
two groups. In the unregulated patients there 
was an increase in the B.B.S. in the blood, which 


TABLE VII 


Cases with organic heart disease 
(Arranged in order of severity of symptoms) 


Ji 

Case 

num- 

ber 

s« 

Age 

Type of 
heart 
disease t 

Time of 
test (day in 
hospital) 

B.B.S. 

(as pyruvic 
acid) 

Non- 

protein 

nitrogen 

Urine analysis 

i 

Course 

1 Ace- 
! tone 

1 

Di- 

acetic 

Py- 

ruvic 



years 



tnsin. per 100 ml. 

1 mem. per 100 ml. 






A. DECOMPENSATED CASES 


49 



C. T. 

3 

6.6 

50 




Died 

50 



C. T. 

5 

8.2 

211 




Died 

51 


S3 

R. 

3 

7.9 

35 

0 



Died 

52 

M. 

60 

L. 

49 

4.2 

40 

0 

0 

0 

Died 

S3 

M. 

59 

R. 

7 

6.6 

49 

0 

0 


Died 

54 

M. 

66 

C. T. 

5 

5.9 

48 

0 



Died 

55 

F. 

42 

R. 

3 

5.6 

88 

0 

0 


Died 

56 

M. 

48 

A. C. 

28 

6.3 

39 




Died 

57 

Kn 

57 

H.A. 

2 

7.5 

43 

0 



Improved 

58 


63 

A. 

2 

5.8 

43 




Improved 

59 

Era 

55 

H. 

2 

5.6 

48 

0 



Improved 

60 

ESh 

69 

H. A, 

3 

5.0 

32 




Improved 

61 

M. 

43 

R. 

24 

7.2 

35 

0 

0 

0 

Improved 

62 

M. 

56 

H.C. 

50 

5.0 

27 




Improved , 

63 

M. 

56 

R. 

6 

7.5 

37 

0 



Improved 

64 

M. 

63 

P T 

2 

5.7 

87 




Improved 

65 

M. 

54 

c. 

19 

4.2 

37 




Improved 

66 

F. 

65 

H.A. 

18 

6.9 

80 

0 



Improved 

67 

M. 

52 

C. 

4 

6.5 

38 

0 



Improved 


B. COMPENSATED CASES 


68 

69 

70 
•71 

72 

73 
57* 
63* 

74 

75 

76 

77 

78 

79 

80 
81 
82 
67* 
83 


F. 

36 

R. 

6 

3.4 

36 

0 



M. 

62 

A. C. 

21 

3.1 

37 




F. 

71 

H.A. 

4 

5.7 

50 

0 



M. 

73 

H.A. 

5 

3.0 

62 

0 

0 


M. 

40 

R. 

20 

4.0 

32 

0 



M. 

75 

A. 

4 

3.7 

39 




M. 

57 

H.A. 

30 

4.5 

33 

0 



M. 

56 

R. 

30 

3.7 

38 

0 

0 

0 

M. 

36 

C. 

13 

3.3 

37 




M. 

40 

H. 

27 

4.2 

42 

0 



M. 

67 

A. 

4 

3.2 

37 

0 

0 


M. 

54 

A. 

12 

3.6 

20 

0 



M. 

40 

R. 

47 

5.5 





M. 

59 

H. 

3 

5.4 

52 

0 

0 


M. 

68 

H.A. 

5 

3.4 

41 

0 



M. 

72 

H. A. 

2 

5.1 


0 



M. 

77 

A. 

30 

5.3 

44 




M. 

52 

C. 

30 

4.8 

38 

0 



M. 

19 

R. 

83 

4.7 






Improved 

Died 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 

Improved 


* These cases appear in section A of this table. Under therapy they became compensated. 

t A. = Arteriosclerotic. C. = Coronary. H. = Hypertensive. ^ t 

nary thrombosis. 


they became compensarea. ^ a- _ 

R. = Rheumatic. L. = Luetic. C. 1 • - '-oiu 
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in some cases was extreme. The degree of eleva- 
tion was related more directly to the “ clinical ” 
condition of the patient than to the acidosis as 
measured by the carbon dioxide capacity, or even 
to the ketosis as measured by ketone bodies in the 
urine. It bore no relation whatever to the level 
of the blood sugar. After treatment with insulin 
and fluids, the B.B.S. rapidly returned to normal 
and again closely paralleled the clinical appearance 
of the patient. The level of the B.B.S. in the 
blood is an accurate index of the severity of the 
metabolic disturbances and of the success of ther- 
apy in diabetic patients. 

Tests for pyruvic acid were positive in the 
urines of several of the unregulated diabetic pa- 
tients, a finding also recently observed by others 
(16). The role of pyruvic acid in the acidosis 
and in the elevation of the B.B.S. in diabetes 
awaits further observations. 

Chronic organic heart disease. The association 
of cardiac disturbances with vitamin Bj deficiency 
has been established in animals (17, 18). It is 
also generally recognized that cardiovascular dys- 
fimctions occur in beriberi in the Orient (19, 20) 
and in vitamin “ B ” deficiencies in the United 
States (8, 9, 21). In order to determine what 
effect heart disease, with or without congestive 
failure, has on the B.B.S. in the blood, data were 
obtained on a control group of 35 patients with 
chronic organic heart disease without clinical evi- 
dence of vitamin deficiency. The data on this 
group are presented in Table VII ; (A) “ decom- 
pensated ” patients with marked signs of con- 
gestive failure of the circulation; and (B) “com- 
pensated” patients with slight or no evidence of 
congestive failure. In the table the cases are ar- 
ranged in order of clinical severity of decom- 
pensation, as determined by the amount of edema, 
venous distention, dyspnea, orthopnea and signs 
of pulmonary congestion that they manifested. It 
will be seen that in patients with organic heart dis- 
ease there is a general correlation behveen the 
clinical severity of congestive failure and the ele- 
vation in the B.B.S. in the blood. The incidence 
of increased B.B.S. even in the decompensated 
group (52 per cent) was not so high as in patients 
with vitamin Bj deficiency (74 per cent), nor was 
the degree of elevation so great (average B.B.S. 
6.2 mgm. as compared with 12 mgm. per 100 
ml.). Thus congestive failure alone, without de- 


monstrable vitamin deficiency, may be associated 
with increased B.B.S. in the blood. Congestive 
circulatory failure may therefore contribute to the 
elevation of the B.B.S. in certain cases of vitamin 
Bj deficiency with edema (“wet” beriberi). 
Following improvement under therapy with rest, 
digitalis and diuretics, the B.B.S. in the blood of 
cardiac patients returned to normal (Table 
VII-B). 

Infections. The relationship of infection to 
vitamin deficiency and to the onset of clinical 
avitaminosis has often been commented on in the 
literature. The frequent occurrence of febrile 
episodes during the course of beriberi and pellagra 
and the aggravation of the symptoms of these dis- 
eases by infections have led many observers to 
accept the “ infectious ” theory of their etiology. 
Observations were therefore made on 17 patients 
with various infectious diseases in order to deter- 
mine the relation of infection, and particularly of 
fever, to the B.B.S. in the blood. Table VIII pre- 
sents the data on: (A) cases with febrile infec- 
tions and (B) cases with infections which at the 
time of the measurements were afebrile. In none 
of the patients was there clinical evidence of vita- 
min deficiency. The cases are arranged in order 
of severity of the infection as judged from the 
height of the fever and the pulse rate, and from 
the degree of prostration of the patient. 

There is a fairly close correlation between the 
elevation of the B.B.S. and the severity of the in- 
fection. That fever per se is not responsible for 
the increased B.B.S. is shown by Case 89, in 
which there was normal B.B.S. but high fever due 
to severe tuberculosis. Dehydration with reduced 
kidney function, and ketosis as evidenced by ace- 
tonuria, undoubtedly play contributing roles. It is 
also possible that anoxemia, such as occurs in lo- 
bar pneumonia, may be a factor in the metabolic 
disturbances which are associated with increased 
B.B.S. in the blood of some febrile patients. 
With recovery the B.B.S. in these patients re- 
turned to normal (Cases 84, 85, 86, 87). Afe- 
brile infections were not associated with an in- 
crease in the B.B.S. 

Nephritis. Five patients with glomerulonephri- 
tis, 4 with nephrosclerosis and 1 with nephrosis 
were studied. Among the patients with glomeru- 
lonephritis the nonprotein nitrogen varied from 35 
mgm. per 100 ml. to 162 mgm. with no elevation 
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TADLE VIII 

Cases with infections 

(Arranged in order of severity of symptoms) 


Case 

num- 

ber 

Sex 

Age 

Diagnosis 

Time of 
test (day in 
hospital) 

B.B.S. 

(as pyruvic 
acid) 

Non- 

protein 

nitrogen 

Urine analysis 

Ace- 

tone 

Di- 

acetic 

Py- 

ruvic 



yws 



msm. per 100 ml. 

mgm. per 100 ml. 





A. FEBRILE CASES 


84 

F, 

14 

Lobar pneumonia 

4 

8.0 

48 

++ 

0 

85 

M. 

40 

Lobar pneumonia 

2 

8.1 

43 



86 

M. 

38 

Lobar pneumonia 

3 

6.1 

18 

++ 


87 

M. 

46 

Lobar pneumonia 

5 

9.2 




88 

M. 

24 

Extensive tuberculosis 

51 

6.4 




89 

F, 

28 

Pulmonary tuberculosis 

6 

3.7 




90 

M. 

56 

Malaria 

8 

3.9 

32 

0 


91 

F. 

16 

Minimal tuberculosis 

7 

4.3 

37 

0 


92 

M. 

16 

Acute respiratory infection 

2 

6.4 


Trace 



B. AFEBRILE CASES 


93 

M. 

32 

! 

Acute respiratory infection 

5 

3.9 

36 

0 

0 

0 

94 

M. 

28 

Prostatitis; gonococcal arthritis 

12 

5.2 

34 

0 

0 

0 

95 

M. 

45 

Meningitis 

30 

4.4 

25 




96 

M. 

24 

Primary syphilis 

11 

4.2 


0 

0 

0 

97 

M. 

27 

Primary syphilis 

14 

3.7 

25 

0 

0 

0 

98 

M. 

25 

Primary syphilis 

IS 

4.0 

34 

0 

0 

0 

99 

M. 

32 

Primary syphilis 

9 

5.2 

33 

0 

0 

0 

100 

M. 

32 

Rheumatic fever 

60 

4.1 





84* 

F, 

14 

Convalescent: lobar pneumonia 

8 

3.9 


0 

0 

0 

85* 

M. 

40 

Convalescent; lobar pneumonia 

6 

4.6 

42 




86* 

M. 

38 

Convalescent: lobar pneumonia 

7 

4.0 

30 




87* 

M. 

46 

Convalescent; lobar pneumonia 

8 

5,1 

36 

1 





* These cases appear also in section A of this table. 


of the bisulphite binding power. Two of the 
nephrosclerotic patients with nonprotein nitro- 
gen of 96 and 78 mgm. per 100 ml. had values for 
B.B.S. in the blood of 6.1 and 7.8 mgm. per 100 
ml., respectively. In the second case the carbon 
dioxide combining power was 47 volumes per 
cent. These two groups of patients show that 
there is no direct relationship between the non- 
protein nitrogen and the bisulphite binding power 
of the blood. The patient with nephrosis showed 
the lowest B.B.S. recorded: 1.7 mgm. per 100 ml. 

Jaundice and liver disease. Eight patients with 
various forms of jaundice and liver disease were 
studied. These included 5 cases of cirrhosis, 1 
case each of catarrhal jaundice, of arsphenamine 
hepatitis and of cirrhosis complicated by diabetes 
mellitus with a blood sugar of 168 mgm. per 100 
ml. The B.B.S. was not elevated in any of these 
patients. 

Pregnancy. Six patients were studied in the 


third trimester of pregnancy. One patient had 
hypoproteinemia, 2 had essential hypertension and 
3 had so-called “toxemia” of pregnancy. The 
carbon dioxide combining power varied between 
50 and 57 volumes per cent. In no instance was 
there an elevated B.B.S. 

Neoplasms. Five patients suffering from vari- 
ous forms of malignant disease, including 1 case 
of Hodgkin’s disease, were observed. In no case 
was the B.B.S. elevated. 

Miscellaneous. No elevation of the B.B.S. was 
found in 2 cases of senility with arteriosclerosis 
or in 1 case each of secondary anemia, pernicious 
anemia, hypoproteinemia with malnutrition, and 
hyperthyroidism. 

One patient suffering from epilepsy when 
placed on a therapeutic ketogenic diet showed an 
increase in B.B.S. to 21 mgm. per 100 ml, ^ ^ 
this patient elevation of the B.B.S. occurred wit 
out any lowering of the carbon dioxide capacity 
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TABLE VUI 


Cases with infections 

(Arranged in order of severity of symptoms) 


Case 

num- 

ber 

Sex 

Age 

Diagnosis 

Time of 
test (day in 
hospital) 

B.B.S. 

(as pyruvic 
add) 

Non- 

protein 

nitrogen 

Urine analysis 

Ace- 
[ tone 

Di- 

acetic 

Py- 

ruvic 



years 



msm, per too ml. 

1 mgm, per 100 ml. 

1 

1 




A. FEBRILE CASES 


84 

F. 

14 

Lobar pneumonia 

4 

8.0 

48 

+ + 

0 

85 

M. 

40 

Lobar pneumonia 

2 

8.1 

43 



86 

M. 

38 

Lobar pneumonia 

3 

6.1 

18 

H — f- 


87 

M. 

46 

Lobar pneumonia 

5 

9.2 




88 

M. 

24 

Extensive tuberculosis 

51 

6.4 




89 

F. 

28 

Pulmonary tuberculosis 

6 

3.7 




90 

M. 

56 

Malaria 

8 

3.9 

32 

0 


91 

F. 

16 

Minimal tuberculosis 

7 

4.3 

37 

0 


92 

M. 

16 

Acute respiratory infection 

2 

6.4 


Trace 



B. iVFEBRILE CASES 


93 

M. 

32 

Acute respiratory infection 

5 

3.9 

36 

0 

0 

0 

94 

M. 

28 

Prostatitis; gonococcal arthritis 

12 

5.2 

34 

0 

0 

0 

95 

M. 

45 

Meningitis 

30 

4.4 

25 




96 

M. 

24 

Primary syphilis 

11 

4.2 


0 

0 

0 

97 

M. 

27 

Primary syphilis 

14 

3.7 

25 

0 

0 

. 0 

98 

M. 

25 

Primary syphilis 

15 

4.0 

34 

0 

0 

0 

99 

M. 

32 

Primary syphilis 

9 

5.2 

33 

0 

0 

0 

100 

M. 

32 

Rheumatic fever 

60 

4.1 





84* 

F. 

14 

Convalescent; lobar pneumonia 

8 

3.9 


0 

0 

0 

85* 

M. 

40 

Convalescent; lobar pneumonia 

6 

4.6 

42 




86* 

M. 

38 

Convalescent; lobar pneumonia 

7 

4.0 

30 




87* 

M. 

46 

Convalescent; lobar pneumonia 

8 

5.1 

36 





* These cases appear also in section A of this table. 


of the bisulphite binding power. Two of the 
nephrosclerotic patients with nonprotein nitro- 
gen of 96 and 78 mgm. per 100 ml. had values for 
B.B.S. in the blood of 6.1 and 7.8 mgm. per 100 
ml., respectively. In the second case the carbon 
dioxide combining power was 47 volumes per 
cent. These two groups of patients show that 
there is no direct relationship between the non- 
protein nitrogen and the bisulphite binding power 
of the blood. The patient with nephrosis showed 
the lowest B.B.S. recorded; 1.7 mgm. per 100 ml. 

Jaundice and liver disease. Eight patients with 
various forms of jaundice and liver disease were 
studied. These included 5 cases of cirrhosis, 1 
case each of catarrhal jaundice, of arsphenamine 
hepatitis and of cirrhosis complicated by diabetes 
mellitus with a blood sugar of 168 mgm. per 100 
ml. The B.B.S. was not elevated in any of these 
patients. 

Pregnancy. Six patients were studied in the 


third trimester of pregnancy. One patient had 
hypoproteinemia, 2 had essential hypertension and 
3 had so-called “toxemia” of pregnancy. The 
carbon dioxide combining power varied between 
50 and 57 volumes per cent. In no instance was 
there an elevated B.B.S. 

Neoplasms. Five patients suffering from vari- 
ous forms of malignant disease, including 1 case 
of Hodgkin's disease, were observed. In no case 
was the B.B.S. elevated. 

Miscellaneous. No elevation of the B.B.S. was 
found in 2 cases of senility with arteriosclerosis 
or in 1 case each of secondary anemia, pernicious 
anemia, hypoproteinemia with malnutrition, and 
hyperthyroidism. 

One patient suffering from epilepsy when 
placed on a therapeutic ketogenic diet showed an 
increase in B.B.S. to 21 mgm. per 100 ml. ^ ^ 
this patient elevation of the B.B.S. occurred wit 
out any lowering of the carbon dioxide capacity 
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of the blood. One patient with pernicious vom- 
iting and acidosis showed an elevation of the 
B.B.S. to 13 mgm. per 100 ml. 

Cases with multiple diseases. There were 7 
cases in which a single diagnosis could not be 
made. In 5 of these the B.B.S. was elevated 
above normal limits. They were cases in which 
any one of the presenting diseases may be asso- 
ciated with an elevation of the B.B.S. The data 
on these patients are given in Table IX. 


The relationship of the B.B.S. to certain other 
constituents of the blood 

Glucose. Under the conditions of the method 
outlined above, bisulphite is not bound by glucose. 
This was established by the following experi- 
mental considerations: (1) The addition of glu- 
cose to blood in vitro caused no change in the 
bisulphite binding power. (2) The intravenous 
injection of 100 cc. of 50 per cent glucose solu- 
tion caused no change in the bisulphite binding 


TABLE IX 

Cases with multiple diseases 


Case 

num- 

ber 

Sex 

Age 

Diagnosis 

1 

Time of 
teat (day in 
hospital) 

B.B.S. 

(as pyruvic ' 
add) ^ 

Non- 

protein 

nitrogen 

Urine i 

Ace- 

tone 

inalysis 

Di- 

acetic 

Additional findings 



■■ll 




mgm. per 










100 ml. 





M. 


Chronic alcoholic cirrhosis; 

3 


24 

0 

0 




Hi 

acute hepatitis; fever 








F. 


Coneenital syphilis; preg- 

30 

2.6 

28 

0 




1 

1 

nancy; pyelitis; jaundice; 









63 

Arteriosclerosis; diabetes; 

23 

11.5 

78 

0 


Blood sugar 258 




nephritis; heart failure 









28 1 

Pancreatitis; nephritis; 

38 

8.5 

42 



Carbon dioxide 29 

1 

1 


myocarditis; vomiting 







BOM 

M. 

60 

Bichloride poisoning; 

14 

7.4 

176 

0 

0 


1 



uremia 







Him 

M. 

55 

Hodgkin’s disease; coro- 

11 

8.4 

56 







nary heart diseeise; 










chronic nephritis 








M. 

26 

Chronic colitis; hypopro- 

3 

3.6 

26 

0 

0 

Carbon dioxide 50 




teinemia 








Diseases associated with decreased B.B.S. 
in the blood 

Eighteen patients showed B.B.S. ranging from 
1.9 to 3.5 mgm. per 100 ml. Serum protein 
analyses were made on 8 of these patients. All 
8 had hypoproteinemia. Low B.B.S. was found 
in 5 cases with heart disease of arteriosclerotic 
or hypertensive origin, in 4 cases of pregnancy, 
in 2 cases of cirrhosis, in 2 cases of nutritional 
deficiency, in 1 patient with chronic passive con- 
gestion of the circulation due to tricuspid stenosis, 
and in 1 case each of nephrosis, pernicious anemia, 
and severe secondary anemia. The most com- 
mon finding associated with a lowering of the 
B.B.S. in this study was the reduction in the 
serum proteins. 


power, although it greatly increased the blood 
sugar. (J) In diabetic patients with elevated 
blood sugar but without acidosis the bisulphite 
binding power of the blood was not increased. 
There was no relationship between the B.B.S. and 
the glucose in the blood. 

Nonprotein nitrogen. Patients suffering from 
glomerulonephritis with increases in the non- 
protein nitrogen showed no increase in the B.B.S. 
In clinical “ uremia,” however, an increase in the 
nonprotein nitrogen was often accompanied by 
an increase in the B.B.S. With amelioration of 
the uremic condition the elevated B.B.S. returned 
to normal. 

Carbon dioxide capacity of the blood. There 
appears to be no direct relationship between the 
B.B.S. and the carbon dioxide capacity of the 
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blood. A simple lowering of the carbon dioxide 
capacity in several patients by means of am- 
monium chloride therapy even to the point of 
clinical acidosis produced no change in the B.B.S. 
There is, however, a distinct relationship between 
the B.B.S. and certain underlying factors which 
may result in a lowering of the carbon dioxide 
capacity. Patients with diabetic acidosis, for ex- 
ample, in whom the decreased carbon dioxide 
capacity was due primarily to ketosis showed ex- 
ceedingly high B.B.S. in the blood. On the other 
hand, a patient on a ketogenic regime for epilepsy 
had a high B.B.S. but a normal carbon dioxide 
capacity. 

Pyruvic acid. The relationship of the B.B.S. 
to pyruvic acid requires further investigation. 
As judged from the amount of this material 
found in the urine and from preliminary work 
on direct measurement of the substance in the 
blood, pyruvic acid alone cannot account for the 
increased B.B.S. in the blood of patients with 
vitamin B^ deficiency or the other diseases ob- 
served with an elevation of the B.B.S. 

Drugs. Many of the patients under obser- 
vation were of necessity given various sedative 
drugs. Frequently, the medication was adminis- 
tered on admission to the hospital. This was 
particularly true of patients with acute or chronic 
alcoholism. Chief interest centered in such. drugs 
as chloral hydrate and paraldehyde, which have 
free carbonyl groups. In 3 instances it was found 
that the administration of large doses of these 
drugs was followed by a slight rise in the B.B.S. 
Several patients, however, after equally large 
amounts of the same sedatives showed normal 
B.B.S. Drugs other than chloral hydrate and 
paraldehyde showed no effect on the B.B.S. 

The B.B.S. and rest 

In some cases the routine treatment and diet 
alone, with no specific therapy, reduced the B.B.S. 
in the blood. This was true not only in the 
vitamin deficient group but also in all types 
of cases in which an increase in B.B.S. occurred. 
The lowering of the B.B.S. in these cases was 
ascribed primarily to the effects of bed rest and 
decrease in total metabolism, but undoubtedly the 
administration of fluids and probably other factors 
played a role. For this reason the length of time 


after admission that the test was done often had 
a bearing on the height of the B.B.S. 

DISCUSSION 

The observations presented indicate that ele- 
vation of B.B.S. in the blood is not specific in 
vitamin B^ deficiency, since it occurs in other 
diseases, such as diabetes mellitus, certain infec- 
tious diseases and severe congestive failure of the 
circulation caused by organic heart disease. In 
these diseases the total B.B.S. cannot always be 
accounted for by the presence of acetone and 
diacetic acid. In certain cases of vitamin de- 
ficiency high B.B.S. in the blood was observed 
without acetone, diacetic or pyruvic acid in the 
urine, suggesting that other carbonyl compounds 
had accumulated in the blood. It is of signifi- 
cance that there were instances both of poly- 
neuritis and of cardiac insufficiency of nutri- 
tional origin with low vitamin B^ intake in which 
the B.B.S. was normal. Thus a simple corre- 
lation was not found between the level of B.B.S., 
on the one hand, and the severity of the nutri- 
tional polyneuritis and cardiovascular dysfunction, 
on the other. These findings are not entirely in 
agreement with those of Platt and Lu, but they 
are in accord with the studies of de Jong (22) 
on pigeons with vitamin B^ deficiency. De Jong 
did not find a simple correlation between the 
manifestations of vitamin B^ deficiency and the 
B.B.S. in the blood. Polyneuritis of pigeons de- 
veloped before the elevation of the B.B.S., and 
in one group of animals the disappearance of 
symptoms preceded the lowering of the B.B.S. 
Furthermore, symptoms of chronic polyneuritis 
were not accompanied by a rise in the B.B.S. m 
the blood. 

Vitamin B^ deficiency in certain of the patients 
studied was associated with disturbance both of 
the fat and of the carbohydrate metabolism. This 
was shown not only by the increase in carbonyl 
substances other than acetone and diacetic acid, 
but also by hyperglycemia, which disappeared fol- 
lowing treatment. 

SUMMARY AND CONCLUSIONS 

1. Measurement of the B.B.S. in the blood 
gives a quantitative index of metabolic disturb 
ances which result in an accumulation of carbonyl 
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compounds. It is not possible, however, to dif- 
ferentiate the various carbonyl metabolites by 
this procedure. 

2. Observations are reported on the relation of 
B.B.S. to other chemical constituents of the blood, 
such as glucose, nonprotein nitrogen and carbon 
dioxide capacity. 

3. Since an increase in the B.B.S. occurs in a 
variety of diseases, its use as a diagnostic test of 
any one disease is not feasible. 

4. The B.B.S. in the blood is increased in vita- 
min Bj deficiencies, in unregulated diabetes mel- 
litus, in febrile infections, in severe congestive 
circulatory failure due to organic heart disease, 
and in certain less common diseases. 

5. In diabetes mellitus, incomplete fat metabo- 
lites, such as acetone and diacetic acid, contribute 
a portion to the increase in the B.B.S. Pyruvic 
acid is present in the urine of some patients with 
unregulated diabetes. The level of the B.B.S. is 
an accurate index of the degree of ketosis and of 
the clinical severity in this disease. 

6. The elevation of the B.B.S. in certain cases 
of vitamin B^ deficiency cannot be entirely ex- 
plained by the presence of acetone, of diacetic 
acid or of pyruvic acid. The effect of vitamin Bj 
in lowering the B.B.S. in such cases suggests an 
important oxidative role of this vitamin in me- 
tabolism. 

7. In alcoholic polyneuritis and heart failure 
(“ alcoholic beriberi ") alcohol per se is not re- 
sponsible for elevation of the B.B.S. 

8. In 4 patients with vitamin B^ deficiency hy- 
perglycemia was observed which disappeared un- 
der treatment. 

This investigation was carried out with the technical 
assistance of Mbs Jane W. Bryant, A.B., and Miss 
Sophia M. Simmons, S.B. 
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Subcutaneous tissue pressure may be defined as 
the pressure with which the tissue structures re- 
sist any change in their anatomical relationships. 
Since the pioneer work of Landerer (1) in the 
estimation of tissue pressure, little has been done 
to evaluate the importance of this factor in normal 
and pathological physiologic processes. Recent 
studies (2, 3, 4) have shown no uniformity in 
normal values. The present investigation is an 
attempt to throw additional light upon these prob- 
lems and establish standards for our technic. 

METHODS AND MATERIALS 

We employed a simple, direct, manometric method for 
the determination of tissue pressure, which is based upon 
the modification by Henderson, et aL (S) of Riml’s tech- 
nic for the determination of muscle tone. The apparatus 
(Figure 1) consists essentially of a U-tube water ma- 



Fig. 1. Appajiatus Used in the Determination op 
Tissue Pressure (See Text) 


nometer (a) which is connected by rubber tubing (6) 
to a rubber pressure bulb (c) controlled by a screw 
clamp (d) and also connected to a 1 mm. bore glass 
adapter (e) to which is fastened a 26-gauge needle (/). 
Parallel lines were etched at millimeter intervals on the 
wall of the adapter so as to facilitate reading slight 
movements of a meniscus. The opening in the beveled 
end of the needle was occluded with solder and four open- 

^ Presented before the American Society for Qinical 
Investigation at Atlantic City on May 3, 1937. 


ings symmetrically drilled into the lumen through the 
wall of its distal third. In use, sterile normal saline was 
drawn into the needle and about half way up the adapter, 
and the pressure in the system was then brought to 
atmospheric. The needle was then inserted into the sub- 
cutaneous tissues of the part to be studied. The pressure 
within the system was slowly raised by the screw clamp 
until the meniscus in the adapter just began to move. 
This pressure was taken as the subcutaneous tissue pres- 
sure. Three readings were taken which agreed within 
± 1 mm. for each determination. All determinations 
were made under aseptic conditions. At no time did we 
inject more than 0.5 cu. mm. of saline and usually not 
more than 0.1 cu. mm. 

RESULTS 

We are reporting results on normal subjects 
and patients with cardiac edema. A preliminary 
report of the results on normal subjects has al- 
ready been published (6) . 

In 10 normal individuals the subcutaneous tis- 
sue pressure was determined at heart level in four 
common sites of edema formation, dorsum of the 
hand, volar surface of the forearm, pretibial area 
and dorsum of the foot. The subjects rested in 
the supine position for 15 minutes and the deter- 
minations were made in the order given. The re- 
sults are summarized in Table I. The mean val- 


TABLE I 

Suiculaneous tissue pressure at heart level in normal subjects 


Subject 

aumber 

Age 

Sec 

Dorsum 
of hand 

Volar 

surface 

of 

forearm 

Pretibial 

area 

Dorsum 
of foot 


years 


mm. HsO 

mm. HjO 

mm. IItO 

mm, 

1 

23 

M. 

28 

11 

22 

35 

2 

49 

M. 

12 

29 

22 

36 

3 

24 

M. 

19 

26 

23 

24 

4 

25 

F. 

17 

23 

54 

15 

5 

25 

M. 

8 

40 

54 

43 

6 

29 

M. 

15 

19 

45 

36 

7 

27 

F. 

22 

18 

40 

38 

8 

23 

M. 

14 

17 

18 

18 

9 

26 

-M. 

14 

14 

43 

25 

10 

48 

M. 

30 

39 

SO 

38 

Mean 



17.9 

23.6 

37.1 

30.3 

Maximum 



30 

40 

54 

43 

Minimum 



8 

11 

IS 

15 
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ings symmetrically drilled into the lumen through the 
wall of its distal third. In use, sterile normal saline was 
drawn into the needle and about half way up the adapter, 
and the pressure in the system was then brought to 
atmospheric. The needle was then inserted into the sub- 
cutaneous tissues of the part to be studied. The pressure 
within the system was slowly raised by the screw clamp 
until the meniscus in the adapter just began to move. 
This pressure was taken as the subcutaneous tissue pres- 
sure. Three readings were taken which agreed within 
± 1 mm. for each determination. All determinations 
were made under aseptic conditions. At no time did we 
inject more than 0.5 cu. mm. of saline and usually not 
more than 0,1 cu, mm. 

RESULTS 

We are reporting results on normal subjects 
and patients with cardiac edema. A preliminary 
report of the results on normal subjects has al- 
ready been published (6). 

In 10 normal individuals the subcutaneous tis- 
sue pressure was determined at heart level in four 
common sites of edema formation, dorsum of the 
hand, volar surface of the forearm, pretibial area 
and dorsum of the foot. The subjects rested in 
the supine position for 15 minutes and the deter- 
minations were made in the order given. The re- 
sults are summarized in Table I. The mean val- 


TABLE I 

Subcutaneous tissue pressure at heart level in normal subjects 


Subject 

number 

1 

Age 

Sex 

JDorsum 
of hand 

Volar 1 
surface , 
of 1 

forearm | 

1 

PretibiaJ , 
area | 

1 

Dorsixm 
of foot 


years 


mm. BtO 

mm. BtO 1 

mm. HpO \ 

mm. HK? 

1 

23 

M. 

28 

11 

22 

35 

2 

49 

M. 

12 

29 1 

22 I 

36 

3 

24 

M. 

19 

26 

23 

24 

4 

25 

F. 

17 

23 

54 

15 

5 

25 

M. 

8 

40 

54 

43 

6 

29 

M. 

IS 

19 

45 

36 

7 

27 

F. 

22 

18 

40 

38 

8 

23 

M. 

14 

17 

18 

18 

9 

26 

M. 

14 

14 

43 

25 

10 

Mean 

Maximum 

Minimum 

48 

1 

1 

M. 

1 

30 

17.9 

30 

1 8 

1 

39 
23.6 

40 

1 11 

50 

37.1 

54 

18 

38 

30.8 

43 

15 
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ues at heart level varied from 17.9 to 37.1 mm. of 
water, the values being slightly higher in the lower 
extremities. The individual determinations varied 
from 8 to 54 mm. of water. 

After completing the above measurements, the 
patient stood up and a determination was made in 
the dorsum of one foot while all the body weight 
was borne on the other foot. The pressure in the 
dorsum of the foot was increased in assuming the 
erect position in seven of the eight subjects stud- 
ied, the greatest increase in any subject being 30 
mm. of water. Two of the subjects refused a 
fifth puncture. 

When the body weight was borne equally upon 
both feet and the measurement of tissue pressure 
was repeated in the previously relaxed foot with- 
out withdrawal of the needle, the values invariably 
decreased. If the needle was withdrawn between 
these two observations, the values were increased 
(Table II). The latter determinations are the 
more accurate. Such technical difficulties are con- 
sidered below. 

TABLE n 

Subcutaneous tissue pressure of the dorsum of the foot in 
normal subjects. Immediate effect of standing and 
bearing weight 





standing 
without 
bearing weight 

Standing and hearing 
body weight 

Subject 

number 

Age 

Sex 

Needle not 
removed 

Needle 

removed 

and 

reinserted 

11 

years 

33 

M. 

min. HsO 

76 

mm, HsO 

56 

mm. HiO 
100 

12 

23 

M. 

31 

30 

38 

13 

26 

M. 

66 

50 

82 

14 

26 

M. 

42 

12 

102 

Mean 



53.7 

37.0 

80.5 


The immediate effects of elevated venous pres- 
sure were studied in the dorsum of the hand in 
the 10 subjects of Table I. With the hand at 
heart level, the venous pressure was increased by 
inflating a blood pressure cuff around the arm in 
steps of 135 mm. of water (10 mm. Hg) at two 
minute intervals. In no instance was the diastolic 
blood pressure exceeded. The results are illus- 
trated in Table III. It can be seen that increases 
in venous pressure over short intervals of time 
had relatively slight effect on the tissue pressure 
readings. 


TABLE HI 


The immediate effects of elevation in venous pressure on the 
determination of tissue pressure in the dorsum of the 
hand in normal subjects at heart level 


Subject 

Pressure in cuff constricting arm (mm. HiO) 

number j 

0 

270 

•105 

540 

675 

810 

1 

28 

14 

20 

22 

18 

20 

2 

12 

26 

23 

42 

45 

60 

3 

19 

16 

16 

18 

26 

28 

4 

17 

12 

12 

9 

14 

17 

5 

8 

8 

8 

10 

11 

12 

6 

15 

20 

•20 

22 

33 

20 

7 

22 

19 

18 

14 

14 

* 

8 

14 

14 

14 

18 

19 

16 

9 

14 

16 

20 

16 

18 

20 

10 

30 

1 40 

1 42 

1 42 

46 

! 45 

Mean 

17.9 

18.5 

19.3 

21.3 

24.4 

26.4 


* Patient’s diastolic blood pressure was 60 mm. Hg. 


The effects of increased venous pressure over 
longer periods of time were investigated in six 
normal subjects standing quietly against a table 
inclined at 75° for one hour. Measurements were 
made at the beginning and end of the hour. The 
results are presented in Table IV. The mean 
value for the six subjects was 53.5 mm. of water 
at the beginning and 65.2 at the end of the hour. 
The greatest increase in any individual was 31 
mm. of water. In one instance (Subject 19) the 
final reading was taken after 37 minutes, just be- 
fore the patient fainted. Pitting edema did not 
develop in any subject. 

Determinations were made upon ten patients 
with congestive heart failure and increased venous 
pressure. Patients were chosen only when edema 
was increasing, as determined by history and in- 
spection, and these patients were followed when 
possible until they became edema free. All de- 

TABLE IV 


The effect of standing one hour on the suheutaneom tissue 
pressure in the dorsum of the foot of normal subjects 


Subject 

number 

Age 

Sex 

Pressure at 
beginning of hour 

Pressure at 
end of hour 


1 

years 


mm. HiO 

mm. i?sO 

15 

23 

M. 

75 

82 

16 

23 

M. 

58 

60 

17 

48 

M. 

94 

104 

18 

46 

M. 

44 

52 

19 

31 

M. 

28 

59* 

20 

20 

M. 

1 22 

34 

Mean 



I 53.5 

65.2 


* Patient fainted after standing 37 minutes. Reading 
was made just before he fainted. 
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Fig. 2. Subcutaneous Tissue Pressure (Pretibiai. Area) in S Patients with Cardiac Failure 


terminations were made in the pretibiai area in the 
supine position in patients confined to bed. First 
determinations varied from 47 to 218 mm. of 
water, 9 of the 10 measurements being above 54 
mm. of water which was the highest value ob- 
served in our series of normals. Whether the 
value was high or low could be roughly estimated 
in these individuals by the appearance and firm- 
ness of the part to inspection and palpation. Fig- 
ure 2 illustrates the course of the tissue pressure 
readings in five of the subjects followed. A great 
variation in the course of the pressures from pa- 
tient to patient is evident. The highest value ob- 
tained in the entire group was 262 mm. of water. 
In the ten patients the highest values were 188, 
126, 60, 242, 116, 156, 110, 262, 70, and 58 mm. 
of water, respectively. In general, the readings 
followed the clinical course of the edema. The 
factors influencing these changes are analyzed in 
the discussion. 

DISCUSSION 

The importance of tissue pressure in the 
mechanism of fluid exchange in the body has just 


recently been recognized (2, 7, 8). Indirect esti- 
mations of the tissue pressure have appeared in 
the American literature, but we have been unable 
to find records of direct determinations reported 
in this country. The results vary widely. Lan- 
derer (1), by a direct manometric method found 
that the subcutaneous tissue pressure was 550 mm. 
of water in the thigh of man in the sitting position. 
Gildemeister and Hoffmann (3) by an indirect 
method with the use of an elastometer, calculated 
the subcutaneous tissue pressure to be 130 mm. of 
water. Such indirect methods, as Landis and 
Gibbon (7) state, provide no information con- 
cerning the absolute tissue pressure. Meyer and 
Holland (4), with a direct manometric method, 
found a normal intracutaneous tissue pressure of 
55 to 85 mm. of water and a subcutaneous tissue 
pressure of 20 to 40 mm. of water. Youmans 
and his associates (2), with an indirect method, 
calculated that the tissue pressure of the lower ex- 
tremity when standing varied from 311 to 487 
mm. of water. Smirk (9), in his studies on the 
causes of edema in congestive heart failure, found 
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by a manometric method edema fluid pressures 
varying from 40 to 180 mm. of water. 

The great variations in the reported tissue pres- 
sure values are probably due to differences in 
technic. Any method which directly measures 
the tissue pressure may introduce errors. Our 
method was chosen because, as far as we could 
determine, it minimized error more than any 
technic previously described. The introduction 
of the needle and saline into the subcutaneous tis- 
sues tends to raise the tissue pressure. The fact 
that we use a small needle and inject a negligible 
amount of saline minimizes this effect. The tear- 
ing of tissue by the needle would tend to lower the 
tissue pressure. This effect is again minimized 
by the size of the needle employed. These two 
factors tend to nullify each other. Once the 
needle is inserted it must be maintained in posi- 
tion and the relationship of tissues to each other 
must not be changed. With movement of the 
part without withdrawal of the needle the change 
in pressure is due to at least two factors, a change 
in the natural relationship of tissues to each other 
and an interference with this change by the pres- 
ence of a rigid immobile structure. Following 
movement of the part, withdrawal and reinsertion 
of the needle will eliminate this latter effect. 
The magnitude of such errors is illustrated in 
Table II. With care and experience such errors 
may be avoided. In five subjects repeated deter- 
minations were made in the same area with with- 
drawal of the needle. In three instances the de- 
terminations were made on separate days. The 
maximum variation for each subject was ± 4 mm. 
of water, except in one instance in which the 
part could not be kept immobile and the variations 
were dr 7. 

Our values for subcutaneous tissue pressure at 
heart level for normal individuals (Table I) agree 
in the main with those of Meyer and Holland (4). 
This pressure and the colloid osmotic pressure of 
the plasma are two important known antifiltering 
pressures which tend to neutralize the filtering 
pressure (hydrostatic pressure and colloid osmotic 
pressure of the tissue fluids). Since other factors 
may be important in the movement of fluid 
through the capillary wall, we do not feel justified 
in formulating an equation to quantitate these 
values as has been done by others (2, 4) . This is 
particularly true in the light of Smirk’s (9) obser- 


vations that capillary permeability is a variable 
and significant factor. Smirk’s observations 
clearly indicate that the formula of Youmans et 
al. (2) is based upon erroneous assumptions. 
Smirk has shown that with increased venous pres- 
sure, filtering and antifiltering pressures have not 
reached an equilibrium even at five hours. You- 
mans' calculations are based upon the assumption 
that an equilibrium is reached at the end of one 
hour. Other factors such as the filtration rate, 
variations of the capillary bed within the part, 
colloid osmotic pressure of the tissue fluids, and 
lymph flow, which are pointed out by Smirk as 
important factors, are not considered in Youmans’ 
formula. It is evident that the number of un- 
known factors which enter into the interchange of 
fluid between blood vessels and tissues is so great 
that a workable formula is impossible. 

It is well known that an elevation in venous 
pressure disturbs the equilibrium between filtra- 
tion and antifiltration through the capillary mem- 
brane, favoring an accumulation of interstitial 
fluid. The effect of this disturbance upon the tis- 
sue pressure was studied in three ways, (1) by 
elevation of the venous pressure for short periods 
of time with a blood pressure cuff, (2) by the in- 
fluence of standing for one hour on determina- 
tions in the foot, and (3) by the effect of the 
prolonged increased venous pressure of congestive 
heart failure. It is evident from the data that 
an elevation of venous pressure for a short period 
of time produced no marked change in the deter- 
minations of tissue pressure. This observation is 
in keeping with those of Smirk, who found that 
an equilibrium was not established up to five 
hours. Since equilibrium is not established in one 
hour, any calculation of tissue pressure from a 
formula would give results that are too high (2). 
This explains the discrepancy between calculated 
values and our determinations. Prolonged eleva- 
tion of venous pressure (congestive heart failure) 
was accompanied by a definite increase in tissue 
pressure. This will be discussed later. 

The factors which vary tissue pressure when 
venous pressure is elevated are not clearly under- 
stood. There are at least three important vari- 
ables, (1) the change in filtration rate, (2) dis- 
tensibility of the surrounding tissues, and (3) the 
rate with which interstitial fluid is removed, for 
example, through lymphatics. Since only meas- 
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urements of the first variable have, been made, 
valid calculations of tissue pressure up to this 
time have been impossible, so that an accurate esti- 
mation of tissue pressure is possible only by direct 
measurement. 

We found that the height of the arterial pres- 
sure had no direct influence upon the magnitude 
of the tissue pressure. It is interesting to point 
out that determinations of intravascular pressure 
by collapse technic are in error by the value of 
the tissue pressure. This error is small for high 
(arterial) pressures, but may become large in low 
(capillary, venous) pressures. Since the tissue 
pressure is unaffected by hypertension, compari- 
son of capillary pressure by collapse technic in 
normal and hypertensive individuals is valid (10). 

In increasing cardiac edema, we invariably 
found elevated subcutaneous tissue pressure. 
These findings are in accord with those of Smirk 
(9). These values depend upon the three vari- 
ables previously mentioned, (1) increase in filtra- 
tion rate, (2) distensibility of the surrounding 
tissues, and (3) the rate at which interstitial fluid 
is removed. In cardiac edema, interstitial fluid is 
accumulating more rapidly than it is being re- 
moved. As this fluid accumulates, the tissues are 
displaced and the fibrous network is stretched, the 
tissue tension increases and this in turn alters the 
filtration and removal rates. The interplay of 
these three factors influences the level to which 
tissue pressure may rise. It is possible that pro- 
longed elevated tissue tension may overstretch 
these fibers so that with reduction of venous pres- 
sure and removal of edema they will not immedi- 
ately return to their original state (7). Such a 
situation could explain the low tissue pressure 
found in receding edema and the post-edematous 
period (Figure 2). Such changes could explain 
the variable results of Meyer and Holland. In 
one instance the administration of salyrgan pro- 
duced profuse diuresis resulting in a marked de- 
crease of the edema and the tissue pressure as 
well. Diuretics, therefore, may influence tissue 
pressure. 

In three of the patients with cardiac edema, the 
venous and tissue pressures were observed simul- 
taneously. It was noted that the return of the 
tissue pressure to normal lagged behind the ve- 
nous pressure. At no time did the tissue pressure 
reading exceed the venous pressure determination. 


Should tissue pressure exceed venous or capillary 
pressure, collapse of these vessels would ensue. 

Values for non-cardiac edema will be reported 
later. 

SUIIIIARY AND CONCLUSIONS 

Using a direct manometric method for the de- 
termination of tissue pressure, we found in 10 
normal individuals mean values at heart level 
varying from 17.9 to 37.1 mm. of water in the 
subcutaneous tissue of the dorsum of the hand 
and foot, volar surface of the forearm and the 
pretibial area. The tissue pressure in the dorsum 
of the foot was increased in the erect position and 
further increased by weight bearing. Normal 
tissue pressure was less than the accepted values 
for capillary and venular pressure. 

The full effect of increased venous pressure on 
tissue pressure was not immediate; up to one 
hour the effect was slight. In congestive heart 
failure with prolonged high venous pressure the 
tissue pressure was greatly elevated. 

In 10 patients with increasing cardiac edema, 
the tissue pressure was definitely increased. In 
receding cardiac edema the values were lowered, 
at times even below normal, to return finally to a 
normal level. 

Tissue pressure is an important factor in the 
control of movement of fluid between blood ves- 
sels and tissue spaces. Factors other than venous 
pressure are important in the regulation of tissue 
pressure. 
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Knowledge of the changes in blood volume tak- 
ing place in the course of congestive heart failure 
is necessary for an understanding of alterations 
in the dynamics of circulation in that disease. 
Changes in blood volume in cardiac decompensa- 
tion reported in the literature are of a conflicting 
nature. Bock (1), Brown and Rowntree (2), 
Thompson (3). Schiirmeyer (4), Mies (5), us- 
ing modifications of the original dye method of 
determining the blood volume; Plesch (6), using 
the carbon monoxide method, and Ewig and Hins- 
berg (7) ; using a combination of the two meth- 
ods, have reported the blood volume as variably 
increased during cardiac decompensation. The 
most extensive studies have been made by Woll- 
heim (8, 9, 10, 11), using a modification (12) 
of the original Keith-Rowntree technique, Levin 
(13), and Goldbloom and Libin (14). On the 
basis of their studies these authors have described 
two types of congestive failure; the so-called 
“ plus ” and “ minus " types. In the former 
type, in which failure is characterized by cya- 
nosis, distension of cervical veins, engorgement of 
the liver, edema and other symptoms and signs 
of congestion, the volume is said to be above 
normal during failure and to decrease with com- 
pensation. In the latter type, characterized by 
pallor, poor venous filling, marked respiratory 
distress and weakness, but no marked edema, the 
volume is said to be below normal during failure 
and to increase during compensation. 

In this communication we will report the re- 
sults of our studies in patients in congestive heart 
failure, selected from the Cardiac Clinic and 
Medical Wards of the Peter Bent Brigham Hos- 
pital. We have employed the method developed 
by Gregersen, Gibson and Stead (15), as modified 
for clinical use by us (16). This method meas- 
ures the plasma volume by means of an azo dye, 
Evans Blue, and employs the spectrophotometer 
for colorimetric estimation of dye concentration in 


serial samples of blood serum. The total blood 
volume and red cell volume are calculated from 
hematocrit values of venous blood and the plasma 
volume. In addition, many observations on ve- 
nous pressure and circulation time were made by 
methods previously described (16). 

Changes occurring during the transition from 
the compensated to decompensated state were 
studied by means of statistical analysis of a large 
number of single determinations in patients in 
varying stages of heart disease. Cases were 
placed in groups according to the severity of 
symptoms and clinical signs of congestive failure. 
Changes in the average values of these groups 
were taken as characteristic of the trend of blood 
volume, hematocrit, venous pressure and circula- 
tion time in progressive congestive failure. 

Changes taking place during recovery from 
decompensation, or during further progression of 
heart failure were studied by means of repeated 
determinations in the same individual during the 
course of his treatment for congestive heart fail- 
ure in the hospital, or after discharge therefrom. 
Both methods have certain limitations, but yield 
results which are mutually complementary and 
confirmatory and from which valid conclusions 
as to the true state of circulatory dynamics in 
heart disease may be dra\vn. 

One of the principal difficulties in a study of 
this sort is the selection of normal values for com- 
parative purposes. Normal values for venous 
pressures, circulation times and hematocrits fall 
within clearly definable limits, and for this study 
we have employed the average normal values 
found by us by the methods employed as pre- 
viously reported (17). The normal blood vol- 
ume for a given individual can, however, be 
assigned with less certainty. In a previous com- 
munication (17), we stated that the blood volume 
varied within wide limits in normal persons of 
v'arying habitus and proportion of muscle and 
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fat. We also stated that, within certain limits, 
total blood volume in normal persons bore a rela- 
tionship to height, weight and surface area. It 
was our opinion that the average of normal values 
based on either height or surface area obtained 
in fairly large groups of individuals might offer 
a reasonable basis for showing changes from the 
normal volume levels occurring in disease. 

It is obvious that weight is altered in certain 
phases of cardiac disease, owing to the presence 
of edema fluids during the congestive phase, and 
also to the cachexia accompanying chronic heart 
disease, to such a point as to be meaningless for 
normal volume estimation on the basis of surface 
area or weight. We have therefore used the least 
variable of physical measurements, namely, height, 
as the basis for estimation of normal blood vol- 
ume in these studies. This procedure has the 
advantage over using the average total blood 
volume of a large number of “ normal ” indi- 
viduals of varying age, type of build and state 
of nutrition, of more closely estimating normal 
volume with respect to the size of the individuals 
comprising the different groups. While it must 
be clear that such normal values for individuals 
only approximate their true basal volume before 
decompensation set in, we feel that comparison of 
average deviations from normal of similar groups 
shows trends of real significance. Similarly, in 
individuals, increases or decreases of a range 
greatly in excess of predicted normal values may 
be taken as evidence of significant changes. 

Changes accompanying progressive degrees of 
congestive heart failure 

Single determinations were made in 99 indi- 
viduals with clinically proven organic heart dis- 
ease. Blood volume, venous pressure and circu- 
lation time were determined in the basal state 
in each case. Cases were divided into four 
groups. 

Group I contained patients with valvular heart 
disease who exhibited no symptoms or signs of 
cardiac insufficiency. There were seven males 
and eleven females in this group; with the ex- 
ception of three females with congenital heart 
disease all had valvular lesions diagnosed as being 
if rheumatic origin. 

In Group II were placed those patients who 
had symptoms of cardiac insufficiency; dyspnea 


on moderate effort, easy fatigue with or without 
actual limitation of activity, but in whom no 
physical signs of congestive failure were observed. 
There were 12 males and 6 females in this group, 
all of whom had rheumatic valvular disease except 
one male with luetic aortic insufficiency. 

Groups III and IV consisted of patients in 
frank congestive failure; those with venous pres- 
sures above 150 mm. of water being placed in 
the latter group, as exhibiting the most severe de- 
gree of decompensation. Group III contained 12 
males and 10 females; 5 of each sex had rheu- 
matic heart disease, one male syphilitic aortic 
insufficiency, 2 males and one female hyperten- 
sive heart disease and the remainder chronic 
myocarditis. In Group IV were 7 males and 8 
females; 2 males and 6 females had rheumatic 



Fig. 1. Increase in Absolute Total Blood Volume in 
Progressive Heart Failure 


While a considerable spread in individual volumes oc- 
curs the trend of average values indicates a considerable 
increase in volume over normal levels in congestive heart 
failure. 
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heart disease, 2 males hypertensive heart disease, 
1 female constrictive pericarditis of unknown 
etiology and the remainder chronic myocarditis. 

A separate grouping was made of sixteen pa- 
tients with essential hypertension, of whom 9 were 
males and 7 females, in whom there was no evi- 
dence of renal or cardiac involvement. A few of 
these complained of fatigue and voluntary re- 
striction of activity, but because of the difficulty 
of ascribing these symptoms to cardiac disability 
no attempt was made to class these patients in 
either of the first two groups. During the period 
of observation the systolic blood pressure was 
above 150 mm. of mercury. 

TABLE I 

Changes in blood volume, hematocrit, venous pressure and 
circulation time in Regressive stages of congestive 
heart failure 

Num- Average values for groups 

bcT of Average 

predicted Total 

total deter- Devia- 

Group blood mined tioa Ve- Cir- 

_3 volume blood from Hema- nous cula- 

S based on volutne pre- tocrit pres* tion 

^ E height dieted sure time 

S u, normal 


cc. per , . 

«. «. per percent Sed onds 

I 7 11 4S67 4348 79.0 - 4.8 41.1 77 17 J 

II 12 6 4336 4524 76.7 + 4.4 45.2 75.5 24.2 

Hyper- 

ten- 7 9 4573 4714 67.9 + 2.7 43.9 77.5 20.0 

sives 

III 12 10 4656 5600 91.5 +22.3 44.4 107 37 

rV 7 8 4264 6543 97.0 +55.3 45.6 206 46.7 

The results of these observations are pre- 
sented in Figure 1 and Table I. While in each 
group there was a considerable spread in the in- 
dividual values for blood volume, hematocrit, ve- 
nous pressure and circulation time, the trend of 
the average values for each of these groups, 
namely, a progressive increase above normal with 
advancing decompensation is definite. 

The average percentage deviation from normal 
of each group is shown in Figure 2. The value 
for Groups I and II may be considered to be 
within normal limits. With the onset of physical 
signs of congestive failure (Group III) a large 
increase above normal, amounting to 22.3 per 
cent occurs, while in severe failure (Group IV) 
the increase above normal is 55.3 per cent. In 


(m 7.) 



Fig. 2. The Percentage Increase of Average Fig- 
ures ABOVE Predicted Normal Blood Volume in Pro- 
gressive Congestive Heart Failure 


A definite increase occurs in Group II, preceding the 
development of physical signs of congestion. The av- 
erage percentage above predicted normal total blood vol- 
ume for the group of compensated hypertensives is Z7 
per cent, and for five hypertensives in congestive failure 
(included in Groups III and IV), is 362 per cent 

the hypertensive group the average value for 
patients exhibiting no signs of failure, is well 
within normal limits. In hypertensive patients in 
failure, however, the total volume is above normal 
limits, the average elevation above normal of the 
5 patients studied being 36.2 per cent. 
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fat. We also stated that, within certain limits, 
total blood volume in normal persons bore a rela- 
tionship to height, weight and surface area. It 
was our opinion that the average of normal values 
based on either height or surface area obtained 
in fairly large groups of individuals might offer 
a reasonable basis for showing changes from the 
normal volume levels occurring in disease. 

It is obvious that weight is altered in certain 
phases of cardiac disease, owing to the presence 
of edema fluids during the congestive phase, and 
also to the cachexia accompanying chronic heart 
disease, to such a point as to be meaningless for 
normal volume estimation on the basis of surface 
area or weight. We have therefore used the least 
variable of physical measurements, namely, height, 
as the basis for estimation of normal blood vol- 
ume in these studies. This procedure has the 
advantage over using the average total blood 
volume of a large number of “ normal ” indi- 
viduals of varying age, type of build and state 
of nutrition, of more closely estimating normal 
volume with respect to the size of the individuals 
comprising the different groups. While it must 
be clear that such normal values for individuals 
only approximate their true basal volume before 
decompensation set in, we feel that comparison of 
average deviations from normal of similar groups 
shows trends of real significance. Similarly, in 
individuals, increases or decreases of a range 
greatly in excess of predicted normal values may 
be taken as evidence of significant changes. 

Changes accompanying progressive degrees of 
congestive heart failure 

Single determinations were made in 99 indi- 
viduals with clinically proven organic heart dis- 
ease. Blood volume, venous pressure and circu- 
lation time were determined in the basal state 
in each case. Cases were divided into four 
groups. 

Group I contained patients with valvular heart 
disease who exhibited no symptoms or signs of 
cardiac insufficiency. There were seven males 
and eleven females in this group; with the ex- 
ception of three females with congenital heart 
disease all had valvular lesions diagnosed as being 
jf rheumatic origin. 

In Group II were placed those patients who 
had symptoms of cardiac insufficiency; dyspnea 


on moderate effort, easy fatigue with or without 
actual limitation of activity, but in whom no 
physical signs of congestive failure were observed. 
There were 12 males and 6 females in this group, 
all of whom had rheumatic valvular disease except 
one male with luetic aortic insufficiency. 

Groups III and IV consisted of patients in 
frank congestive failure; those with venous pres- 
sures above 150 mm. of water being placed in 
the latter group, as exhibiting the most severe de- 
gree of decompensation. Group III contained 12 
males and 10 females; 5 of each sex had rheu- 
matic heart disease, one male syphilitic aortic 
insufficiency, 2 males and one female hyperten- 
sive heart disease and the remainder chronic 
myocarditis. In Group IV were 7 males and 8 
females; 2 males and 6 females had rheumatic 



Fig. 1. Increase in Absolute Total Blood Volume in 
Progressive Heart Failure 


While a considerable spread in individual volumes oc- 
curs the trend of average values indicates a considerabL 
increase in volume over normal levels in congestive heart 
failure. 
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heart disease, 2 males hypertensive heart disease, 
1 female constrictive pericarditis of unknown 
etiology and the remainder chronic myocarditis. 

A separate grouping was made of sixteen pa- 
tients with essential hypertension, of whom 9 were 
males and 7 females, in whom there was no evi- 
dence of renal or cardiac involvement. A few of 
these complained of fatigue and voluntary re- 
striction of activity, but because of the difficulty 
of ascribing these symptoms to cardiac disability 
no attempt was made to class these patients in 
either of the first two groups. During the period 
of observation the systolic blood pressure was 
above 150 mm. of mercury. 

TABLE I 


Changes in Hood volume, hematocrit, venous pressure and 
circulation time in progressive stages of congestive 
heart failure 


Group 

Num- 
ber of 
cases 

Average 
predicted 
total 
blood 
volume 
based on 
height 

Total 

deter- 

mined 

blood 

volume 

Average values for groups 

Devia- 

tion 

from 

pre- 

dicted 

normal 

Hema- 

tocrit 

Ve- 

nous 

pres- 

sure 

Cir- 

cula- 

tion 

time 

S 

•a 

cn 

•a 

s 

1^ 

I 

7 

11 

cc. 

4S67 

cc, 

4348 

cc, 

per 

kgm, 

79.0 

percent 

- 4.8 

per 
cent 
of cells 
41.1 

mm. 

HiO 

77 

sec^ 

onds 

17.5 

II 

12 

6 

4336 

4524 

76.7 ' 

+ 4.4 

45.2 

75,5 

24.2 

Hyper- 

ten- 

Eives 

7 

9 

4573 

4714 

67.9 

+ 2.7 

43.9 

77.5 

20.0 

III 

12 

10 

4656 

5600 

91.5 

+22J 

44.4 

107 

37 

IV 

7 

8 

4264 

6543 

97.0 

+55.3 

45.6 

206 

46.7 


The results of these observations are pre- 
sented in Figure 1 and Table I. While in each 
group there Wcis a considerable spread in the in- 
dividual values for blood volume, hematocrit, ve- 
nous pressure and circulation time, the trend of 
the average values for each of these groups, 
namely, a progressive increase above normal with 
advancing decompensation is definite. 

The average percentage deviation from normal 
of each group is shown in Figure 2. The value 
for Groups I and II may be considered to be 
within normal limits. With the onset of physical 
signs of congestive failure (Group III) a large 
increase above normal, amounting to 22.3 per 
cent occurs, while in severe failure (Group IV) 
the increase above normal is 55.3 per cent. In 
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Fig. 2. The Percentage Increase of Average Fig- 
ures ABOVE Predicted Normal Blood Volume in Pro- 
gressive Congestive Heart Failure 

A definite increase occurs in Group II, preceding the 
development of physical signs of congestion. The av- 
erage percentage above predicted normal total blood vol- 
ume for the group of compensated hypertensives is 2.7 
per cent, and for five hypertensives in congestive failure 
(included in Groups III and IV), is 36.2 per cent 

the hypertensive group the average value for 
patients exhibiting no signs of failure, is well 
within normal limits. In hypertensive patients in 
failure, however, the total volume is above normal 
limits, the average elevation above normal of the 
5 patients studied being 36.2 per cent. 
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TABLE II 

Relation of iolal blood volume and hematocrit la venous pres- 
sure and circulaiion lime 


i 

Venous 

pressure 

Number of cases 

Average 
pre- 
dicted ! 
total 
blood 
volume 

Total 1 
blood 
vol- 
ume 

Deviation 

from 

predicted 

normal 

total 

volume 

Hema- 

tocrit 

1 

Males 

j 

Females 

Ml HI, IhO 

0-74 

11 

12 

CC^ 

4542 

00 

o 

per cent 

4- 1.29 

per cent 
of cells 

43.7 

75-99 

10 

12 

4662 

4700 

-1- 0.9 

44.6 

100-149 

17 

7 

4874 

5730 

4-17.6 

44.6 

ISO-h 

7 

8 

1 

4264 

6543 

4-53.5 

44.4 


Circula- 1 
tion time j 

Number of cases 

1 

Average 
pre- 
dicted 
total 
blood 
volume j 

1 

Total 

blood 

vol- 

ume 

Deviation 

from 

predicted 

normal 

totai 

volume 

Hema- 

tocrit 

Males 

Females 

1 

seconds 

0-19 

7 

i 

16 

i 

CC, 

4434 

I 

CCs 

4330 

1 

per cent 

4- 3.6 

per cent 
of cells 

41.7 

20-29 

17 

1 

4790 

4960 

4- 3.7 

44.8 

30-39 

5 

9 

4335 

5564 

4-28.3 

43.6 

404- 

5 

7 

4460 

5921 

4-32.7 

44.9 


The relationship of changes in absolute volume 
to venous pressure and circulation time is shown 
in Table II, from which it is apparent that, in 
general, marked increases in volume take place 
only when the venous pressure is in excess of 100 
mm. and the circulation time slower than 20 sec- 
onds; and that the degree of elevation in blood 
volume is directly related to the degree of rise 
in venous pressure and slowing of the circulation 
time. It is also apparent that in the increased 
volume of failure the rise is not equally shared 
by the plasma and red cell portions, the increase 
in hematocrit values from Groups I to IV sug- 
gesting a slight concentration of the blood as 
failure progresses. 

Changes accompanying restoration of compensa- 
tion or progression of decompensation 

For this portion of our study serial observa- 
tions were made in patients in varying degrees of 
diac decompensation while under treatment in 
hospital wards. Clinical grouping of these 
" has been made, according to the course of 


the patient’s disease; those showing marked im- 
provement; those undergoing fluctuating courses, 
characterized by periods of improvement and 
relapse ; and those in whom the disease progressed 
to a fatal termination. 

In Table III is shown the course of blood vol- 
ume, venous pressure, circulation time, and hema- 
tocrit in 13 patients in congestive failure in whom 
bed rest, digitalization and diuresis were accom- 
panied by a return to a compensated state. The 
underlying etiology in the failure of these patients 
is as described in the table. In every case the 
blood volume at the time of the first determina- 
tion, made at the time of admission to the hos- 
pital, was in excess of the normal volume based 
on body height for that individual, the extremes 
in elevation ranging from 5.7 to 85.7 per cent. 
The average value for the entire group is 29.6 
per cent above normal. 

In all these 13 cases, of varied etiology, a 
striking decrease in blood volume, venous pres- 
sure and a decrease in circulation time occurred 
during compensation. Decreases in total volume 
amounted to a liter or more in the majority of 
cases, the extremes ranging from 220 cc. (Num- 
ber 56, Table III) to 3950 cc. (Number 110, 
Table IV). In general, those patients experienc- 
ing the greatest clinical improvement as evidenced 
by clinical signs, alleviation of symptoms, weight 
loss and diuresis, had the largest reductions in 
total volume from failure levels. 

The reduction in plasma volume was at first 
proportionately greater than the reduction in red 
cell volume. In 9 of the 13 cases summarized in 
Table III, hematocrit values rose as compensa- 
tion was restored. Thus, as illustrated in Cases 
55, 62, and 147 (Table III), with clinical im- 
provement there was a considerable fall in plasma 
volume accompanied by a moderate decrease in 
red cell volume with resultant rise in hematocrit, 
the change taking place in a comparatively short 
time. With further improvement, the plasma 
volume fell but little more, while the red cell 
volume continued to diminish with resultant de- 
cline in hematocrit value. 

The reduction in red cell volume varied greatly, 
a decrease of about 500 cc. taking place during 
the transition from failure to compensation. The 
largest reduction encountered was in Case 110 
(Table IV), amounting to 1410 cc. in a period of 
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tuating courses tenuinated fatally arc presented 
in Table V. It will be noted that the blood vol- 
ume remained high or rose as the disease pro- 
gressed. 


DISCUSSION 

Studies of the behavior of Evans Blue after 
intravenous injection indicate that it does not ap- 
pear in the pathological transudates of congestive 


TADLE IV 


Observations on 3 patients exhibiting a relapse while under treatment for severe congestive failure 


Case 

num- 

ber 

Age 

Date 

Diagnosis 

Height 

Weight 

Pre- 
dicted 
total 
blood 
volume 
based on 
height 


Circu- 

lation 

time 

Hem- 

ato- 

crit 

Blood volume 

Deviation 

from 

predicted 

normal 

total 

volume 

Plas- 

ma 

Red 

cell 

Total. 

75* 

years 

35 

Sept. 10. 1935 
Sept. 24, 1935 

Oct. 9. 1935 

Nov. 28. 1935 

Rheumatic heart dis- 
ease. mitral stenosis 
and insufficiency, 
auricular fibrillation, 
hypertension 

cm. 

162.5 

kgm. 

86 

75 

76 

70 

cc, 

3980 

mm. 

lUO 

210 

130 

135 

135 

sec- 

onds 

43 

47 

53 

53 


cc. 

5650 

4040 

3690 

4170 

1 

cc, 

9600 

7800 

7430 

8280 

cc. 

per 

kgm. 

111.3 

104.0 

97.5 

118.2 

per cent 

141.0 

96.0 

86.5 

108.0 

not 

23 

Nov, 11. 1935 

Rheumatic heart dis- 

180.0 

71.8 

5700 

230 

54 

37.9 

6610 



148.0 

86.4 



Nov. 27, 1935 

ease, mitral stenosis 


67.0 


85 

39 

39.1 

4240 



mbmil 

20.2 



Dec. 16. 1935 

and insufficiency, 


75.6 


160 

63 

37.7 

4960 

3010 

7970 

105.2 

39.8 



Jan. 8, 1936 

auricular fibrillation 


61.6 


130 

38 

35.9 


2400 

6680 

108.7 

17.2 

not 

50 

Dec. 2, 1935 

Hypertension, 

165.0 

72.0 

4990 

WM 

45 

38.1 

3700 


5970 

82.9 

19.9 



Dec. 9. 1935 

chronic myocarditis. 


64.8 


■Qsl 

41 

42.6 

3020 

2230 

5250 

80.8 

5.4 



Dec. 16. 1935 

aortic insufficiency 


65.2 



56 

40.7 

3110 

2130 

5240 

80.4 

5.2 



Dec. 23. 1935 



64.2 


140 

80 

37.0 

4160 

2460 

6620 


32.9 



Jan. 18, 1936 



58.4 


45 

31 

36.0 

3300 

1850 

5150 

88J 

3.4 


* Some difficulty was experienced in determining the proper maintenance dose of digitalis in this patient. There 
was a relapse between the 3d and 4th blood volume determinations, 

t Suffered a relapse following an acute upper respiratory infection between the 2d and 3d blood volume determi- 
nations. _As the infection subsided this patient's cardiac status improved. 

t This patient’s course was very fluctuating with periods of improvement and relapse, so that compensation was 
never well established. 


TABLE V 


Observations on 5 patients with chronic congestive heart failure exhibiting fluctuating clinical courses termmating fatally 


Case 

num- 

ber 

Age 

Date 

Diagnosis 

Height 

Weight 

Pre- 
dicted 
total 
blood 
volume 
based on 
height 

Ve- 

nous 

pres- 

sure 

Circu- 

lation 

time 

Hem- 

ato- 

crit 

Blood volume 

Deviation 

from 

Plas- 

ma 

Red 

cell 

Total 

normal 

total 

volume 

IS 

Male* 

years 

30 

March 8. 1935 
March 3, 1935 
Nov. 3, 1935 

Nov. 20. 1935 

Rheumatic heart dis- 
ease, mitral insuffi- 
ciency, auricular 
fibrillation 

cm, 

167.7 

kgm. 

52.0 

52.0 

52.0 

48.4 

CC. 

5170 

mm. 

HiO 

105 

120 

110 

90 

sec- 

onds 

63 

38 

83 

42 

per 
cent 
of cells 
44.7 

42.5 
44.3 

38.6 

cc. 

2930 

3085 

2930 

2910 

cc. 

2370 

2275 

2330 

1820 

cc. 

5300 

5360 

5260 

4730 

cc. 

per 

kgm. 

101.9 

103.0 

101.2 

97.6 

per cent 

-f 2.5 
+ 3.7 
-h 1.7 
+ 0.9 

16 

Male 

50 

March 11. 1935 
March 23, 1935 
June 22, 1935 

July 17, 1935 

Sept. 10. 1935 

Chronic myocarditis, 
bundle branch block 

170.1 

59.2 
54.8 

61.2 
58.4 
57.2 

5310 

75 

220 

75 

50 

49 

47 

42 

35 

39 

35.3 
31.7 

38.4 
37.1 

37.4 

3715 

4320 

3370 

3490 

3420 

1 

5730 

6330 

5470 

5560 

5460 

96.8 

115.2 

89.5 
95.2 

95.5 

-h 7.9 
-i-I9.2 
+ 6.8 
+ 4.7 
+ 2.8 

24 

Malet 

42 

May 10, 1935 

May 23, 1935 

Syphilitic aortitis, 
aortic insufficiency, 
hypertension 

168.9 

■ 

5240 

no 

23 

25 

43.8 

38.8 

2530 

2960 

1950 

1870 

4480 

4830 

85.1 

88.2 

-14.5 
- 7.8 

49 

Fe- 

male 

36 

June 26. 1935 

July 11, 1935 

Rheumatic heart dis- 
ease, mitral stenosis 
and insufficiency 

158.8 

■ 

3890 

215 

150 

57 

64 

50.7 

50.0 

3250 

3280 

B 

6580 

6560 

112.2 

108.4 

-f67.5 

-h67.0 

ISl 

Fe- 

male 

22 

Feb. 23, 1936 
March 3, 1936 

Rheumatic heart dis- 
ease, mitral stenosis 
and insufficiency, 
aortic insufficiency 

157.3 

1 

3850 

210 

70 

30 

34 

42,4 

40.0 

2580 

2730 

1890 

1820 

4470 

4550 

104.0 

109.5 

-1-16.1 

-1-18.2 


* This patient underwent the operation of cardiolysis twice during the observation period without relief of sy p- 
toms. At no time did he have marked edema. ^ .. j i mlnme 

t This patient had been in chronic failure for 16 years and was extremely cachectic. The predicted normal vo 
probably represents too high a value. 
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heart failure. We have been unable to detect the 
presence of the dye in edema fluid withdrawn 
from the legs by Southey tube, or in ascitic or 
thoracic fluid obtained by paracentesis from pa- 
tients having large amounts of dye in their blood 
stream at the time the fluids were obtained. 
Evans and Gibson (18) showed that Evans Blue 
does not accumulate in the edema fluids of dogs 
rendered edematous by plasmapheresis even 
though a high concentration of dye in the blood 
stream was maintained by repeated injections 
while the edema was forming. It seems clear 
therefore that the presence of edema does not 
invalidate the method of plasma volume deter- 
mination employed in this study. 

We wish to emphasize the fact that many of the 
patients studied in this investigation were in a 
condition of chronic congestive failure, many of 
them having survived one or more attacks of de- 
compensation. Since this disorder is character- 
ized by a progressive wasting of the blood-holding 
tissues, it is very probable that the “ normal ” 
values for many of the individuals, in a state of 
decline when the first determinations were made, 
would be considerably lower than those arbitrarily 
employed in this study. It is therefore probable 
that, in a given individual, the percentage increase 
over levels prevailing in a state of compensation 
to which blood volume rises at the height of con- 
gestive failure is far greater than indicated by the 
percentage increase from estimated normal vol- 
ume as described above. 

That some degree of elevation of blood volume 
may precede the development of physical signs of 
congestive failure is suggested by the data given 
in Figure 1. An average increase of 4.4 per cent 
above normal occurred in the patients in Group 
II, none of whom exhibited any physical signs of 
congestion but did have definite symptoms of 
limited cardiac reserve. 

We are unable to confirm the finding of the 
existence of two contrasting types of congestive 
heart failure as regards the state of the blood 
volume, the so-called “ plus ” and “ minus ” types, 
described by Wollheim (9), Levin (13), and 
Goldbloom and Libin (14). All of our patients 
who could be classified as exhibiting the clinical 
aspects of the so-called “ minus " type of failure 
(Cases 38, 56, 77, and 36), with clinical improve- 
ment experienced fair to moderate diureses and 


had a decrease in blood volume. Case 77 (Table 
III) is of particular interest in this regard. This 
elderly woman with mitral stenosis and hyperten- 
sion was definitely undernourished, and while the 
initial volume during frank failure was only 
slightly above the estimated normal value, the 
response to therapy was satisfactory, was accom- 
panied by a weight loss of 3.2 kgm. following 
moderate diureses, and the blood volume under- 
went a reduction of 750 cc. We conclude that the 
conception of a “ minus ” type of failure is a mis- 
conception arising from errors inherent in the 
techniques employed. 

The above authors employed various modifica- 
tions of the original Keith-Rowntree technique 
using red dyes and the Dubosq or related types 
of colorimeters. Graff and Clarke (19) showed 
that hemolysis of samples could give rise to large 
erors when red dyes were used. H. E. Smith 
(20) proved that errors amounting to 25 per cent 
in either direction could be introduced by the pres- 
ence of residual dye from previous determina- 
tions in the “ dye-free ” sample. Errors in color- 
imetry when the Dubosq type of colorimeter is 
used, as shown by Gregersen, Gibson and Stead 

(15) and Gibson and Evans (16), due to inequal- 
ity of dye concentration of standard and sample 
are of such a nature and degree as to give falsely 
low values in cases with high volumes (in which 
the dye is greatly diluted so that the standard is 
more concentrated than the sample), and falsely 
high volumes in cases with low values, the de- 
gree of error being possibly 20 per cent. We 

(16) have shown that the mixing of dye in the 
blood stream is greatly prolonged in congestive 
heart failure, that an error arises which is in the 
direction of a falsely low volume when the calcu- 
lation is based on the dye concentration of samples 
taken before mixing is complete, and that this 
error may be as large as 20 per cent in severely 
decompensated cases. The procedure of using a 
single sample after injection of the dye involves 
errors due to dilution of dye by lymph, and to 
variations in the rate of disappearance from the 
blood stream. 

It is obvious that with all these uncontrolled 
sources of error inherent in the techniques em- 
ployed in previously reported studies, two of the 
most significant of which tend to give falsely low 
values in subjects with large plasma volumes and 
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slowed circulation, the finding of low volumes 
during failure with increases during compensation 
is an erroneous one. 

CONCLUSIONS . 

1. In heart disease the change from the com- 
pensated to the decompensated state is accom- 
panied by a progressive increase in the volume of 
plasma and red cells. 

2. This increase is shared to a slightly less ex- 
tent by the plasma than by the corpuscles, result- 
ing in a slight concentration of the blood. 

3. The average degree of increase in blood vol- 
ume above normal parallels the average degree of 
elevation of venous pressure and slowing of cir- 
culation time. 

4. During recovery from congestive failure 
there is a diminution in both plasma and cell 
volume, the degree of decrease in plasma in most 
cases being at first more rapid than that of the 
corpuscles, resulting in varying degrees of blood 
concentration. With continued compensation the 
proportion of cells to plasma returns to within 
normal limits. The decrease in total volume 
parallels the degree of clinical improvement. 

5. In no case was an increase in volume during 
recovery from chronic congestive failure observed. 
Relapses to more severe degrees of circulatory 
failure are accompanied by maintained elevation 
of, or further increases in blood volume. 

,We wish to acknowledge our appreciation of the ad- 
vice and encouragement of Professor Henry A. Christian 
and Dr. Samuel A. Levine. 
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The hypothesis advanced by Rehberg in 1926 
(18) that the clearance of creatinine is identical 
with the glomerular filtration' rate in man has 
stimulated much experimental work in the past 
decade. But in spite of a considerable body of 
confirmatory evidence in support of Rehberg’s 
original position, it cannot be said that the actual 
identity of creatinine clearance with glomerular 
filtration has been established in man. Chasis, 
Jolliffe, and Smith (1), Jolliffe and Chasis (9), 
and Shannon (24) have brought forward certain 
evidence which they interpret as indicating partial 
renal secretion, of creatinine in man. The studies 
reported here are concerned with simultaneous 
creatinine, urea, and (in some cases) sucrose 
clearances determined in successive consecutive 
periods. Sucrose was chosen as a substance for 
comparison with creatinine because its behavior 
is fairly typical of the whole group of non- 
metabolized sugars investigated by Smith and 
Shannon and their associates (1, 9, 10, 11, 27). 
It may be safely injected intravenously, is readily 
measured, and is quantitatively recoverable in the 
urine (12, 13). Urea was included because its 
behavior has been more widely studied than that 
of any other so-called “ clearance ” substance. 

MATERIALS AND METHODS 

In this study are included only subjects with creatinine 
clearances in the “ normal " range — i.e„ greater than 100 
cc. per minute. The subjects were normal volunteers 
and patients with a variety of clinical conditions not di- 
rectly affecting the kidneys. No attempt was made to 
standardize the experimental procedure too rigidly, since 
this would in part have defeated the purpose of the 
project, viz., to study the variations in the clearances. In 

^ This investigation was aided by a grant from the 
Fluid Research Fund of Yale University, School of 
Medicine. 

- Alexander Brown Coxe Fellow. 

2 Fellow of the University of Madrid, and Honorary 
Fellow of Yale University. 


general the procedure was as follows: At seven o’clock 
on the day of the experiment the subject was given a 
single dose of creatinine (10 or IS grams) and 400 cc. of 
water. From 30 to 60 minutes later 25 or 30 grams of 
sucrose were given intravenously in 100 cc. of water. 
The first urine, taken between 30 and 90 minutes after 
the creatinine, was discarded. A blood specimen was then 
taken, followed at intervals by more specimens of blood 
and urine until the close of the experiment. Large 
amounts of water were usually taken during the first 
hour of the experiment and sometimes even later, so that 
most of the experiments include a considerable period of 
water diuresis. When the creatinine was administered 
intravenously, the collection of urine was started about 
30 minutes later. In all the sucrose experiments, the 
first sucrose period was started at about this same inter- 
val after the injection of the sucrose. Exact time and 
divisions of periods are indicated in the table summariz- 
ing the clearances. 

No attempt was made to synchronize precisely urine 
collections and blood specimens, save that in general one 
blood specimen was secured at the beginning of the first 
urine period, one at the end of the last urine period, and 
one or more to correspond to each intervening urine pe- 
riod. 

The clearances themselves were calculated by extra- 
polation. In the actual determination of clearances an 
instantaneously determined quantity (serum concentra- 
tion) must be compared with an average quantity (av- 
erage e.xcretion rate during a definite period). In defin- 
ing a method applicable to all substances at all serum 
concentrations an entirely general and self-consistent 
mode of approach must be employed. The method used 
here is as follows (Figure 1). The various individual 
serum concentrations were first plotted against time 
(asterisks), and a smooth curve EFF'“- was drawn 
through the points. The urine excretion rate was next 
plotted as a series of straight lines BC, B'C', •••. The 
area under the serum concentration curve corresponding 
to each urine period (AEFD, DFF'D', •••) was thm 
measured accurately. Each area divided by its abscissa 
is mathematically the mean value of the serum concentra- 
tion corresponding to that particular urine collection in- 
terval. The clearance was then calculated as urine excre- 
tion rate divided by this mean serum figure. The mean 
clearance thus determined must be distinguished from the 
instantaneons clearance, which is defined not over a pe- 
riod but rather at a given instant (instantaneous cxcrc- 
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tion rate: serum concentration). The limit of the mean 
clearance equals the instantaneous clearance as the time 


interval during which the urine is collected approaches 
zero. Any analysis less precise than the foregoing is 
bound to lead to inconsistencies. 

All analyses were made on Folin-Wu tungstic acid 
filtrates of serum. Creatinine was determined by a slight 
modification of the original method of Folin (6, 7), su- 
crose as the difference between the concentration of re- 
ducing substance before and after acid hydrolysis, meas- 
ured by the method of Shaffer and Somogyi (21). Se- 
rum sucrose values less than 25 to 30 mgm. per cent were 
rejected. Urea in earlier experiments was determined by 
the aeration method of Van Slyke and Cullen (31), later ' 
by the gasometric urease method of Van Slyke (29). 
These gave substantially the same values for clearances 
(32). Earlier a simple colorimeter, later a Hastings 
compensating colorimeter, was employed in the estimation 
of creatinine ; with suitable standards good agreement be- 
tween the results with the two instruments was obtained. 
Accuracy in measurement of serum creatinine was greater 
with high serum creatinine levels; as will be seen from 
Table I, observations with serum creatinine less than 5 
mgm. per cent were excluded and the readings were made 
preferably in the range of 10 to 20 mgm. per cent. 


TABLE I t 

Subjects without renal disease 








Concentration in serum 

Clearance 

Clearance ratio 

Num- 

Nature of case 


Dose 


.. . 










her 

rcnoa 

C 



C 

S 

U 

C 

S 

U 

C/S 







grams 

minutes 


mgm. 

mgm. 

mgm. 

cc, per 

ce. per 

ce. per 








per cent 

per cent 

per cent 

minute 

minute 

minute 



12.1 

I 

Hyperthyroidism 

1 

10 

95 

2.3 

13.0 

139 


254 

100 

21 

2.5 

4.8 


M,, 39 years, 68 kgm. 

2 


139 

3.8 

13.8 

85 

13.0 

216 

no 

54 


2.0 

4.0 



3 


182 

9.7 

12.0 

44 

13.0 

189 

128 

mm 

1.5 

1.3 

1,9 



4 


226 

3.7 

10.2 

27 

12.8 

154 

120 

52 

1.3 

2.3 

3.0 



5 


289 

2.1 

8.6 

19 


200 

136 

71 

1.5 

1.9 

2.8 

II 

Normal 

1 

10 

110 

2.9 

10.1 

133 

11.0 

150 

126 

46 

1.2 

2.7 

3.3 

F,, 35 years, 50 kgm. 

2 


147 

8.0 

8.0 

81 

11.0 

189 

141 

60 

1.3 

2.4 

3.2 


3 


178 

12.1 

6.9 

58 

10.9 

136 

108 

49 

1.3 

2.2 

2.8 



4 


207 

12.3 

6.1 

40 

11.4 

146 

111 

50 

1.3 

2.2 

2.9 

III 

Chronic arthritis 

1 

15 

100 

3.2 

16.8 

162 

9.5 

235 

143 

45 

1.6 

3.2 

5.9 

2.0 

2.0 

M., 29 years, 58 kgm. 

2 


140 

4.3 

15.0 

94 

9.1 

152 

128 

81 

1.2 

1.6 


3 


168 

5.0 

12.8 

62 

9.1 

121 

122 

63 

1.0 

1.9 

IV 

Hyperthyroidism, 

1 

15 

120 

1.2 

10.8 

72 

16.7 

132 

114 

44 

1.2 

3.0 

2.6 

2.6 

2.7 

2.2 


auricular fibrillation 



154 

2.3 

9.8 

54 

16.0 

278 

259 

95 

in 


M., 43 years, 81 kgm. 



192 

1.0 

8.3 

33 

15.2 

149 

126 

57 

1.2 

2.6 

V 

Normal 

1 

10 

31 

10.7 

14.5 


11.6 

226 


74 



3.1 

3.4 

4.2 
2.7 

2.5 

2.2 
2.0 

2.7 

3.7 

M., 26 years, 88 kgm. 

2 


48 

9.1 

15.0 


13.0 

203 


60 




3 


69 

9.9 

12.5 


13.0 

209 


50 





4 

5 


94 

114 

10.7 

12.3 

10.2 

9.4 


11.2 

10.9 

181 

179 


66 

72 





6 


145 

11.4 

7.8 


10.5 

181 


83 





7 


156 

8.6 

6.8 


10.3 

170 


85 





8 


198 

13.9 

4.8 


12.5 

276 


102 





9 


260 

2.1 

4.0 


17.2 

191 


52 



VI 

Normal 

1 

10 

134 

2.1 

17.0 


10.0 

187 


52 



3.6 

* 


F,, 32 years, 70 kgm. 

2 


232 

1.3 

13.4 



169 





2.5 


3 


305 

2.5 

10.6 


20.0 

129 


52 



2.3 



4 


460 

0.7 

8.2 


16.0 

96 


41 
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TABLE I — Continued 


Num- 

ber 

Nature of case 

Period 

Dose 

C 

Time 

Urine 

Concentration in serum 

Clearance’ 

Clearance ratio 

C 

s 

U 

c 

S 

U 


M 

c/u 






cc»per 

mzin. 

mgm. 

mgm. 

ce. per 

ce. per 

CC. per 









minute 

Percent 

per cent 

percent 

minute 

minute 

minute 




VII 

Rheumatic heart disease 


10 

107 

3.8 

13.6 


11.7 

184 


83 



2,2 


M., 20 years, 60 fcgm. 



154 

3.9 

12.0 


« 

183 


« 



« 





198 

10.8 

10.8 


11.2 

178 


127 



1.4 





245 

7.0 

9.8 


13.0 

157 


61 



2.6 





302 

1.6 

8.6 


12.8 

145 


63 



2.3 

VIII 

Obstructive jaundice 

1 

10 

153 

0.6 

14.3 


« 

139 


« 



♦ 


M., 50 years, 55 kgm. 



203 

0.7 

11.2 


38.6 

149 


31 



4.8 





247 

0.8 

9.4 


39.5 

143 


38 



3.8 





317 

0.8 

8.0 


32.1 

155 


38 



4.1 

IX 

Cirrhosis of liver 

1 

10 

53 

■a 

16.6 

75 

14.2 

221 

156 

85 

1.4 

1.9 

2.6 


M., 39 years, 67 kgm. 



97 


13,5 

42 

13.0 

186 

149 

84 

1.3 

1.8 

2.2 





141 

la 

10.4 

28 

12.5 

185 

150 

84 

1.2 

1.8 

2.2 

X 

Diabetes mellitus 

1 

10 

54 

2.4 

24.2 

90 

11.6 

197 

180 

82 

1.1 

2.2 

2.4 


M., 31 years, 57 kgm. 



104 

1.5 

15.0 

61 

11.7 

188 

150 

76 

1.3 


2.5 





171 

1.0 

9.5 

33 

12.6 

218 

162 

66 

1.3 

2.5 

3.3 

XI 

Diabetes mellitus 

1 

10 

53 

4,0 

25.5 

135 

16.1 

206 

108 

100 

1.9 

1.1 

2.1 


M., 47 years, 71 kgm. 



89 


18.0 

93 

15.0 

167 

137 

93 

1.2 

1.5 

1.8 





120 


14.0 

73 

14.6 

165 

107 

80 

1.5 

1.3 

2.1 





160 

Km 

10.8 

55 

14.8 

183 

121 

88 

1.5 

1.4 

2,1 

xri 

Hyperthyroidism 

1 

10 

54 

2.8 

26.0 

150 

11.5 

168 

139 

65 

1,2 

1.4 

2.6 


F,, 21 years, 50 kgm. 



94 

3.4 

18,5 

78 

9.4 

217 

208 

94 

1.0 

mm 

2.3 





135 

4.8 

14.5 

46 

9.2 

210 

207 

103 

l.C 

2.0 

2.0 

XIII 

Chronic arthritis 

1 

9 

60 

7.1 

26.0 


7.2 

204 


76 



2.7 


F,, 38 years, 59 kgm. 



105 

mSi 

18.0 


6.6 

169 


78 



2.2 





156 


12.5 


6.6 

205 


70 



2.9 

XIV 

Normal 

1 

10* 

53 


17.0 


17.0 

215 


93 



2.3 


M., 25 years, 75 kgm. 

2 


89 

2.0 

12.4 


15.9 

171 


72 



2.4 



3 


129 

8.0 

10.1 


15.5 

147 


90 



1.6 



4 


180 

5.5 

7.6 


15.0 

141 


75 



1.9 



5 


235 

2.1 

6.0 


13.7 

154 


77 



2.0 



6 


308 


5.0 


12.8 

139 


74 



1.9 



7 


390 

la 

4.3 


11.9 

149 


83 



1.8 


* Urea injected intravenously, 

_ t C stands for creatinine, S for sucrose, and U for urea nitrogen. All times are calculated to the middle of the 
period, and all serum concentration figures are extrapolated values. Italic type indicates that the dose of creatinine 
was administered intravenously. 


RESULTS 

The results of 14 such experiments are pre- 
sented in Table I. They may be analyzed in 
several ways. 

(o) Variability of the individual clearances. 
All three of the clearances vary markedly in suc- 
cessive periods in the same individual. There is 
a definite tendency in 8 of the 14 cases, Experi- 
ments I, III, V, VI, VII, IX, XI, XIV, for crea- 
tinine clearances to be high in the earlier periods 
of the experiments and to decline in successive 
periods thereafter. Of the remainder, four. Ex- 
periments II, IV, X, XIII, are steady or ir- 
regular, while only two, E.xperiments VIII, XII, 
show any tendency to rise. Neither the sucrose 


nor the urea clearance exhibits any such tendency 
toward systematic decline, although both vary con- 
siderably from period to period. The sucrose 
clearances are the most stable of the three. The 
urea clearances are apparently the most variable, 
but without systematic trend, save with urine flow. 
The relation to urine flow is considered below. 

By the exclusion of creatinine clearances below 
100 cc. per minute a somewhat arbitrary lower 
limit has been adopted. It is dear, however, tiiat 
in subjects with “ normal ” kidneys the creatinine 
clearance may range anywhere from 100 to 250 
cc. per minute, and that a proportionately wide 
range exists for the “ normal ” clearance limits of 
the other two substances. 
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(b) Relation of the clearances to one another. 
All of these clearances tend to vary together. In 
other words, the ratios of the clearances to one 
another are on the whole less variable than the 
clearances themselves. However, the creatinine 
clearance, unlike the other two, tends to decline 
with time. One aspect of this phenomenon is 
shown in Figure 2, in which the ratio of creati- 
nine; sucrose clearance is plotted against time. 



Fig. 2. Variation of Creatinine: Sucrose Ratio 
WITH Time 


In three of the eight experiments the ratio drops 
sharply with time, while in two others it falls off 
moderately. In the other three there is little 
change. The creatinine : urea ratio is more vari- 
able, reflecting the greater variability of the urea 
clearance (Figure 3), but here also the declining 
tendency of the ratio is noticeable. It seems quite 
clear that the creatinine clearance declines not 
only in absolute amount but in relation to the su- 
crose and urea clearances as well. 

Iri no case is there a departure from the se- 
quence of magnitude, creatinine > sucrose > 
urea, in spite of the individual variation in the 
clearances. The creatinine ; urea ratio varies 
from a maximutn of 12.1 to a minimum of 1.4; 
but omitting the two highest values which are 
associated with very low urea clearances and very 
low urine flow, the upper limit is reduced to 4.0. 
Within this range all values are found, most of 
them falling between 2.0 and 3.0. Sucrose clear- 
ances in general are somewhat closer to the creati- 
nine than to the urea clearance, the absolute value 
of the creatinine : sucrose ratio varying from 2.5 
to 1.0. The absolute value of the sucrose: urea 


ratio varies between 4.8 and 1.1, but the omission 
of the same pair of low urea clearances reduces 
the upper limit to 2.7. 

(c) Variation of clearances with urine flow. 
This is most marked in the case of the urea clear- 
ance, at high (greater than 2 cc. per minute) 
rates of urine flow as well as at low. No evidence 
of any definite augmentation limit appears from 
these data. Thus in Experiment I the urea 
clearance rose as urine flow increased from 3.8 
to 9.7 cc. per minute, only to fall back to its pre- 
vious value when the urine flow dropped back to 
3.7 cc. per minute. In other instances, as in 
Experiment II, a phenomenon similar to that ob- 
served by Shannon (26) in the dog is seen. As 
the urine flow increased from 2.9 to 8.0 cc. per 
minute the urea clearance rose, only to drop to its 
former value with further increase in urine flow. 
A rise of urea clearance with rising urine flow 
and subsequent fall with decreasing urine flow 
occurred in Experiments VII and XIV, and iri the 
last three periods of Experiment V. 

It is harder to make definite statements con- 
cerning the creatinine and sucrose clearances, es- 
pecially since the fluctuations of the former with 
time tend to outweigh other factors. The drop, 
of the creatinine clearance between Periods 8 and 
9 of Experiment V may be taken as an instance 
when variation of urine flow was associated with 
similar variation of both the creatinine and the 
urea clearances, while in the first four periods 
of Experiment I, sucrose and urea clearances 
varied directionally with urine flow. Other ap- 
parent examples of this sort may be picked out. 

It is, however, quite clear that the tendency of the 
creatinine clearance to fall off with time cannot 
usually be correlated with falling rates of urine 
flow. Whatever tendency the creatinine and su- 
crose clearances have to vary with urine flow is 
much less consistent and less marked than is the 
case with urea. 

The sucrose clearance behaves with respect to 
variation in urine flow like the creatinine rather 
than the urea clearance. In other words it does 
not fall off with very low volumes as consistently 
as does the urea clearance (30). 

(ri) Variation of clearances with serum con- 
centration. The sucrose and the urea clearances 
do not vary systematically with changes in the 
concentrations of sucrose and urea in serum re- 
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spectively. The falling of the creatinine clear- declined. The existence of so many exceptions 
ances with time is in general directly correlated to the correlation is strong evidence that the as- 
with a decline in serum creatinine concentration, sociation is accidental, due to the mode of plan- 
Since a single large dose of creatinine was given ning of many of the experiments, 
a short period before the commencement of the (e) Intravenous and peroral administration. 
experiments, and not repeated later, it was inevi- Creatinine was given orally in 8 subjects and in- 
table that the serum creatinine be in a declining travenously in 6. The peculiar behavior of the 



phase throughout the greater part of the experi- 
ments, irrespective of the mode of variations of 
the clearances. The fortuitous nature of the 
correlation is indicated by the existence of certain 
instances in which the creatinine clearances fell 
off while the serum concentration was still rising 
slightly (Experiment I, Periods 1 to 2; Experi- 
ment V, Periods 1 to 2). In Experiments II and 
X the serum creatim’ne fell off while the clear- 
ances did not, and in Experiment XII the clear- 
ance actually rose while the serum concentration 


creatinine clearance is equally apparent in both 
groups. There is no evidence from the experi- 
ments that the administration of either creatinine 
or of sucrose intravenously in the concentrations 
and amounts used had any appreciable effect on 
the clearances themselves or on urine flow. In 
the 4 experiments in which small amounts of urea 
were injected simultaneously with the creatinine, 
in one instance only (Experiment VII, Period 3) 
did the urea clearance rise following the injection, 
(/) TyP^ of case. No definite inference can 
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be drawn because of the limited number of con- 
ditions represented. The three patients with hy- 
perthyroidism (Experiments I, IV, XII) had 
rather high clearances with more than the aver- 
age degree of variability. This is consistent with 
the observations of others (IS). 

DISCUSSION 

If two entirely different substances have nu- 
merically identical clearance values, a simple ex- 
planation for such identity may be found in their 
common excretion by filtration alone. Any other 
explanation would be difficult and arbitrary, es- 
pecially in the face of all the collateral evidence 
demonstrating the reality of glomerular filtration. 
Three or more substances having identical clear- 
ances would still further increase the improba- 
bility of any alternative explanation. It is es- 
sential that the substances differ both chemically 
and physiologically ; for example, identity of 
clearances of several foreign sugars is not nearly 
such cogent evidence. 

In the dog, both the creatinine and the inulin 
clearances are identical (19, 23, 25). Also, Van 
Slyke, Hiller and Miller (33) have recently shown 
that the ferrocyanide clearance is identical with 
the clearances of these other two. If the general 
theory of filtration and reabsorption is accepted, 
then certainly the burden of proof rests on the 
shoulders of anyone who would deny that this 
common clearance of creatinine, inulin, and fer- 
rocyanide represents the actual glomerular filtra- 
tion rate in the dog. Unfortunately, no such 
identity is demonstrable in man. Creatinine 
clearance in man is definitely somewhat higher 
than that of inulin (24) and much higher than 
that of ferrocyanide (17). By analogy with the 
dog it may reasonably be supposed that the glo- 
merular filtration rate is somewhat in the neigh- 
borhood of the inulin and creatinine clearances, 
but the assertion that one or the other of these 
substances represents the true filtration rate is at 
present distinctly arbitrary. 

At first glance creatinine would seem to be more 
likely than inulin, because its clearance is some- 
what the larger. However, Shannon (24) bases 
his belief that inulin is simply filtered and crea- 
tinine both filtered and secreted, partly on the 
behavior of the creatinine clearance after phlori- 


zin (1, 28), but more especially on the peculiar 
behavior of the creatinine : inulin ratio aher the 
intravenous injection of large amounts of crea- 
tinine. At the start of these experiments with 
the serum creatinine at 10 to 20 mgm. per cent 
the creatinine : inulin ratio was about 1.4. Re- 
peated injections of creatinine were given so that 
the serum creatinine level rose to about 100 mgm. 
per cent, and simultaneously the creatinine : inulin 
ratio fell to about 1.1 and remained there. This 
fall in ratio was accomplished almost entirely 
through a drop in the creatinine clearance, the 
absolute value of the inulin clearance changing 
but little. However, as the serum creatinine 
dropped gradually back to its initial level, the 
creatinine : inulin ratio remained at 1.1 instead of 
rising to 1.4 again. Shannon attempts no ex- 
planation of this latter effect, but concludes that 
creatinine clearance varies with senun concen- 
tration, and that consequently, in man, the inulin 
clearance is a truer measure of glomerular fil- 
tration than is the creatinine clearance. 

In a considerable proportion of experiments 
here reported the creatinine clearance fell in the 
successive periods after the administration of the 
substance both absolutely and relative to the su- 
crose clearance. Since sucrose behaves as does 
xylose (10, 11, 12), yielding clearances constantly 
20 or 25 per cent less than inulin, these experi- 
ments may be related to those of Shannon just 
mentioned. In both sets of experiments the in- 
itially high creatinine : sugar ratio gradually de- 
clined during successive periods, and in both sets 
this drop was brought about through a decline m 
absolute value of the creatinine clearance, the 
sugar clearance remaining practically constant. 
In Shannon’s experiments the decline in ratio is 
partly associated with rising concentration of crea- 
tinine in the serum, while in ours the correlation 
is, if anything, with a declining serum concentra- 
tion. The emphasis which Shannon lays on the 
correlation between absolute serum creatinine con- 
centration and creatinine : inulin ratio is, however, 
not justified by his own data, since in the later 
stages of his experiments the serum concentra- 
tion of creatinine declines from higher to much 
lower levels without change in the ratio. It ap- 
pears as though the correlation in his experiments 
between rising serum concentration and declining 
ratio were fortuitous, depending on the manner in 
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which the experiments were performed. Cer- 
tainly our results are entirely consistent with those 
of Shannon; only the common factor with which 
the drop in the creatinine clearance and the crea- 
tinine : sugar ratio may be correlated is not serum 
creatinine concentration, but time after injection 
or ingestion. If it be assumed that for some 
reason creatinine is eliminated at an abnormally 
high rate after a large exogenous dose, and then 
at a more usual rate in later periods, the two sets 
of experiments are entirely consistent. 

Abnormally high clearances immediately after 
giving creatinine have certainly been observed be- 
fore. The protocols of Chrometzka and Unger 
(2), of Iverson and Jacobsen (8) and of Medes 
and Bergiund (14) offer examples of this effect. 
Rehberg’s original protocols show the effect to 
a slight degree (18) as do those of Dominguez 
and Pomerene (5). Indeed, these latter authors 
base their major contention on this observation, 
but interpret it as a minor artificial perturbation 
due to the inclusion of “ endogenous ” with 
“ exogenous ” creatinine of serum and urine in 
the usual calculation of clearance. They show 
that if the clearances are “corrected” by sub- 
tracting from the creatinine of serum and urine 
the endogenous fraction, the progressive decline 
of values is eliminated. They conclude therefrom 
that endogenous and exogenous creatinine are ex- 
creted by different mechanisms. At the levels of 
serum and urine creatinine in most of our experi- 
ments such endogenous “ corrections ” are quanti- 
tatively very small and certainly fail entirely to 
bring successive clearances into line. It seems 
probable that Dominguez and Pomerene were ob- 
serving a phenomenon similar to that here re- 
ported, but were misled by the accidental coinci- 
dence of the magnitude of the necessary mathe- 
matical adjustment with the normal values of en- 
jlogenous creatinine. It should be noted that their 
doses of creatinine as well as those of Rehberg 
were one-half to one-third as great as ours. Simi- 
lar considerations apply to the proposed correction 
of Cope (3), which was to be applied to the serum 
creatinine values alone. 

Some caution is necessary before interpreting 
these irregular fluctuations in the creatinine clear- 
ance as “ tubular secretion ” over and above glo- 
merular filtration along the lines suggested by 


Shannon and Smith. However, an interpretation 
of these fluctuations as actual changes in glomeru- 
lar filtration rate makes it very difficult to under- 
stand the simultaneous stability of the other clear- 
ances. Still another interpretation is possible, viz., 
that some of the Jaffe reacting substance in the 
serum is not true creatinine, and that the propor- 
tion of this non-creatinine chromogenic substance 
decreases with time. This is rendered most im- 
probable by the recent demonstration by Miller 
and Dubos (16) that all the chromogenic sub- 
stance in normal serum is true creatinine. Clearly 
an explanation of this type is fanciful; the pre- 
ponderance of evidence favors tubular secretory 
activity as the explanation presenting the fewest 
difficulties. 

It cannot be too strongly emphasized that our 
observations relate only to man. In the dogfish, 
relatively enormous creatinine : inulin ratios have 
been observed (22), of an entirely different order 
of magnitude from those seen in man. This phe- 
nomenon may well be due to quite different 
causes. Some tendency for the creatinine clear- 
ance to fall off with time has been observed in 
dogs by Davenport, Fulton, Van Auken and Par- 
sons (4), and by Schmitz (20). In view of the 
repeated demonstrations by Shannon and others 
of the identity of creatinine and inulin clearances 
in this animal, it is only reasonable to assume that 
these changes represent actual changes in glomer- 
ular filtration rate, and are not comparable to the 
phenomenon observed by us in man. 

The practical implication of our data in the in- 
terpretation of single clearances is obvious. Sin- 
gle creatinine clearances, without regard to time 
after administration, are grossly misleading, if 
they are assumed to be measures of filtration rate. 
Urea clearances vary so much with urine flow that 
all individual clearances must be interpreted with 
this in mind. And sucrose is presumably reab- 
sorbed to a slight but uncertain extent. Thus, 
though all these clearances tend to vary together, 
each is subject to specific perturbing factors. 
Hence no one of them may be considered an abso- 
lute measure of glomerular filtration ; yet, subject 
to the several reservations that have been set forth 
with each individual substance, they are all relative 
measures of glomerular filtration. 
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CONCLUSIONS 

1. Creatinine, sucrose and urea clearances in 
man, while subject to considerable variation in 
the same individual, tend to vary together. 

2. The order of magnitude of clearances: cre- 
atinine > sucrose > urea is rigidly maintained. 

3. Creatinine clearances sometimes tend to be 
high in periods immediately following the admin- 
istration of the creatinine, but fall off as time goes 
on. 

4. Sucrose and urea clearances measured simul- 
taneously have no such tendency to decline with 
time. 

5. This peculiar behavior of creatinine prob- 
ably represents varying tubular secretion rather 
than varying glomerular filtration. 

6. Creatinine, sucrose and urea clearances are, 
subject to certain limitations inherent in each one, 
satisfactory relative measures of glomerular fil- 
tration. None of them is an absolute measure of 
glomerular filtration. 

7. Individual creatinine clearances must be in- 
terpreted with caution. 
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In a previous communication (9) the manner 
of variation of creatinine, sucrose, and urea clear- 
ances was studied in a group of subjects without 
renal disease. The method involved the deter- 
mination of these three clearances simultaneously 
in consecutive time intervals under varying con- 
ditions of urine flow. It was concluded from 
their behavior that change in glomerular filtra- 
tion was an underlying common factor responsible 
for their variation, but that each one of the three 
clearances individually was subject to special per- 
turbing factors. 

In this paper these observations are extended to 
include a group of subjects with conditions affect- 
ing the renal status. 

MATERIALS AND METHODS 

The subjects of these investigations were pa- 
tients on the medical wards of the New Haven 
Hospital. Clearances of creatinine, urea and in 
many instances sucrose, were determined in two 
or more consecutive periods. The conduct of the 
experiments, the methods of chemical analysis, 
and the mode of calculating clearances are all de- 
scribed in the preceding paper (9). 

RESULTS 

(A[) General observations 

In Table I are presented the data from 11 pa- 
tients who, in spite of conditions which may have 
affected the vascular system or the Iddneys, had 
no significant reduction of their clearances. In 
Table II are presented the studies of 11 other pa- 

1 This investigation was aided by a grant from the 
Fluid Research Fund of Yale University, School of 
Medicine. 

- Alexander Brown Coxe Fellow. 

2 Fellow of the University of Madrid, and Honorary 
Fellow of Yale University. 


tients whose renal or vascular disease was as- 
sociated with marked reduction of clearances. 

In Table I there is no significant difference be- 
tween the behavior of the clearances of these 
subjects and the behavior of strictly normal sub- 
jects. The creatinine clearance declines with 
time, both absolutely and relative to the sucrose 
clearance, in Exepriments I, II, III, IV and VII 
(Figure lA). The variation of the creatinine: 



Fig. 1A. Vabiation or Creatinine: Sucrose Ratio 
WITH Time in Subjects without Depression of Clear- 
ances 


sucrose ratio is irregular in Experiments VI, Xa 
and Xfa. The variations of the creatinine : urea 
ratio (Figure IB) are less consistent. The ratio 
declines with time in Experiments I, LV, VIII, 
IX and XI, and shows no significant change in 
Experiments II, VI, Xa and Xb. In Experi- 
ments III, V and VII the creatinine : urea ratio 
actually rises. During the course of the three 
experiments in which the creatinine : urea ratio 
rises the urea clearance itself declines and the 
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tients whose renal or vascular oisease was as- 
sociated with marked reduction of clearances. 

In Table I there is no significant difference be- 
tween the behavior of the clearances of these 
subjects and the behavior of strictly normal sub- 
jects. The creatinine clearance declines with 
time, both absolutely and relative to the sucrose 
clearance, in Exepriments I, II, III, IV and VH 
(Figure lA). The variation of the creatinine: 



Fig. lA. Variation of Creatinine: Sucrose Ratio 
WITH Time in Subjects without Depression of Clear- 
ances 


sucrose ratio is irregular in Experiments VI, Xa 
and Xb. The variations of the creatinine : urea 
ratio (Figure IS) are less consistent. The ratio 
declines with time in Experiments I, IV, VIII, 
IX and XI, and shows no significant change in 
Experiments II, VI, Xa and Xb. In Experi- 
ments III, V and VII the creatinine : urea ratio 
actually rises. During the course of the three 
experiments in which the creatinine : urea ratio 
rises the urea clearance itself declines and the 
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TABLE it 


Subjects with diseases affecting the kidneys 


but with creatinine clearances greater than 80 cc. per minute 


Num- 

ber 

Nature of case 

Period 

Dose 

C 

Time 

Urine 

Concentration in scrum 

Clearance 

Clearance ratio 

C 

S 

U 

C 

S 

U 

C/S 

; SRj 

r C/u 







rngm. 

vtgm. 

mgt7i* 

cc. per 

cc. per 

ec. per 










per cent 

per cent 

per cent 

minute 

minute 

i minute 




I 

Toxemia of pregnancy, de- 

1 

15 

134 

2.5 

14.0 

143 

12.5 

248 

111 

46 

2.2 

! 2.^ 

5.4 


livered; hypertension 

2 


184 

1.8 

10.8 

97 

12.5 

209 

no 

45 

1.5 

> 2.( 

4.7 


F., 32 years, 88 kgm. 

3 


227 

4.3 

9.5 

67 

12.3 

197 

108 

45 

l.f 

2 .^ 

i 4.4 

ir 

Progressive muscular 

1 

15 

135 

2.6 

18.4 

140 

18.8 

153 

92 

49 

1.7 

’ 1.5 

I 3.1 


atrophy, arteriosclerosis 

2 


175 

2.1 

17.1 

106 

18.7 

109 

82 

38 

1.2 

: 2.2 

1 2.9 


M., 51 years, 63 kgm. 

3 


220 

2.6 

16.1 

79 

18.6 

100 

68 

33 

1.5 

2.1 

3.0 

III 

Nephrotic syndrome 

1 

10 

95 

3.9 

13.1 

150 

7.8 

221 

81 

113 

2.2 

0.7 

2.0 


F., 16 years, 60 kgm. 

2 


124 

1.8 

14.0 

112 

7.6 

122 

58 

48 

1.7 

1.2 

2.5 



3 


152 

2.2 

14.0 

86 

7.6 

154 

50 

52 

1.5 

1.5 

3.0 

IV 

Nephrotic syndrome 

1 

10 

75 

3.4 

12.3 

75 

23.4 

185 

98 

49 

1.9 

2.0 

3.8 


F., 16 years, 80 kgm. 

2 


160 

1.3 

12.6 

42 

22.8 

100 

91 

33 

1.1 

2.8 

3.0 

V 

Arteriosclerosis 

1 

10 

119 

5.1 

15.5 


5.9 

98 


62 



1.6 


M., 41 years, 75 kgm. 

2 


163 

2.9 

14.1 


5.9 

109 


64 



1.7 



3 


223 

1.5 

13.2 


6.8 

109 


49 



2.2 



4 


281 

1.2 

12.2 


8.0 

110 


41 



2.7 



5 


403 

0.7 

9.6 


9.7 

93 


29 



3.2 

VI 

Acute glomerulonephritis. 

1 1 

5 

59 

4.5 

9.0 

100 

9.0 

264 

111 

114 

2.4 

1.0 

2.3 


subsiding • 

2 


91 

5.1 

6.6 

62 

9.1 

256 

91 

107 

2.8 

0.9 

1 2.4 


M., 15 years, 65 kgm. 

3 


121 

3.6 

5.4 

52 

8.8 

224 

95 

86 

2.4 

1.1 

2.6 

VII 

Arteriosclerosis, 

1 

5 

68 

1.8 

9.4 

100 

12.7 

219 

71 

56 

3.1 

1.3 

3.9 


diabetes mellitus 

2 


123 

0.7 

6.5 

65 

13.4 

133 

1 49 

32 

2.7 

1.5 

4.2 


M., 62 years, 67 kgm. 

3 


188 

0.6 

5.3 

40 

13.8 

147 

71 

29 

2.1 

2.5 

5.1 

VIII 

Diabetes insipidus 

1 

10 

20 

I 16.8 

28.6 


8.0 

211 


86 



2.5 


M., 21 years, 63 kgm. 

2 


50 

20.0 

21.7 


7.0 

167 


127 



1.3 



3 


73 

26.1 

18.8 


6.5 

200 


159 



1.3 

i 


4 


95 

12.8 

16.0 


7.6 

129 


77 



1.7 

IX 

Acute focal nephritis 

1 

10 

157 

2.2 

17.9 


16.3 

214 


55 



3.9 


M., 23 years, 74 kgm. 

2 

! 

193 

5.7 

15.5 


15.7 

202 


69 



2.V 



3 


225 

8.5 

13.5 


15.5 

197 


72 



IJ 

X 

Acute glomerulonephritis 

It 

10 

195 

2.8 

8.7 

77 

25.0 

235 

85 

46 

2.8 

1.9 

5.1 


M., 16 years, 75 kgm. 

2 


300 

2.4 

7.1 

66 

26.0 

211 

78 

40 

2.7 

2.1 

J.t) 



n 

10 

70 

3.2 

13.9 

147 

21.9 

109 

60 

47 

1.8 

1.3 




2 

1 


127 

3.3 

15.5 

117 

21.9 

141 

67 

57 

2.1 

1.2 

2.3 

XI 

Nephrosclerosis 

1 

10 

168 

12.7 

10.9 


15.2 

100 


20 



5.0 

* 


M., 60 years, 56 kgm. 

2 


211 

17.2 

10.2 



169 





2 4 



3 


245 

10.0 

9.2 


21.0 

108 


32 






4 


298 

8.2 

8.5 


20.3 

97 


28 



3.3 



5 


367 

6.7 

8.2 


20.3 

82 


30 


— 

1,0 


* Urea injected intravenously. _ . r ^^rind 

t C stands for creatinine, S for sucrose, U for urea nitrogen. All times are calculated to the middle ot tne pe i 
and all serum concentration figures are extrapolated values. Italic type indicates that the dose of creatinine wa 
ministered intravenously, 
t January 6. 

^ February 10. 
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urine flow falls off to rates of 2 cc. per minute 
or less. It is possible that in these three instances 
the usual drop of the creatinine clearance relative 
to the other clearances, normally reflected in a 
drop in the creatinine ; urea ratio, is masked by a 
rise in the ratio brought about through the varia- 
tion of urea clearance with urine flow at these 
levels. Certainly, taken as a whole, the behavior 
of the clearances in this group of subjects is very 
similar to that of normal subjects (9). The drop 
in the creatinine : sucrose and creatinine ; urea 
ratios is not correlated with the particular type of 


case involved. Thus Experiments III and IV, 
true “ nephrosis,” or inactive chronic glomerulo- 
nephritis, with profuse albuminuria, cylindruria, 
and edema, showed the decline to a marked extent, 
although obviously possessing a renal lesion of 
some sort. Experiments I and VII had varying 
degrees of general vascular disease and showed 
the decline, yet Case V with equal vascular in- 
volvement did not. Experiments VI, VIII and 
IX all probably had quite normal kidneys, yet only 
two of the three showed this effect. 

In the variation of their clearances with urine 


TABLE 11 1 

Subjects with renal disease and creatinine clearances less than 80 cc. per minute 


Num- 

ber 


Nature of case 


Date 


Pe- 

riod 


Dose 

C 

Time 

Urine 

Concentration 
in serum 

Clearance 

Clearance 

c 

S 

U 

c 

S 

u 

c/s 

s/u 

grams 

minutes 

cc.per 

minute 

mgm. 

per 

cent 

mgm. 

per 

cent 

mgm. 

per 

cent 

cc. 

Per 

min- 

ute 

CC, 

per 

mm- 

ute 

CC. 

per 

min- 

ute 



15 

59 

6.1 

it 1 1 


31.9 

69 

44 

32 

1.5 

1.4 


91 

3.1 

K : 1 



42 

34 

17 

1.2 

2.0 


121 


El 11 

130 

33.0 

69 


28 


15 

150 

BW 

15.2 

rtn 

34.5 

25 

16 

9.0 

1.5 

1.8 


197 


15.4 


33.6 

27 

18 

9.1 

1.6 

2.0 


243 

warn 

13.0 

240 

34.1 

27 

IS 


1.8 

1.6 

10 

70 

0.9 

19.2 

175 

141 

4.7 

3.6 

3.0 

1.3 

1.2 


118 

1.1 

22.0 

157 

142 

5.1 

4.1 

3.2 

1.2 

1.3 


162 

1.3 

24.3 

148 

142 

6.5 

4.7 

3.8 

1.4 

1.2 


230 

19 

27.5 

141 

141 

6.0 

3.9 

3.6 

1.5 

1.1 


302 

m 

22.4 

138 

142 

BE 

4.7 

3.4 

1.1 

1.4 


390 

1.0 

22.3 

129 

143 


4.3 

3.1 

1.5 

1.4 

10 

119 

1.3 

20.1 


21.4 

67 


21 




166 

2.2 

19.1 


20.0 

55 


24 




211 

1.9 

17.8 


23.1 

42 


18 




238 

2.0 

16.3 


* 

48 


* 




268 

0.9 

16.0 


29.5 

44 


14 




299 

2.1 

15.6 


29.3 

56 


24 




329 

1.9 

15.2 


29.1 

38 


19 



IS 

107 

Ksn 

14.4 


88 

97 


5.4 




163 

mSm 

13.5 


88 

106 


5.1 




314 


11.5 


88 

88 


5.3 



10 


B 

16.5 



60 


9.7 



10 


1.4 

15.0 


68.3 

71 


13.5 



10 


1.2 

10.2 


55.8 

41 


12.5 



10 


Hi 

19.7 


42.5 

43 


15.4 



10 



19.5 


43.4 

31 


14.4 



10 


0.9 

12.3 


59.6 

24 


9.6 



10 

Given 

0.8 

11.1 


50.6 

21 


g 5 



10 

1.7 

10.8 


51.3 

28.7 


8.7 




pre- 

1.8 

10.6 


56.2 

22.7 


10.0 




vious 




49.4 

26.1 


19 7 




night 

4.1 

pyyj 


49.2 

23.3 


9 1 





1.6 

■QQ 


49.1 

24.4 


8.2 





1.1 

10.0 


49.2 

21.0 


5.6 





1.7 

9.7 



25.4 


11.7 





1.4 

9.4 


50.7 

16.3 


7.3 




11 


III 


IV 


V 


Nephrosclerosis 
M., 59 years, 67 kgra. 


Pyelonephritis, bilateral, 
acute and chronic 
F., 26 years, 48 kgm. 

Nephrosclerosis; possibly 
secondary to antecedent 
pyelonephritis 
F., 42 years, 43 kgm. 


Rheumatic hMrt disease, 

nephrosclerosis 

M., 53 years, 75 kgm. 


Acute glomerulonephritis 
M., 17 years, 63 kgm. 


March 3 


March 6 
March 11 
March 17| 
March 25 
March 31 
June 6 
June 19 
July 8 


(Syncope in Period 6) 


2.2 

2.5 

2.5 

2.8 

3.0 

3.1 

1.6 
1.6 
1.7 

1.7 

1.6 

2.1 

3.2 
2.5 

2.3 

« 

3.2 
2.1 
2.0 

18.0 

20.8 

16.6 

6.2 

5.3 

3.3 

2.8 
2.1 
2.5 

2.5 

3.3 

2.3 

2.1 

2.6 
3.0 
3.8 
2.2 
2.2 
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TABLE n— Continued 









Concentration 

1 _ 



1 



Num- 

ber 

Nature of case 

Date 

Pe- 

riod 

Dose 

C 

Time 

Urine 


in scrum 

Llearance 

Clearance ratio 








C 

s 

U 

c 

S 

U 

c/s 

s/u 

CAJ 





grams 

minutes 




mgm» 

per 

cc, 

per 

min- 

CC. 

per 

min- 

CC, 

per 

min- 




VI 

Mercuric bichloride 


1 

15 


0.1 

9.2 

104 

ute 

0.7 

ute 

ute 

0.3 



2 3 


poisoning 

F., 46 years, 86 kgm. 


2 



0.1 

9.7 

438 

108 

0.4 

0.4 

0.2 

l.C 

2.C 

2.0 

VII 

Acute glomerulonephritis 


1 

(16) t 

116 

2.6 

35.4 

228 

26.7 

59 

39 

26 

1.5 

1.5 

2.3 


M., 13 years, 42 kgm. 




ISO 

1.4 

30.5 

198 

28.0 

45 

25 

16 

1.8 

1.6 

2.8 






176 

1.3 

29.5 

186 

29.0 

36 

23 

15 

1.6 

1.5 

2.2 

VIII 

Chronic glomerulonephritis. 

May 12 

1 

8 

78 

0.7 

22.4 



6.6 

6.1 

3.6 

1.1 

1.7 

1.9 


terminal 




134 

0.7 

21.4 


77.1 

7.2 

6.1 

4.0 

1.2 

1.5 

1.8 


M., 54 years, 62 kgm. 




175 

0.8 

18.3 

73 

77.1 

8.7 

5.9 

4.5 

1.5 

1.3 

1.9 



May 31 



228 

0.9 

15.8 

69 

77.4 

9.6 

6.5 

7.8 

1.5 

0.8 

1.2 



1 


80 

0.4 

23.5 

40 



3.2 

2.3 

1.0 

1.4 

1.3 

IX 

Nephrosclerosis 


1 

15 

111 

3.5 

23.8 

143 



66 

43 

1.5 

1.5 

2.3 


F., 45 years, 103 kgm. 


2 


208 

0.9 

20.7 

133 

19.8 

49 

32 

20 

1.5 

1.6 

2.5 

X 

Nephrosclerosis ^ 


1 

10 

45 

2.2 

38.5 


84.3 

21.7 


9.8 



2.2 


rheumatic heart disease 




81 

1.8 

32.8 



19.1 


9.7 



2.0 


M., 56 years, 54 kgm. 




115 

1.7 

28.5 


84.7 

21.6 


10.2 



2.1 






162 

1.0 

injrjrij 


83.3 



6.9 



2.2 






228 

1.4 



83.7 

14.8 


8.1 



1.8 






315 

1.7 



83.9 

17.8 


10.3 



1.7 

XI 

Acute glomerulonephritis 


1 


Given 

1.0 



56.2 

22.8 


5.6 



4.1 


M., 33 years, 98 kgm. 


2 


pre- 

1.5 

UrJ 


56.2 


17.8 

7.1 

1.2 

2.5 

2.9 




3 


vious 

1.2 

5.7 

330 

56.2 


15.7 

5.8 

1.1 

2.7 

3.1 




4 


night 

0.8 

5.7 

320 

57.3 

■M|]j 

12.1 

3.3 

1.3 

3.7 

4.6 




5 



0.7 

5.7 

320 

57.4 

14.1 

8.5 

3.1 

1.7 

2.7 

4.6 




6 



0.6 

5.7 

315 

57.4 

13.9 

8.8 

1.9 

1.6 

4.6 

7.3 




7 



0.5 

5.7 

310 

57.3 

12.7 

7.5 

1.9 

1.7 

4.0 

6.7 


t C stands for creatinine, S for sucrose, and U for urea nitrogen. All times are calculated to the middle of the 
period, and all serum concentration figures are e.xtrapolated values. Italic type indicates that the dose of creatinine 
was^administered intravenously. 

* 5.0 grams of urea in normal saline given intravenously in this period. 

1 8.0 grams of creatinine given per os, followed almost immediately by vomiting; then 8.0 grams given intravenously. 

If It is possible that the nephrosclerosis was secondary to antecedent renal damage, since there was evidence of 
bilateral hydronephrosis by x-ray. 


volume these subjects behave as would subjects 
with entirely normal renal function. Also, the 
variation of the clearances together in a fixed 
order of magnitude is similar to the behavior of 
clearances in quite normal subjects. 

In Table II, representing subjects with some 
definite reduction of clearances, there is no such 
decline of the creatinine clearance or of the creati- 
nine : sucrose and creatinine : urea ratios with time 
(Figures 2 A and 2B). There are at least four 
other outstanding differences apparent in com- 
paring this group with impaired clearances with 
the subjects of Table I, or with a normal group. 

(1) The absolute numerical range of variation 
of the three clearances in any individual (in cc. 
per minute) is less than normal. 


(2) The relative degree of variability (on a 
percentage basis) from period to period is much 
less. 

(3) The clearance ratios, creatinine ; urea, su- 
crose: urea, and creatinine ; urea, in a given sub- 
ject are much more constant than in a comparable 
subject with normal clearance levels. 

(4) With marked reduction in the level of the 
clearances the creatinine : sucrose, sucrose : urea, 
and creatinine : urea ratios are smaller than usual, 
i.e., the clearances are nearer together. In two 
instances, the sucrose and creatinine clearances 
were identical. 

An examination of the data shows that part of 
this stability of clearance is correlated with con- 
siderable stability of urine flow. This is doubtless 
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an expression of the slow and relatively slight 
variation in urine flow which the nephritic with 
serious renal functional impairment shows in re- 
sponse to drinking water or other diuretic meas- 
ures. However, in these low clearance cases there 
is some tendency for clearances and urine flow to 
vary simultaneously, as for example in Cases I 
and X. 


continues to rise. This behavior resembles that 
of normal subjects. 

(B) The relation of clearances to type of case 
(7) Nephritis. 

(a) Acute nephritis (6 cases). Of these, two 
(Table I, Cases VI and IX) had recovered clini- 



T/mef/TP/m) 

Fig. IB . Variation of Creatinine ; Ukea Ratio with Time in Subjects without Depression 

OF Clearances 


The association of sudden increase in urine flow 
with transitory rise in the urea clearance is found 
in certain of the cases with depressed clearances. 
Thus in Experiment V the urea clearance in- 
creases with the rising urine flow between Periods 
2 and 3 (July 8), and then falls back to its pre- 
vious level in Period 4, although the urine flow 


cally, and all their clearances in absolute magni- 
tude and in behavior are entirely normal. In one 
(Table II, Case VII), who later recovered com- 
pletely after a fairly prolonged course, all clear- 
ances were depressed to about one-third normal at 
the time of this observation, some two weeks or so 
after the onset. They were entirely normal in 
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their relations to one another at this time. No ob- Case X) the initial observations were made 
servations earlier or later were made. One (Ta- within a few days after the onset of the ne- 
ble II, Case XI) Avent on to a fatal exitus from phritis. The first of these (Table II, Case V) 
cerebral hemorrhage. His course was character- had a very violent and explosive acute nephritis 



Ume(mm) 

Fig. 2 A . Variation of Creatinine : Sucrose Ratio with Time in Subjects 

WITH Depressed Clearances 

ized by persistent and progressive oliguria, hypo- with gross persistent hematuria, albuminuria and 
proteinemia, albuminuria, edema, and elevation of retinal hemorrhages. The first observation was 
blood nonprotein nitrogen concentration. There made three days after the onset of hematuria. At 
is merely a depression of all clearances to about this time although the serum urea nitrogen was 88 
one-tenth of their normal values. In the two re- mgm. per cent and the urea clearance 5 cc. per 
maining cases (Table 11, Case V and Table I, minute, the creatinine clearance was almost 



Jimefmml 

Fig. 2J5. Variation of Creatinine : Urea Ratio with Time in Subjects with 

Depressed Clearances 
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normal (about 100 cc. per minute). During the 
next few months the patient improved consider- 
ably but did not clear up entirely, and now one 
year later presents a picture of subacute or chronic 
active glomerulonephritis. In the month follow- 
ing the initial observation the creatinine clearance 
fell and the urea clearance rose until they stood in 
a normal relation to one another but both at de- 
pressed levels. The continued depression there- 
after is correlated with continuance of the active 
process. The second case of acute nephritis 
(Table I, Case X) was first studied about a week 
or more after the onset of hematuria. The course 
was much more benign than the one just de- 
scribed; within a few days the hematuria and 
albuminuria virtually disappeared. At the time 
of the initial observations, however, creatinine 
clearance was very high, both absolutely and rela- 
tive to the sucrose and the urea clearances, and 
in this respect the reaction is comparable to that 
of the preceding case. This impression is 
strengthened by the fact that the repeated deter- 
mination of the three clearances after subsidence 
of the acute process shows a lower creatinine: 
sucrose and a much lower creatinine ; urea ratio, 
both ratios being now quite within the normal 
range. 

(2) Chro?iic nephritis (9 cases'). 

{a) “ Lipoid nephrosis ” without vascular dis- 
ease (2 cases. Table I, Cases III and IV). These 
were both 16 year old girls who suddenly de- 
veloped massive proteinuria, with leukocytes and 
casts in the urine sediment, hypoproteinemia and 
lipemia, and generalized edema, without hematuria 
or vascular disease. Clearances were entirely 
normal in magnitude and in behavior, including 
the fall of the creatinine clearances with time. 
These are the only subjects with definite chronic 
renal disease who had normal clearances. 

(b) Chronic nephritis with vascular disease (7 
cases. Table II, Cases I, III, IV, VIII, IX, X and 
Table I, Case XI). These cases present all de- 
grees of reduction of clearances down to one-tenth 
or even one-twentieth of normal. In all, the clear- 
ances and urine flow are relatively fixed and in 
most the ratios between clearances are lower than 
normal. The three cases with creatinine clear- 
ances less than 20 cc. per minute all died within 


a few weeks. The single observation of Case 
VIII on May 31, 1935, was made a few days be- 
fore death, and is one of the two observations in 
which the sucrose and creatinine clearances are 
identical. 

(c) Chronic pyelonephritis (infection with B. 
coll) (1 case. Table II, Case II). This was a 
case of chronic ascending pyelonephritis in a fe- 
male subject with probable secondarily contracted 
kidneys. As in chronic nephritis of the vascular 
type, the clearances are uniformly depressed and 
vary but little from period to period. 

(3) Mercury poisoning (I casCj Table 77, Case 
VI). 

These clearances were determined on the ninth 
day of HgClj poisoning in a woman who died 
three days later. After two or three days of 
initial anuria following the ingestion of the poison 
the patient began passing very small amounts of 
urine, without any tendency to increase the vol- 
ume in the succeeding days. The second clear- 
ance was obtained between two catheterizations 
and is thus exact. It is the lowest clearance in 
the series, and is the second of the two instances 
in which the creatinine and sucrose clearances 
were identical. Even here the urea clearance 
is definitely lower than the other two. 

{4) Vascular disease withotit evidence of renal 
disease {4 cases). 

(a) Generalized arteriosclerosis (3 cases. Table 
I, Cases II, V, and VII). In two of the three 
cases the clearances though still in the normal 
range, are veiy close to the lower limits of normal. 
In the remaining case they are entirely normal. 

(b) Hypertension following toxemia, of preg- 
nancy (1 case. Table I, Case I). In this case the 
clearances are entirely normal in magnitude and 
behavior. 

(5) Diabetes insipidus (7 case, Table 7, Case 
VIII). 

While the clearance of creatinine is quite nor- 
mal, that of urea is supra-normal, reaching at 
one time 159 cc. per minute, the highest in this 
series and higher than any true normal. It is 
associated with the abnormally high urine volume 
of 26 cc. per minute. 
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DISCUSSION 

Data secured from such a wide variety of patho- 
logical states as are here represented are apt to 
raise more questions than they answer. All the 
more remarkable then does it seem that the order 
of clearances, creatinine > sucrose > urea, should 
have been so regularly maintained with such a 
range of material and under such varying con- 
ditions. In only a certain number of instances 
were the ratios of the clearances to one another 
outside the usual range. A peculiarly funda- 
mental physiological significance of these clear- 
ances is indicated by the fact that their magnitude 
alone should be affected in the most varied types 
of renal damage. 

The exceptions to the rule are of peculiar in- 
terest. The two instances in which creatinine and 
sucrose clearances were equal, are also the two 
with the lowest clearances. Both patients had 
Iddneys which were so badly impaired that death 
ensued from renal failure within a few days. 
Even in these cases the urea clearance was ap- 
preciably lower than the other two, perhaps be- 
cause passive back diffusion persisted as long as 
any filtration whatsoever continued. Cambier (1) 
in one case of HgCU poisoning with recovery 
found the urea and creatinine clearances identical 
at first. They gradually diverged as the patient 
recovered until they returned to their normal 
relationship to one another. The observations in 
our case were made some days after urine flow 
had recommenced, and so are not comparable. 
The tendency of cases with advanced renal dis- 
ease to have the three clearances closer together 
than normal is also noteworthy and probably in- 
dicates that with increasing renal damage, tubular 
secretion of creatinine as well as reabsorption of 
sucrose and urea diminish. 

High creatinine and low urea clearances in the 
early stages of acute nephritis may indicate that 
tubular secretion of creatinine is increased at this 
early stage of the disease. An alternative inter- 
pretation, persistently high filtration with in- 
creased reabsorption of urea, is possible. How- 
ever, the hypothesis of tubular secretion seems 
somewhat more probable in view of the fact that 
the sucrose clearance is aligned with the urea 
rather than with the creatinine clearance. Fur- 
thermore, Goldring (4) has recently demonstrated 


that in this same early stage of acute nephritis, 
the phenol red clearance is disproportionately ele- 
vated, again indicating excessive tubular secretory 
activity under these special circumstances. 

The two cases with nephrosis show a quite 
intact tubular “ secretory ” mechanism, if the fall 
of creatinine clearance with time may be so inter- 
preted. This is entirely consistent with the ability 
of these patients to concentrate urine ‘to a high 
degree, and to reabsorb salt completely. The 
absence of any reduction in the magnitude of the 
clearances, furthermore, indicates an intact glo- 
merular filtration rate ; so apparently the nephrotic 
state might be explained by a slightly increased 
permeability of the glomerular membrane which 
allows albumin (but very little globulin and no 
red cells) to pass by it along with the ultra- 
filtrable solution. This does not seem consistent 
with the demonstration that the chief cellular 
pathology exists in the tubular cells (10), but no 
ready explanation of this paradox is at present 
forthcoming. 

Taking all these regularities and occasional ex- 
ceptions together the thesis that all three clear- 
ances in general are measures of glomerular fil- 
tration is strengthened. Such regular behavior 
may be accounted for easily on such a basis and 
upon no other. 

The fact that the badly damaged kidneys did 
not show the peculiar drop of the creatinine clear- 
ance with time, whereas those without impair- 
ment of clearance behaved like normals, would 
support the view that this peculiar effect is renal 
in origin, without pointing to the particular part 
of the kidney responsible for it. 

The significance of this study in elucidating the 
phenomena of renal damage is chiefly incidental. 
Our results confirm and supplement the findings 
of Holten and Rehberg (6, 7), Ellis and Weiss 
(3), Hayman et al. (5), Cope (2), Cambier (1)» 
and others who have studied creatinine and urea 
clearances simultaneously and have in general 
found them impaired to a parallel degree in rena 
disease. In the light of the filtration interpre 
tation of clearance this must mean that usually in 
renal disease when glomerular filtration is re 
duced, reabsorption of urea is corresponding y 
impaired. The most reasonable interpretation of 
such a consistent effect is that the number o 
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glomeruli filtering at any time is reduced in renal 
disease, but that those glomeruli which are ac- 
tively filtering are associated with tubule cells 
which reabsorb nearly their usual percentage of 
urea. Shannon (8) and others have suggested 
that in the intact kidney urea is reabsorbed both 
by passive diffusion and by cellular activity in 
the tubules. The example of extreme depres- 
sion of clearances in which the urea clearance is 
closer than usual to the creatinine could be readily 
explained with such a dual theory by assuming 
that with progressive renal damage the active 
power to reabsorb urea is lost, leaving a certain 
measure of back diffusion only. Such an inter- 
pretation must however needs be quite hypotheti- 
cal until it can be decided whether two such 
mechanisms actually exist in the intact kidney. 
Our observations do not bear on this most funda- 
mental point, so the question of definite interpre- 
tation of the lowering of the creatinine ; urea clear- 
ance ratios in advanced renal disease must await 
other experience. 

CONCLUSIONS 

1. The behavior of the creatinine, sucrose, and 
urea clearances in subjects with various renal 
and vascular diseases differs somewhat from their 
behavior in normal subjects. 

2. In the presence of definite renal disease the 
absolute magnitude of all three clearances is usu- 
ally consistently and uniformly reduced, while 
the normal order of the clearances, creatinine > 
sucrose > urea is in general maintained. 

3. In “ nephrosis ” all of the clearances may 
be normal in magnitude and behavior. 

4. In the early stages of acute nephritis the 
creatinine clearance may be disproportionately 
high. 

5. The falling off of the creatinine clearance 
with time, which is seen in normal subjects, is 
not to be found in subjects with depressed clear- 
ances. 

6. In subjects with depressed clearances the 


absolute and relative variability of the clearances 
is reduced, as are the numerical values of the 
ratios of the clearances to one another. 

7. The behavior of these clearances in the pres- 
ence of renal disease is consistent with the belief 
that as in the normal subject they are all relative 
measures of filtration. Their behavior is also 
consistent with the theory that the degree of 
reduction of these clearances reflects quantitatively 
the degree of reduction of the glomerular filtra- 
tion rate. 
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Although the ethyl iodide method of Starr and 
Gamble (1) and the acetylene method of Groll- 
man (2) give useful results in the determination 
of the cardiac output in man, they require special 
apparatus and a time consuming technique not 
easy to master. It appeared that if the deter- 
mination of the cardiac output is to become a 
practical procedure for the clinic a further sim- 
plification of methods is necessary, and with this 
end in view the possibilities of using oxygen and 
carbon dioxide for this purpose were reinvesti- 
gated. The plan was to devise the simplest pos- 
sible procedure, to make the necessary assump- 
tions, and then to compare the results with the 
values secured by means of ethyl iodide and 
acetylene. 

A method has been developed ^ by which the 
cardiac output may be estimated from a deter- 
mination of metabolism and the analysis of the 
oxygen arid carbon dioxide contents of only two 
samples, collected during a single rebreathing pro- 
cedure much like that used in Grollman’s acetylene 
method. The results obtained by this new oxygen 
method have been found to be in reasonably good 
agreement with those secured by the use of ethyl 
iodide and acetylene. 


METHOD 

If assumptions to be discussed hold, the cardiac 
output can be determined from the solution of 
two simultaneous equations of the Fick type, 
certain items of each having been obtained under 
somewhat different conditions. 

For the first equation the normal condition is 
taken. We have : 


Cardiac output = 


Normal O; consumption 
Normal arterial Oj content 
— Normal venous Oj content 


(l.a) 


For the determination of the corresponding 
values of the second equation the subject re- 

^The work was carried out in the Laboratory of Re- 
search Therapeutics in the Hospital of the University of 
Pennsylvania. 


breathes, for a brief period, a mixture low in 
oxygen; and again we have: 

Cardiac output 

— Oj consumption during rebreathing .. 

Arterial Oi content during rebreathing ' ’ ' 

— Venous Oi content 

On the assumption that the cardiac output and 
the oxygen content of the venous blood have the 
same values in the two experiments, the two 
equations (1, a) and (1, 6) may be combined 
mathematically so as to eliminate the unknown 
venous oxygen content. The cardiac output is 
given by the resulting equation: 

Cardiac output 

Normal O 2 consumption 

— O; consumption during the rebreathing ... 

Normal arterial Oj content ' ' 

— Arterial Oj content during the rebreathing 

APPARATUS 

The apparatus necessary for rebreathing is sim- 
ilar to that employed by Grollman for rebreathing 
acetylene, except that two three-way valves and 
two rubber bags are employed, making it almost 
identical with the apparatus of Gladstone (3). 

One needs (1) a mouthpiece connected by (2) 
a short connecting tube of 3 cm. diameter with 
side tubes of 4 mm. bore for sampling, leading 
to (i) the valves, permitting connection of the 
subject with room air, or with (4) a 4 liter rubber 
bag, or with (5) a small spirometer or another 4 
liter rubber bag. In addition, one needs (<5) two 
Haldane sampling tubes, the upper stopcocks 
bored to not less than 4 mm. ; with mercury, rub- 
ber tubing and a reservoir to permit the produc- 
tion of a Toricellian vacuum; (7) a Haldane gas 
analyzer or one of its modifications, (2) a stop 
watch, (9) a metronome, {10) rubber connecting 
tubing, {11) a nose clip and {12) a supply of 
nitrogen. Finally {13), any standard method 
for the estimation of metabolic rate may be em- 
ployed. We use the Benedict-Roth (21), employ- 
ing the spirometer for the additional purpose men- 
tioned above. 
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It has been found advantageous, although not 
necessary, to enclose the rebreathing bag in an 
air-tight metal container having an outlet con- 
nected to the Benedict-Roth spirometer, so that 
a graphic record of changes in the bag volume 
during filling and rebreathing may be obtained by 
displacement of air outside the bag. 

PROCEDURE 

Two rebreathing techniques have been employed, the 
simpler (I), identical with that of Grollman, being used 
only when the vital capacity is normal. The second (2), 
much like that of Gladstone (3), is used under other cir- 
cumstances. 

(J) Only one rebreathing bag is employed, filled ini- 
tially with about 2500 cc. of nitrogen. The metronome is 
started at from 24 to 30 beats a minute. The subject, at 
first quietly breathing room air through the mouthpiece, 
is instructed to make a maximal expiration at command 
and then to inhale and exhale maximally, keeping time 
with the metronome. The operator connects the subject 
with the bag after the first maximal expiration, assures 
himself that time is being kept and the bag emptied at 
each inspiration, and collects samples from the last por- 
tions of the 6th and 10th expirations, noting the time be- 
tween collections with the stop watch, 

(2) In some patients with low vital capacity the first 
procedure may yield a lung-bag mixture too high in oxy- 
gen, Therefore the following technique was employed. 

A preliminary estimation of the approximate vital 
capacity is made by having the subject inhale various 
amounts of air from the bag or spirometer after a maxi- 
mal expiration. 

A measured quantity of nitrogen, a little less than 
the patient could inhale, is placed in bag A ; a larger, un- 
measured amount in bag B or in the spirometer. 

The rebreathing technique is identical with (i) except 
that after the first maximal expiration to room air the 
subject is connected with bag B, or the spirometer, for 
a full respiratory cycle, and then connected with bag A 
for the remainder of the rebreathing. Timed samples are 
taken from the last portions of the 5th and 9th expira- 
tions into bag A. The samples are analyzed for oxygen 
and carbon dioxide in the usual manner. 

The metabolic rate is estimated either before or after 
the rebreathing. 

CALCULATION OF RESULTS 

This can be illustrated best by employing data obtained 
from a typical experiment. All volumes given are for 
dry gas under standard conditions. We have: 

1. Nortml oxygen comumption — 260 cc. per minute. 

2. Normal arterial oxygen content. The oxygen ca- 
pacity of the blood may be assumed to be 200 cc. per 
liter if the subject is normal, or may be estimated from 
the hemoglobin concentration. The arterial blood is as- 


sumed to be 96 per cent saturated. In this instance nor- 
mal arterial oxygen content is 192 cc. per liter. 

3. O.vygcn consumption during the rebreathing. 
Nitrogen in rebreathing bag initially = 2310 cc. 
Assumed residual air = 1125 cc.2 

Total initial lung-bag volume = 3435 cc. 

The average lung-bag volume during the rebreathing is 
assumed equal to the initial lung-bag volume. 

Time between collection of samples = 9.8 seconds. 


By analysis 

CO, 

per 

cent 

o, 

per 

cent 

1 

N, 

per 

cent 

First sample 

4.98 

5.14 

89.88 

Second sample 

5.57 

5.04 

89.39 

Average percentage 

Average tension (saturated at 

5.26 

5.09 


37° C., barometer 766) 

37,9 mm. 

36.5 mm. 



O-xygen consumption during the rebreathing 
= (lung-bag volume) X (change of o.xygen 

percentage in the lung-bag system) 

^ 1 —. 

\ seconds between collection of samples / 

= (343S)(0.10) 

= 21 cc. per minute, dry under standard conditions. 

4, Arterial oxygen content during the rebreathing. The 
nomogram of Henderson, et al. (5) is consulted. The per- 
centage oxygen saturation is determined from the average 
oxygen and carbon dioxide tensions of the two samples. 
In this instance it is 72.5 per cent. Hence: 

Arterial oxygen content = 72.5 X 200 = 145 cc, per liter. 

5. Calculation of cardiac output. Substituting the pre- 
ceding four values in Equation 2: 

Cardiac output = = 5.1 liters per minute. 

MAGNITUDE OF ERRORS INHERENT IN ASSUMP- 
TIONS AND TECHNIQUE 

Influence of increases in the cardiac output dur- 
ing the rebreathing, and of errors iu the 
assumed value of residual air 

In combining the expressions evaluated by the 
two determinations of oxygen consumption as two 
simultaneous equations (Equations \a, b and^ 2 
under “method”), the equality of the cardiac 
outputs under the two conditions has been as- 
sumed. 

This assumption introduces an error into t e 
results because the acceleration of the circulation 
known to result from rebreathing will give^ un 
oxygen consumption which is erroneously hig 

2 From the work of Hurtado et al. (4), their average 
value being 1360 cc., saturated at 37° C, 
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Fortunately, however, the low oxygen tension 
during the rebreathing makes the corresponding 
oxygen consumption, the second term in the nu- 
merator of Equation 2, very small. Large per- 
centage errors in this term, therefore, can have 
but little effect upon the calculated cardiac output. 
For the same reason, an error in the volume of 
the residual air, assumed for the calculation of 
this oxygen consumption during rebreathing, will 
produce a negligible effect upon the results. 

That these errors are small may perhaps be 
understood more easily from a consideration of 
Figure 1. For a representative subject the oxy- 



ARTERIAL OXYGEN CONTENT (CC/lITER) 

Fig. 1. The Error Resulting from an Alteration in 
Cardiac Output during the Rebreathing 
The cardiac output may be represented by the slope of 
the line AB (see text). An increase of the cardiac out- 
put during the rebreathing decreases the calculated result 
to the value of the slope of the line AB'. The error is 
small, however, if the oxygen tension in the lungs during 
the rebreathing is not far from the oxygen tension of 
the mixed venous blood, a condition which may con- 
veniently be attained experimentally. 

gen consumption of Equation la, is plotted at 
point A a.s a. function of the assumed arterial 
oxygen content of 192 cc. per liter. The quan- 
tities of Equation lb, i.e., the oxygen consump- 
tion measured during a rebreathing experiment 
and its corresponding arterial oxygen content, are 
plotted as point B. If the line BC is drawn paral- 
lel to the axis of abscissae it will be seen that the 
line {A-C) represents the numerator of the right 
hand side of Equation (2) and the line (C-B) 
its denominator. Therefore, from Equation 2, 


(A~C)/iC-B), or the slope of the line AB, 
represents the cardiac output. 

It is obvious that this error in the cardiac 
output, for any given percentage error (B'-B) in 
the oxygen consumption during the rebreathing, 
becomes less as the rebreathing is performed at 
an oxygen tension nearer equilibrium with the 
mixed venous blood, for as the absolute value of 
the ordinate at B (the oxygen consumption) de- 
creases, the difference (B'— B) must decrease and 
the slope of the line AB' (measured cardiac out- 
put) approaches the slope of AB (true cardiac 
output). 

Since the mixture rebreathed consists initially 
of nitrogen alone, the oxygen tension in the lungs 
is never such as to make the oxygen consumption 
during the rebreathing experiment more than a 
small fraction of the consumption measured at 
the normal alveolar oxygen levels. Thus, with 
the normal subjects studied by the first rebreath- 
ing technique (noted above under “ Procedure") 
the average oxygen consumption during the ex- 
periments was 9.5 per cent of the average basal 
oxygen consumption of these subjects. Similarly, 
for the clinical subjects studied by the second 
rebreathing technique the corresponding value 
was 14 per cent. 

To study the errors resulting, in actual practice, 
from the increase of cardiac output during the 
rebreathing, additional experiments were per- 
formed upon the first 9 of the normal subjects of 
Table I, in each case on the same day and after 
an additional 20 minute rest period. After a 
maximal expiration to the room the subject re- 
breathed a measured volume of a mixture of about 
50 per cent oxygen in nitrogen. The residual air 
volumes were then determined from samples of 
the last portions of the initial maximal expirations 
to the room and of the first inspirations from the 
bag. Knowing the residual airs, timed samples 
of the 6th, and 10th or 11th expirations to the 
bag permitted the determination of the oxygen 
consumptions during the rebreathing. The re- 
sults are compared with the basal oxygen con- 
sumptions in Table II, and the average increase 
of oxygen consumption during the rebreathing, 
which has been assumed to be the average increase 
of corresponding cardiac output, was found to be 
66 per cent. Recomputation of the values of 
cardiac output for the 9 subjects, correcting the 
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It has been found advantageous, although not 
necessary, to enclose the rebreathing bag in an 
air-tight metal container having an outlet con- 
nected to the Benedict-Roth spirometer, so that 
a graphic record of changes in the bag volume 
during filling and rebreathing may be obtained by 
displacement of air outside the bag. 

PROCEDURE 

Two rebreathing techniques have been employed, the 
simpler (I), identical with that of Grollman, being used 
only when the vital capacity is normal. The second (2), 
much like that of Gladstone (3), is used under other cir- 
cumstances. 

(1) Only one rebreathing bag is employed, filled ini- 
tially with about 2500 cc. of nitrogen. The metronome is 
started at from 24 to 30 beats a minute. The subject, at 
first quietly breathing room air through the mouthpiece, 
is instructed to make a maximal expiration at command 
and then to inhale and exhale maximally, keeping time 
with the metronome. The operator connects the subject 
with the bag after the first maximal expiration, assures 
himself that time is being kept and the bag emptied at 
each inspiration, and collects samples from the last por- 
tions of the 6th and 10th expirations, noting the time be- 
tween collections with the stop watch. 

(2) In some patients with low vital capacity the first 
procedure may yield a lung-bag mixture too high in oxy- 
gen. Therefore the following technique was employed. 

A preliminary estimation of the approximate vital 
capacity is made by having the subject inhale various 
amounts of air from the bag or spirometer after a maxi- 
mal expiration. 

A measured quantity of nitrogen, a little less than 
the patient could inhale, is placed in bag A ; a larger, un- 
measured amount in bag B or in the spirometer. 

The rebreathing technique is Identical with (i) except 
that after the first maximal expiration to room air the 
subject is connected with bag B, or the spirometer, for 
a full respiratory cycle, and then connected with bag A 
for the remainder of the rebreathing. Timed samples are 
taken from the last portions of the Sth and 9th expira- 
tions into bag A. The samples are analyzed for oxygen 
and carbon dioxide in the usual manner. 

The metabolic rate is estimated either before or after 
the rebreathing. 

CALCULATION OF RESULTS 

This can be illustrated best by employing data obtained 
from a typical experiment. All volumes given are for 
dry gas under standard conditions. We have : 

1. Norntal oxygen consumption = 260 cc. per minute. 

2. Normal arterial oxygen conteut. The oxygen ca- 
pacity of the blood may be assumed to be 200 cc. per 
liter if the subject is normal, or may be estimated from 
the hemoglobin concentration. The arterial blood is as- 


sumed to be 96 per cent saturated. In this instance nor- 
mal arterial oxygen content is 192 cc. per liter. 

3. Oxygen consumption during the rebreathing. 
Nitrogen in rebreathing bag initially = 2310 cc. 
Assumed residual air = 1125 cc.2 

Total initial lung-bag volume = 3435 cc. 

The average lung-bag volume during the rebreathing is 
assumed equal to the initial lung-bag volume. 

Time between collection of samples = 9.8 seconds. 


By analysis 

CQj i 

per 

cent 

0, 

per 

cent 

N, 

per 

cent 

First sample 

4.98 

5.14 

89.88 

Second sample 

5.57 

5.04 

89.39 

Average percentage 

5.26 

5.09 


Average tension (saturated at 
37“ C., barometer 766) 

37.9 mm. 

1 

36.5 mm. 

i 

i 


Oxygen consumption during the rebreathing 
= (lung-bag volume) X (change of oxygen 

percentage in the lung-bag system) 

xf 60 __^ ) 

\ seconds between collection of samples / 
= (3435)(0.10) (H) 

== 21 cc. per minute, dry under standard conditions. 

4. Arterial oxygen conienl during the rebreathing. The 
nomogram of Henderson, et al. (5) is consulted. The per- 
centage oxygen saturation is determined from the average 
oxygen and carbon dioxide tensions of the two samples. 
In this instance it is 72.5 per cent. Hence: 

Arterial o.xygen content = 72.5 X 200 = 145 cc. per liter. 

5. Calculation of cardiac output. Substituting the pre- 
ceding four values in Equation 2: 

Cardiac output = -2 ' i l^ s “ liters per minute. 

MAGNITUDE OF ERRORS INHERENT IN ASSUMP- 
TIONS AND TECHNIQUE 

Influence of increases in the cardiac output dur- 
ing the rebreathing, and of errors iu 
assumed value of residual air 

In combining the expressions evaluated by the 
two determinations of oxygen consumption as two 
simultaneous equations (Equations la, b and^ 2 
under “method”), the equality of the cardiac 
outputs under the two conditions has been as- 
sumed. 

This assumption introduces an error into the 
results because the acceleration of the circulation 
known to result from rebreathing will give^ 3.n 
oxygen consumption which is erroneously hig • 

- From the work of Hurtado et al. (4), their average 
value being 1360 cc., saturated at 37° C. 
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workers, Grollman and Marshall (7) in particular. 
Our data confirm these findings. 

Samples of successive inspirations and expira- 
tions were taken in control experiments in which 
the normal subjects rebreathed initial mixtures of 
2000 to 3000 cc. of nitrogen. Plotting the nitrogen 
percentages in the samples as a function of the 
number of respiratory cycles, it was found, as 
would be expected, that after the 3d or 4th cycle 
the points representing inspirations and those 
representing expirations arranged themselves on 
parallel and slightly converging lines as in Figure 
2, a result similar to that of Lundsgaard and 



RESPIRATORY CYCLES 


Fic. 2. Nithogex Pebcextaces dueixg the Period of 
ilixixc 

This figure is a representation of several experiments 
in which normal subjects rebreathed initial mixtures of 
pure nitrogen. The dots indicate the nitrogen percentages 
in successive expirations, beginning with £„ the initial 
niaximal expiration to the room. The circles are the 
nitrogen percentages found in samples collected from the 
last portions of successive inspirations, the initial inspira- 
tion, f,, being 100 per cent. 

Schierbeck (8). (The average nitrogen content 
was decreasing due to the effect of the blowing off 
of carbon dioxide.) The nitrogen percentages in 
the bag samples were slightly above those of the 
corresponding preceding expirations, since each 
bag sample was an average of the preceding ex- 
piration. This circumstance, found to hold when 
mixing could be assumed from the results of other 
workers, was taken as a rough criterion of mixing 
m the lung-bag system. Additional samples, col- 
ected during determinations of cardiac output on 
^ the 7 clim'cal subjects studied, satisfied 

t is criterion and demonstrated that there was no 


serious inadequacy of mixing at the time of col- 
lection of the first sample used for the calculation 
of the cardiac output. 

Recirculation and the permissible duration of re- 

breaihing 

Discussion of recirculation will be limited to a 
consideration of significant changes in the oxygen 
content of the blood returning to the lungs during 
the course of the rebreathing experiments. In 
procedures of the nature used here, Donal and 
Gamble (9) found from the inflections of their 
carbon dioxide-oxygen tension curves an average 
recirculation time of 24.5 seconds with ten normal 
subjects lying at rest. In this investigation a 
slightly less sensitive but more practical test was 
employed, in that the values of cardiac output 
were computed from successive pairs of samples 
collected during the rebreathing experiments, and 
significant recirculation was considered to have 
occurred when the calculated cardiac output de- 
creased more than 10 per cent, as determined from 
the later sample collections. This does not, of 
course, distinguish between recirculation and a 
possible further acceleration in the blood flow dur- 
ing the rebreathing. However, such a distinction 
is not necessary for present purposes, since a 
change in the calculated cardiac output from either 
cause is equally undesirable. 

For the 11 normal subjects studied in this in- 
vestigation the average time of collection of the 
last sample used for the determination of cardiac 
output was 23 seconds. With 6 of these subjects 
a 3d sample was collected from the expiration 
made two cycles later. Since with only one sub- 
ject did a significant change ( — 15 per cent) in 
the calculated cardiac output result from a con- 
tinuation of the rebreathing for two extra cycles, 
it is believed that the technique prescribed for 
normal subjects will not, in general, result in 
errors due to recirculation. 

For the 12 experiments with the 7 clinical sub- 
jects studied, the average time of collection of the 
last sample used for the calculation of cardiac out- 
put, taken from the 9th expiration to the bag, was 
28 seconds. In 7 of the e.xperiments, with 6 sub- 
jects, additional samples showed that in only one 
case could there have been significant recirculation 
between the 7th and 9th cycles, the cardiac output 
change being — 17 per cent. It is believed, there- 
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oxygen consumptions for the average increase of 
66 per cent during the rebreathings, has shown 
that the results by our oxygen method must have 
been about 6 per cent too low. 

TABLE I 


Values of cardiac output 


Subject 

Ethyl iodide 
method 

Acetylene 

method 

OxyRcn 

method 


liters per 

liters per 

liters Per 


minute 

minute 

; minute 

1 

NORiUm SUBJECTS 

1 

2.6, 3.0 

3.7 

3.8 

2 

4.3, 3.3 

4.0 

3.6 

3 

5.2, 4.6 

4.7 , 

3.2 

4 

3.8, 4.2 

5.7 1 

3.5 

5 

3.6, 3.5 

3.6 

3.2 

6 

6.9, 7.9 

7.1 

5.3 

7 

4.1, 3.8 

3.8 

4.4 

8 

4.8, 4.9 

4.0 

5.9 

9 

3.2, 2.6 

3.2 

2.6 

10 

4.0, 4.2 

3.6 

4.2, 4.1 

11 

4.4 

4.0 

4.5 

Averages: 

4.23 

1 

4.30 ' 

4.00 


CLINICAL SUBJECTS 


Subject 

Ethyl 

iodide 

method 

Oxygen 

method 

Hemo- 

globin 

Basal 

oxygcQ 

consump* 

tion 


liters per 

liters per 

per 

cc. per 


minute 

minute 

cent 

minute 

12 

2.6, 3.0 

2.8, 3.0 

76 

169 

13 

6.0, 5.9 

6.2, 6.6 

52 

279 

14 

5.3, 6.3 

7.4 

46 

257 

IS 

3.5, 2.8 

3.0, 2.7 

100 

169 

16 

5.1 

5.3, 4.8 

100 

241 

17 

3.0, 4.1 

3.0, 2.6 

95 

176 

18 

4.4 

3.9 

100 

266 

Averages: 

4.39 

4.47 




TABLE II 


Additional data on nine of the subjects of Table I 



Oxygen consumptions 

Measured 

residual 

[ Cardiac 
output 

Subject 

Basal 

Rebreath- 
ing high 
oxygen 

I Increase 

air 

{dry under 
standard 
conditions) 

by 

1 holding- 
breath 
procedure 


cc. per 
minute 

cc. per 
minute 

per cent 

CCe 

liters per 
minute 

1 

246 

412 

67 

1316 

3.8 

2 

239 

466 

95 

1248 

3.7 

3 

257 

426 

66 

1450 

4.3 

4 

249 

515 

107 

1720 

4.0 

S 

217 

380 

75 

1000 

3.3 

6 

279 

471 

69 i 

1640 

5.0 

7 

251 

351 

40 

1180 

4.3 

8 

268 

404 

50 

1235 

5.9 

9 

196 

246 

26 

1130 

3.2 

Averages: 

245 

408 

66 

1324 

4.17 


It will be seen from Table II that the measured 
values of residual air of the first 9 normal sub- 
jects averaged 18 per cent higher than the as- 
sumed value of 1125 cc. used in computing the 
results of Table I. However, when the results 
for these subjects were recalculated, using the 
measured residual airs, the average reduction in 
the values of cardiac output was less than 1 per 
cent. 

In order to determine the effect of a reduction 
in the respiratory gymnastics incident to the 
method, additional experiments at low oxygen ten- 
sions were performed upon the above 9 basal sub- 
jects. The procedure of holding the breath 
according to Krogh and Lindhard (6) was em- 
ployed, together with a modification of the mixing 
technique of Gladstone (3). The subject ex- 
pired maximally to air at zero time, emptied a bag 
containing about 3600 cc. of nitrogen, discarded 
about 1200 cc. to the room, completed the maxi- 
mal expiration to the bag and continued to re- 
breathe. The third expiration to the bag was 
limited to about 1200 cc., the breath was held in 
this position of partial expiration for 8 to 10 
seconds, and the maximal expiration to the bag 
was completed. Timed samples were collected 
from the last portions of the partial expirations 
before and after holding the breath. The results 
are shown in Column 6 of Table II and may be 
compared with those for the same subjects m 
Column 4 of Table I, since the corresponding ex- 
periments were performed on the same day with 
only 30 minutes to an hour intervening. The 
average results were not significantly different, 
as may be seen by inspection of the Tables. The 
slight average increase of about 4 per cent was m 
the expected direction for, due to the deeper ini- 
tial inspiration of nitrogen, the average oxyg^ 
consumption in the experiments in which the 
breath was held was less than 1 per cent of the 
average basal rate, compared with 9.5 per cent for 
the rebreathings yielding the results of Table !• 

Mixing in the lung-bag system 

No extensive investigation was made of the 
adequacy of mixing at the time of collection ot 
the first cardiac output sample, since under sifflilnt 
respiratory conditions mixing in the lung-bag sys- 
tem has been found to be complete by other 
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put was again determined by the acetylene method 
of Grollman (2) in all normal subjects.'* 

After an additional period of 30 minutes rest 
the oxygen rebreathing procedure was carried out. 
Still later, supplementary experiments which are 
described in the preceding section were perfonned 
on many of the subjects for the purpose of in- 
vestigating errors. 

In Table I, the results secured by the method 
described have been compared with those obtained 
by the ethyl iodide and acetylene procedures. It 
is concluded from a statistical analysis that there 
are no significant differences between the averages 
of the results obtained by means of the three 
methods. 

DISCUSSION 

Reviews of the oxygen and carbon dioxide 
methods, founded on the principle of Pick, have 
been given by Grollman (12) and by Richards 
and Strauss (14). Equilibration of the venous 
blood with the tensions of oxygen, carbon dioxide, 
or both gases in the lung-bag system, in the meth- 
ods such as those of Barcroft, Roughton and 
Shoji (15), Douglas and Haldane (16) or Bur- 
well and Robinson (17), was a tedious procedure 
and the difficulties of such an equilibration have 
been pointed out by Richards and Strauss (14). 
The equilibration of oxygenated venous blood 
with the carbon dioxide tension of the gas in the 
lung-bag system offers obvious advantages, among 
them that the rate of carbon dioxide transport 
beUveen the blood and gas is proportional to the 
difference in the corresponding tensions. Ad- 
vantage of this fact was taken by Fridericia (18) 
and by Liljestrand and Lindhard (19). 

The “ triple extrapolation ” method of Red- 
field, Bock and Meakins (20) represented a sim- 
plification of technique in that the tensions of the 
gases in the mixed venous blood were inferred, 
by extrapolation, from analyses of mixtures hav- 
ing quite different gas tensions. It has been 
shown by Donal and Gamble (9), however, that 
this procedure may lead to erroneous results. 

The method here described is much simpler 
than any of those mentioned above. Various 
elaborations of it are possible, for instance the 

■* Dr. Clarence James Gamble has kindly permitted the 
presentation of these as yet unpublished acetylene results 
which formed a portion of a separate investigation. 


normal arterial oxygen tension might be deter- 
mined by analysis of blood obtained by arterial 
puncture. Theoretically, carbon dioxide might be 
used instead of oxygen, but the many physiologi- 
cal factors influencing the behavior of carbon 
dioxide in the body make the use of oxygen much 
to be preferred. 

It might be considered desirable, when work- 
ing with clinical subjects of low -vital capacity, to 
employ two initial breaths of nitrogen before 
connecting the subject to the final rebreathing 
bag, in order to reduce the average oxygen ten- 
sion in the lungs and hence the oxygen consump- 
tion during the period between the collection of 
the timed samples. Or, in order to shorten the 
time necessary for mixing, other and more com- 
plicated rebreathing procedures might be em- 
ployed. In both cases, however, preliminary ex- 
periments have shown that the purely mechanical 
difficulties of application of such techniques render 
their value questionable, although they may offer 
theoretical advantages. 

Some question might be raised about the pro- 
priety of asking abnormal subjects to inhale ni- 
trogen for about 25 seconds. As is well known 
there are no subjective sensations from this pro- 
cedure. Cyanosis has not been observed in our 
normal subjects. It was seen in one patient at 
the extreme end of the rebreathing period. Un- 
toward possibilities in this direction should be 
kept in mind by those planning to use the method 
in cardiac or pulmonary disease. 

Obviously, further experience with the method 
might indicate the desirability of the use of other 
values for the average residual air, or other blood 
nomograms, than those employed in this investi- 
gation. 

The agreement between the average results ob- 
tained by this oxygen method and those secured 
by the ethyl iodide and acetylene procedures is 
far from perfect but it is satisfactory enough. In 
certain individuals the agreement between the re- 
sults by the three methods is good, in others it is 
poor. This is in accord with expectations for, 
when duplicate analyses are made by a single 
method, some subjects give constant results while 
others are far more variable. The application of 
the three different techniques required far more 
time than that which must separate duplicate esti- 
mations. Most subjects cannot be expected to 
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fore, that the technique prescribed for resting 
clinical subjects will not extend into the period of 
recirculation, particularly since the average time 
required for the procedure could probably be sub- 
stantially reduced with more experience on the 
part of the operator. 

Miscellaneous assumptions and possibilities of 

error 

The determination of the oxygen dissociation 
curves of the blood of each subject is believed to 
be unnecessary and in this investigation the nomo- 
gram of Henderson, et al. (5) has been employed 
throughout. Comparative calculations made with 
other nomograms have shown that changes in the 
cardiac output of a subject may be determined with 
sufficient accuracy by the use of any standard 
nomogram. The absolute values of the cardiac 
output of 9 subjects were systematically decreased 
by an average of 10 per cent when recomputed 
from the nomogram of Dill, et al. (10, page 207). 

From Equation 2 the values of cardiac output 
vary inversely as the oxygen capacities of the 
blood. For normal subjects the use of an as- 
sumed blood oxygen capacity of 200 cc. per liter 
has been found, with 9 subjects, to introduce an 
average error of only -{- 3 per cent into the results. 
For clinical subjects the oxygen capacities have 
been determined from hemoglobin estimations. 

Since it is impracticable to determine the oxygen 
saturation of the arterial blood of each subject, 
the value of 96 per cent has been assumed from 
the work of Bock et al. (11). A variation of 1 
per cent in this assumption will introduce an 
average error of between 3 and 4 per cent into the 
calculated cardiac output. 

The two determinations of oxygen consumption 
are performed under identical conditions and are 
separated by only a short period of time. The 
work of Grollman (12) and others encourages 
the belief that this will result in identity of venous 
oxygen contents. That the venous oxygen con- 
tent 15 to 25 seconds after beginning to rebreathe 
is the same as that immediately before the re- 
breathing begins is supported by the findings of 
Donal and Gamble (9), and of this investigation, 
that only occasionally does blood low in oxygen 
content return to the lungs earlier than about 24 
seconds after the start of the rebreathing pro- 
cedure. 


It is believed unnecessary to take account of the 
absorption of nitrogen from the lungs during the 
low oxygen rebreathing experiment, since the 
average increase, although systematic, in the cal- 
culated cardiac output resulting from the neglect 
of this factor can be shown to be less than 1 per 
cent. If account is taken of the changes in the 
lung-bag volume during the low oxygen rebreath- 
ing experiment, by making use of the altered ni- 
trogen percentage in the second sample as com- 
pared with the first, the cardiac outputs of 9 
normal subjects have been found to be increased 
an average of 3 per cent. Although this effect is 
also systematic, since more carbon dioxide is or- 
dinarily excreted during the period between the 
sample collections than there is oxygen absorbed, 
the error is small and is somewhat reduced by the 
absorption of nitrogen mentoned above. There- 
fore, for simplicity, this volume change has been 
neglected in this investigation.® 

Calculations have shown that no appreciable 
error is introduced by assuming, in Equation 2, 
that the entire oxygen consumption during the re- 
breathing takes place at the average gas tensions 
found in the samples. 


EXPERIMENTAL RESULTS 

The values of cardiac output obtained by the 
simplified oxygen method were compared with 
the results secured on the same subjects by means 
of ethyl iodide and acetylene. 

Two detenninations of the basal cardiac output 
of each subject were made, about 20 minutes 
apart, by the ethyl iodide method of Starr and 
Gamble (1), using the katharometer as described 
by Donal, Gamble and Shaw (13). During each 
determination, duplicate estimations were made 
of oxygen consumption, of carbon dioxide elnni- 
nation, and of the oxygen and carbon dioxide 
tensions of alveolar air. 

About 20 minutes later the basal cardiac out- 


3 Correction for this change may be made by mere y 
multiplying the oxygen percentage in the second samp e 
by the ratio of the nitrogen percentage in the first samp e 
to that of the second sample. Thus ; 


(Ndr 


Corrected (Oj)ii = Measured (Ojlii X 


where the Roman subscripts refer to the respective sam 
pies. 
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put was again determined by the acetylene method 
of Grollman (2) in all nonnal subjects.* 

After an additional period of 30 minutes rest 
the oxygen rebreathing procedure was carried out. 
Still later, supplementary experiments which are 
described in the preceding section were perfonned 
on many of the subjects for the purpose of in- 
vestigating errors. 

In Table I, the results secured by the method 
described have been compared with those obtained 
by the ethyl iodide and acetylene procedures. It 
is concluded from a statistical analysis that there 
are no significant differences between the averages 
of the results obtained by means of the three 
methods. 


normal arterial oxygen tension might be deter- 
mined by analysis of blood obtained by arteria 
puncture. Theoretically, carbon dioxide might he 
used instead of oxygen, but the many physiologi- 
cal factors influencing the behavior of carbon 
dioxide in the body make the use of oxygen much 
to be preferred. 

It might be considered desirable, when work- 
ing with clinical subjects of low vital capacity, to 
employ two initial breaths of nitrogen before 
connecting the subject to the final rebreathing 
bag, in order to reduce the average o.xygcn ten- 
sion in the lungs and hence the o.xygcn consump- 
tion during the period between the collection of 
the timed samples. Or, in order to shorten the 


DISCUSSION 


Reviews of the oxygen and carbon dioxide 
methods, founded on the principle of Pick, have 
been given by Grollman (12) and by Richards 
and Strauss (14). Equilibration of the venous 
blood with the tensions of oxygen, carbon dioxide, 
or both gases in the lung-bag system, in the meth- 
ods such as those of Barcroft, Roughton and 
Shoji (IS), Douglas and Haldane (16) or Bur- 
well and Robinson (17), was a tedious procedure 
and the difficulties of such an equilibration have 
been pointed out by Richards and Strauss (14). 
The equilibration of oxygenated venous blood 
with the carbon dioxide tension of the gas in the 
lung-bag system offers obvious advantages, among 
them that the rate of carbon dioxide transport 
between the blood and gas is proportional to the 
difference in the corresponding tensions. Ad- 
vantage of this fact was taken by Fridericia (18) 
and by Liljestrand and Lindhard (19). 

The “triple extrapolation" method of Red- 
field, Bock and Meakins (20) represented a sim- 
plification of technique in that the tensions of the 
gases in the mixed venous blood were inferred 
by extrapolation, from analyses of mixtures hav- 
ing quite different gas tensions. It has been 
shown by Donal and Gamble (9), however, that 
this procedure may lead to erroneous results 
The method here described is much simpler 
than any of those mentioned above. Various 
elaboration s of it are possible, for instance the 


^Dr. Clarence James Gamble has kindly permitted • 
presentation of these as yet unpublished aceS 
wh.ch formed a portion of a separate investigaSn 


time necessary for mixing, other and more com- 
plicated rebreathing procedures might be ctn- 
ployed. In both cases, however, preliminary ex- 
periments have shown that the purely mechanical 
difficulties of application of such techniques render 
their value questionable, although they may offer 
theoretical advantages. 

Some question might be raised about the pro- 
priety of asking abnormal subjects to inhale ni- 
trogen for about 25 seconds. As is well known 
there are no subjective sensations from this pro- 
cedure. Cyanosis has not been observed in our 
normal subjects. It was seen in one patient at 
the extreme end of the rebreathing period. Un- 
toward possibilities in this direction should be 
kept in mind by tiiose planning to use the method 
in cardiac or pulmonary disease. 

Obviously, further experience with the method 
might indicate the desirability of the use of other 
values for the average residual air, or other blood 
nomograms, than those employed in this investi- 
gation. 

The agreement between the average results ob- 
tained by this oxygen method and those secured 
by the ethyl iodide and acetylene procedures is 
far from perfect but it is satisfactory enough. In 
certain individuals the agreement between the re- 
sults by the three methods is good, in others it is 
poor. This is in accord with expectations foi"^ 
when duplicate analyses are made by a 
method, some subjects give constant of 

others are far more variable. The app 
the three different techniques 
time than that which must separate ^ 
mations. Most subjects canno 
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fore, that the technique prescribed for resting 
clinical subjects will not extend into the period of 
recirculation, particularly since the average time 
required for the procedure could probably be sub- 
stantially reduced with more experience on the 
part of the operator. 

Miscellaneous assu-mptions and possibilities of 

error 

The determination of the oxygen dissociation 
curves of the blood of each subject is believed to 
be unnecessary and in this investigation the nomo- 
gram of Henderson, et al. (5) has been employed 
throughout. Comparative calculations made with 
other nomograms have shown that changes in the 
cardiac output of a subject may be determined with 
sufficient accuracy by the use of any standard 
nomogram. The absolute values of the cardiac 
output of 9 subjects were systematically decreased 
by an average of 10 per cent when recomputed 
from the nomogram of Dill, et ai. (10, page 207). 

From Equation 2 the values of cardiac output 
vary inversely as the oxygen capacities of the 
blood. For normal subjects the use of an as- 
sumed blood oxygen capacity of 200 cc. per liter 
has been found, with 9 subjects, to introduce an 
average error of only -f- 3 per cent into the results. 
For clinical subjects the oxygen capacities have 
been determined from hemoglobin estimations. 

Since it is impracticable to determine the oxygen 
saturation of the arterial blood of each subject, 
the value of 96 per cent has been assumed from 
the work of Bock et al. (11). A variation of 1 
per cent in this assumption will introduce an 
average error of between 3 and 4 per cent into the 
calculated cardiac output. 

The two determinations of oxygen consumption 
are performed under identical conditions and are 
separated by only a short period of time. The 
work of Grollman (12) and others encourages 
the belief that this will result in identity of venous 
oxygen contents. That the venous oxygen con- 
tent 15 to 25 seconds after beginning to rebreathe 
is the same as that immediately before the re- 
breathing begins is supported by the findings of 
Donal and Gamble (9), and of this investigation, 
that only occasionally does blood low in oxygen 
content return to the lungs earlier than about 24 
seconds after the start of the rebreathing pro- 
cedure. 


It is believed unnecessary to take account of the 
absorption of nitrogen from the lungs during the 
low oxygen rebreathing experiment, since the 
average increase, although systematic, in the cal- 
culated cardiac output resulting from the neglect 
of this factor can be shown to be less than 1 per 
cent. If account is taken of the changes in the 
lung-bag volume during the low oxygen rebreath- 
ing experiment, by making use of the altered ni- 
trogen percentage in the second sample as com- 
pared with the first, the cardiac outputs of 9 
normal subjects have been found to be increased 
an average of 3 per cent. Although this effect is 
also systematic, since more carbon dioxide is or- 
dinarily excreted during the period between the 
sample collections than there is oxygen absorbed, 
the error is small and is somewhat reduced by the 
absorption of nitrogen mentoned above. There- 
fore, for simplicity, this volume change has been 
neglected in this investigation.® 

Calculations have shown that no appreciable 
error is introduced by assuming, in Equation 2, 
that the entire oxygen consumption during the re- 
breathing takes place at the average gas tensions 
found in the samples. 

EXPERIMENTAL RESULTS 

The values of cardiac output obtained by the 
simplified oxygen method were compared with 
the results secured on the same subjects by means 
of ethyl iodide and acetylene. 

Two determinations of the basal cardiac output 
of each subject were made, about 20 minutes 
apart, by the ethyl iodide method of Starr and 
Gamble ( 1 ) , using the katharometer as described 
by Donal, Gamble and Shaw (13). During each 
determination, duplicate estimations were made 
of oxygen consumption, of carbon dioxide ehmi' 
nation, and of the oxygen and carbon dioxide 
tensions of alveolar air. 

About 20 minutes later the basal cardiac out- 

3 Correction for this change may be made by merely 
multiplying the oxygen percentage in the second samp e 
by the ratio of the nitrogen percentage in the first samp e 
to that of the second sample. Thus : 

Corrected (Oslir = Measured (O;)!! X ’ 

where the Roman subscripts refer to the respective sam 
pies. 
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put was again determined by the acetylene method 
of Grollman (2) in all normal subjects.* 

After an additional period of 30 minutes rest 
the oxygen rebreathing procedure was carried out. 
Still later, supplementary experiments which are 
described in the preceding section were performed 
on many of tlie subjects for the purpose of in- 
vestigating errors. 

In Table I, the results secured by the method 
described have been compared with those obtained 
by the ethyl iodide and acetylene procedures. It 
is concluded from a statistical analysis that there 
are no significant differences between the averages 
of the results obtained by means of the three 
methods. 

DISCUSSION 

Reviews of the oxygen and carbon dioxide 
methods, founded on the principle of Pick, have 
been given by Grollman (12) and by Richards 
and Strauss (14). Equilibration of the venous 
blood with the tensions of oxygen, carbon dioxide, 
or both gases in the lung-bag system, in the meth- 
ods such as those of Barcroft, Roughton and 
Shoji (15), Douglas and Haldane (16) or Bur- 
well and Robinson (17), was a tedious procedure 
and the difficulties of such an equilibration have 
been pointed out by Richards and Strauss (14). 
The equilibration of oxygenated venous blood 
with the carbon dioxide tension of the gas in the 
lung-bag system offers obvious advantages, among 
them that the rate of carbon dioxide transport 
between the blood and gas is proportional to the 
difference in the corresponding tensions. Ad- 
vantage of this fact was taken by Fridericia (18) 
and by Liljestrand and Lindhard (19). 

The “ triple extrapolation ” method of Red- 
field, Bock and Meakins (20) represented a sim- 
pfification of technique in that the tensions of the 
gases in the mixed venous blood were inferred, 
by extrapolation, from analyses of mixtures hav- 
ing quite different gas tensions. It has been 
shown by Donal and Gamble (9), however, that 
this procedure may lead to erroneous results. 

The method here described is much simpler 
than any of those mentioned above. Various 
elaborations of it are possible, for instance the 

*Dr. Qarence James Gamble has kindly permitted the 
presentation of these as yet unpublished acetylene results 
w tch formed a portion of a separate investigation. 


normal arterial oxygen tension might be deter- 
mined by analysis of blood obtained by arterial 
puncture. Theoretically, carbon dioxide might be 
used instead of oxygen, but the many physiologi- 
cal factors influencing the behavior of carbon 
dioxide in the body make the use of oxygen much 
to be preferred. 

It might be considered desirable, when work- 
ing with clinical subjects of low vital capacity, to 
employ two initial breaths of nitrogen before 
connecting the subject to the final rebreathing 
bag, in order to reduce the average oxygen ten- 
sion in the lungs and hence the oxygen consump- 
tion during the period between the collection of 
the timed samples. Or, in order to shorten the 
time necessary for mixing, other and more com- 
plicated rebreathing procedures might be em- 
ployed. In both cases, however, preliminary ex- 
periments have shown that the purely mechanical 
difficulties of application of such techniques render 
their value questionable, although they may offer 
theoretical advantages. 

Some question might be raised about the pro- 
priety of asking abnormal subjects to inhale ni- 
trogen for about 25 seconds. As is well known 
there are no subjective sensations from this pro- 
cedure. Cyanosis has not been observed in our 
normal subjects. It was seen in one patient at 
the extreme end of the rebreathing period. Un- 
toward possibilities in this direction should be 
kept in mind by those planning to use the method 
in cardiac or pulmonaiy disease. 

Obviously, further experience with the method 
might indicate the desirability of the use of other 
values for the average residual air, or other blood 
nomograms, than those employed in this investi- 
gation. 

The agreement between the average results ob- 
tained by this oxygen method and those secured 
by the ethyl iodide and acetylene procedures is 
far from perfect but it is satisfactory enough. In 
certain individuals the agreement between the re- 
sults by the three methods is good, in others it is 
poor. This is in accord with expectations for, 
when duplicate analyses are made by a single 
method, some subjects give constant results while 
others are far more variable. The application of 
the three different techniques required far more 
time than that which must separate duplicate esti- 
mations. Most subjects cannot be expected to 
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maintain a completely constant basal cardiac out- 
put over a period of about an hour and a half 
while undergoing different experiments of an un- 
familiar type. 

The more elaborate methods of other workers 
have been evolved to avoid some of the assump- 
tions accepted in our simple procedure. But, in 
order to avoid these, other assumptions have been 
accepted and the question must be asked whether 
anything substantial has been gained by the more 
elaborate techniques. 

SUMMARY 

A simplified oxygen method has been developed 
by which the cardiac output of either normal or 
clinical subjects may be estimated from a deter- 
mination of metabolism and the analysis of the 
oxygen and carbon dioxide contents of only two 
samples, collected during a single rebreathing pro- 
cedure. 

The effects of various errors inherent in the 
assumptions and technique have been investigated. 
Experimental results have shown that many of 
these errors are* of such small magnitude that 
they may be neglected. From calculations, and 
from a consideration of the work of other inves- 
tigators, it has been concluded that the influence 
of the remaining apparent errors is likewise rela- 
tively unimportant. 

The averages of estimations of basal cardiac 
output by the new procedure have been found to 
be in good agreement with the averages of de- 
terminations made on the same normal and clini- 
cal subjects by the ethyl iodide method of Starr 
and Gamble and by the acetylene method of Groll- 
man. The agreement of estimations by the three 
methods on individual subjects is not very good, 
a result to be expected from the known variation 
of duplicate estimations in many subjects. In 
seven instances the result of the oxygen method 
agreed more closely with the average of the ethyl 
iodide results than with the result of the single 
estimation by acetylene. In three instances the 
oxygen result was closer to that obtained by 
acetylene. 

Duplicate estimations by the oxygen method 
agreed more closely than similar duplicates made 
by ethyl iodide in four patients. 


I make grateful acknowledgment to Dr. Clarence 
James Gamble and Professor Isaac Starr for their con- 
stant encouragement and fruitful suggestions during the 
course of this investigation, and for their valuable help 
in the preparation of this manuscript for publication. 
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The present paper presents certain clinical and 
pathological evidence which demonstrates that hy- 
pertension not infrequently is associated with 
pyelonephritis before there is any appreciable dim- 
inution in renal function and that hypertension 
which is secondary to unilateral pyelonephritis 
may disappear when the involved kidney is re- 
moved. 

Ritter and Baehr ( 1 ) described renal arteriolar 
sclerosis in congenital polycystic disease of the 
kidney and remarked upon a preliminary period 
of arterial hypertension, cardiac hypertroph}' and 
hyposthenuria that usually precedes the terminal 
uremia in that disease. Bell and Pedersen (2) 
stated that “ hypertension has never been reported 
in pyelonephritis.” Volhard (3) and Schwarz 
(4) reported hypertension in patients with con- 
tracted kidneys (schrumpfnieren). Longcope 
and Winkenwerder (5) reported elevated blood 
pressures in the uremic phase of cases of chronic 
pyelonephritis. Weiss, Parker and Robb (6) 
observed that patients with malignant hyperten- 
sion frequently had a history of chronic pyelone- 
phritis, pyelitis, or perinephritic abscess. They 
suggested that such a renal infection may heal but 
that the hypertension initiated by it may continue 
to progress. Fishberg (7) mentioned the hyper- 
tension that may occur in children in the presence 
of urinary obstruction and in polycystic disease 
of the kidney when there is extensive destruction 
of renal parenchyma. He stated, however, that 
hypertension does not occur in that disease if there 
are extensive areas of intact parenchyma. Peters 
(8), Peters, Lavietes and Zimmerman (9), and 
Zimmerman and Peters (10) have called attention 
to the frequency with which pyuria and eclampsia 
are associated in pregnancy and suggested a re- 
lation between urinary tract infection and hyper- 
tension. Kimmelstiel and Wilson (H) studied 
thirteen patients with acute diffuse pyelonephritis ; 
nine died in uremia, and hypertension was present 
m four of these. Two patients presented what 


was interpreted as essential hypertension with 
superimposed diffuse acute pyelonephritis but 
without renal insufficiency. Twenty-six patients 
who suffered from diffuse chronic pyelonephritis 
were also studied; of these, hypertension and 
uremia were associated in sixteen; hypertension 
alone was present in four, and uremia without 
hypertension in six. Hypertension without 
marked renal insufficiency, therefore, was present 
in six of their patients. In the majority of in- 
stances, they were unable to decide whether they 
were dealing with a primary “ vascular ” hyper- 
tension or with a secondary “ renal ” hypertension. 

In spite of the frequency with which pyelone- 
phritis is encountered in childhood (12), we have 
found no report of a serious hypertension oc- 
curring in the pyelonephritis of childhood before 
renal insufficiency was present. Interestingly 
enough, Amberg (13) in reporting twenty-five 
cases of hypertension in children included five 
patients with pyuria or bacilluria but made no par- 
ticular comment upon the presence of pyelonephri- 
tis in these patients. 

The records concerning the blood pressures of 
many of the patients admitted to this hospital with 
chronic pyelonephritis are not complete enough to 
supply accurate information concerning the re- 
spective times at which the hypertension, if pres- 
ent, and renal insufficiency first appeared, but such 
data as are available seem significant. During the 
past ten j'ears fifteen children between three and 
eleven years of age were shown at necropsy to 
have pyelonephritis. Adequate records of the 
blood pressures of seven of these patients are not 
available. The records of the blood pressures for 
the remaining eight patients show systolic pres- 
sures ranging from 250 to 140 mm. Hg and dia- 
stolic pressures from 170 to 110 mm. Fig, the 
average systolic and diastolic pressures being re- 
spectively, 190 and 140 mm. Hg. Two of these 
patients (Cases 3 arid 4 reported below) had hy- 
pertensive crises and died of cardiac failure before 
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significant nitrogen retention occurred. The clini- 
cal histories of two others of the group studied 
pathologically indicated that the pyelonephritis 
and hypertension preceded severe nitrogen reten- 
tion. During the same ten year period three pa- 
tients with pyelonephritis and hypertension died 
and permission for autopsy was not obtained. 
The histories of two of these patients (Cases 1 
and 2 below) indicate that the pyelonephritis and 
hypertension preceded significant renal insuffi- 
ciency and nitrogen retention. During this same 


definite proof that the pyelonephritis preceded the 
hypertension. 

The fifth case reported here is that of a patient 
who, coincident with a ureteral calculus, was 
found to have a unilateral pyelonephritis and dur- 
ing the course of the next 8 months developed 
hypertension and cardiac failure. The removal of 
the one infected kidney was followed by clearing 
of the urine and a return of the blood pressure to 
normal where it has remained for 20 months. 
In this case there is strong evidence that the pye- 



Fig. 1. Photomicrograph of Microscopic Section Prepared from Kidney 

OF Case 4 


Hematoxylin and eosin. Reduced from a magnification of 240 di- 
ameters. Note prominence and thickening of walls of small arterioles, 
interstitial infiltration and casts in the renal tubules. Both chronic pyelo- 
nephritis and nephrosclerosis were present in the various sections examined. 


period nine patients with pyelonephritis and hy- 
pertension were admitted to the hospital and when 
last seen were living. Of these patients only one 
had renal insufficiency, and in this one the pyelo- 
nephritis and hypertension preceded the appear- 
ance of the diminished renal function. 

Thus we have fifteen patients (six dead and 
nine living) who have had chronic pyelonephritis 
and hypertension over a period of years before 
there was appreciable diminution in kidney func- 
tion. The detailed records of four of these pa- 
tients are given below. In these cases there is no 


)nephritis preceded the hypertension and in some 
^ay had a causal relation to it. 

Subsequently, another patient, Case 6, who hai 
unilateral pyelonephritis and hypertension which 
ms relieved by right nephrectomy, and whose 
istory suggested a relation between the renal 
:sion and hypertension, was seen on the pediatric 
mrd of the Massachusetts General Plospita 
irough the kindness of Dr. Harold Higgins an 
'r. J. D. Barney.’^ 


I- A full report of this patient will be made by ^ r- 
.rney. It is through his kindness that a brief desenp 
n is given with the cases reported here. 
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DISCUSSION 

It is of particular interest in relation to the last 
two patients that Moritz (14) reported three pa- 
tients witli essential hypertension in each of whom 
the renal arteriolar sclerosis was found at ne- 
cropsy to be limited to one kidney. 

Both chronic pyelonephritis and nephrosclerosis 
were revealed by postmortem e.xaminations per- 
formed on two of our patients (Cases 3 and 4). 
The photomicrograph shown in Figure 1 illus- 
trates the extensive character of the renal ar- 
teriolar sclerosis in Case 4. From the clinical ex- 


tients who suffered from both pyelonephritis and 
hypertension. 

A detailed review of the clinical observations 
concerning the association of pyelonephritis and 
hypertension in patients studied in this hospital, 
however, led to the hypothesis that the hyperten- 
sion might well be related to the local effect of the 
pyelonephritis rather than to the renal insuffici- 
ency encountered late in the disease. When this 
hypothesis was put to an empirical test by the re- 
moval of the infected kidney in a patient who 
suffered from unilateral pyelonephritis and hyper- 



Fic. 2. Photomicrograph of Microscopic Section Prepared from the 
Kidney Removed from Case 5 


Hemato.xylin and eosin. Reduced from a magnification of 240 di- 
ameters. Note diffuse pyelonephritis. No thickening of arterioles com- 
parable to that noted in Case 4 is demonstrable. 


amination of the retinal and peripheral vessels it 
IS proable that nephrosclerosis was present in ad- 
dition to the pyelonephritis in Cases 1 and 2. It 
IS clear that no conclusion may be drawn from our 
evidence in these four cases concerning the rela- 
tive time of onset of the pyelonephritis and the 
nephrosclerosis or their relative importance in the 
production of hypertension. The same difficulty 
was encountered by Kimmelstiel and Wilson (11) 
'' ^n they attempted to decide whether they were 
ealirig with primary “ vascular ” hypertension or 
" It secondary “ renal ” hypertension in their pa- 


tension (Case 5) it was found to be effective. 
The results in Dr. Barney’s case (Case 6) lend 
further support to such a relation between the 
pyelonephritis and hypertension. 

Pathological examination of the kidney re- 
moved from our patient, Case 5, showed in ad- 
dition to severe pyelonephritis very early sclerosis 
of the renal arterioles. These vascular lesions 
were not sufficiently advanced or prominent to 
merit the term of nephrosclerosis as it is ordi- 
narily understood. The photomicropraph of Fig- 
ure 2 illustrates the absence in Case 5 of such a 



892 


ALLAN M. BUTLER 


renal arteriolar sclerosis as observed in Case 4. 
It is well known that chronic inflammatory proc- 
esses of various kinds are accompanied by vas- 
cular changes in the involved areas. In consider- 
ing the role of ischemia and infections in the pro- 
duction of hypertension, it is of interest that 
Parker and Weiss (15) observed arteriolar sclero- 
sis in the lung in the presence of pulmonar}' con- 
gestion and infection. That obstruction to the 
flow of urine from one kidney may result in a rise 
in blood pressure has been shown by Bell and 
Pedersen (2). Goldblatt, Lynch, Hanzal, and 
Summerville (16), and Wood and Cash (17) 
have produced hypertension in dogs by partially 
obstructing the blood supply to one or both kid- 
neys. Both possibilities may play a role in the 
IDroduction of the hypertension secondary to py- 
elonephritis. 

The clinical significance of the observations re- 
ported here is clear. At the present time we have 
no explanation as to why some patients with 
pyelonephritis develop hypertension before renal 
insufficiency while some develop it only after the 
renal damage has become marked, and still others 
die in uremia with very little hypertension. This 
question merits and will receive further clinical 
and pathological study. 

PROTOCOLS 

Case 1: M. F. (Hospital Number 194,041), a girl of 9 
3 'ears, came to the hospital September 1935 because of re- 
current frontal headache and vomiting and urinary fre- 
quency. The family history was not contributory to the 
patient’s illness. The past history showed her to have 
been a full term baby whose development was somewhat 
delayed. She had mumps and pertussis at 5 years of age 
and measles at 8 years. Ever since birth she had unusual 
frequency and nocturia. . At 5 years of age she began to 
have severe headaches coming on every 2 to 3 months and 
lasting all day. At 7 years of age, vomiting began to 
accompany the headaches which became more frequent. 
During the past year she failed to gain and was fatigued 
very easily. Recently the headaches and vomiting oc- 
curred weekly. Four months before admission, she was 
found to have pus in her urine and was placed on a keto- 
genic diet without effect on the pyuria. 

A physical examination revealed a thin, chronically ill, 
mentally alert girl. Both of the fundi showed albu- 
minuric retinitis ; there was edema of the optic discs, and 
the retinal arteries were narrowed, tortuous, and gave a 
light reflex. The heart was enlarged, a roentgenogram 
showing a cardiac diameter of 9.8 cm. and an internal 
diameter of the chest of 18.5 cm. The aortic arch was 


broad. There was a blowing systolic, murmur and 
marked accentuation of the aortic second sound. The 
peripheral arteries were thickened but .not beaded. The 
systolic blood pressure was 280 and the diastolic 170 mm. 
Hg. The right kidney was palpable. The red blood cell 
count was 3,700,000 per cu. mm. The hemoglobin was 72 
per. cent. The serum calcium was 9.6 mgm. per cent and 
the serum inorganic phosphorus 3.3 mgm. per cent. The 
blood urea nitrogen was 35 mgm. per cent and the serum 
protein 6.3 grams per cent. An intramuscular phenol- 
sulphonephthalein test showed 27 per cent excretion in 
300 cc. of urine in 3 hours. The urea clearance was 17 
per cent of normal. The urine showed from a very slight 
trace to a large trace of albumin and numerous white 
blood cells per high power field. 

Two weeks after admission she had a hypertensive 
crisis, the blood pressure rising to a systolic of 250 and 
a diastolic of 210 mm. Hg. She became comatose, de- 
lirious, and had several convulsions. The urine became 
grossly bloody. A week later she appeared as she did at 
admission. Six weeks after admission the blood pressure 
rose to 260 mm. Hg systolic and 230 mm. Hg diastolic, 
and she had a generalized convulsion. Twelve days later 
a right splanchnic nerve resection was done, and after 
another 3 days the left splanchnic nerve was resected. 
Following the second operation she was very anemic and 
was given four transfusions. The anemia continued. 
Eight days later she became oliguric and developed a 
parotitis and pericardial friction rub and after two more 
days died in uremia with a blood nonprotein nitrogen of 
187 mgm. per cent. Permission for an autopsy was not 
obtained. 

Case 2: B. M. (Hospital Number 110,250), a girl of 8 
years, entered the hospital in November 1931 because of 
recurrent attacks of headache, fever and vomiting 
throughout the previous 18 months. Frequent examina- 
tion of the urine by the family doctor during this period 
had shown that it always contained pus. 

The past history showed she had been a normal baby 
and had developed normally. She had had measles, per- 
tussis, and chickenpox. Following tonsillitis at 3 years 
of age she had had a tonsillectomy and adenoidectomy. 
Immediately before the present illness she had had 


mumps. 

The physical examination showed a well developed but 
small, undernourished, pale girl who appeared chronically 
ill. The significant positive findings follow. The retinal 
arteries showed increased light reflex, narrowing of the 
lumen and tortuosity. The disks were blurred and hyper- 
emic. The heart sounds were loud and forceful. There 


vas a soft systolic murmur with a marked accentu- 
ition of the aortic and pulmonic second sounds. Radial 
ind brachial arteries were thickened. The systolic blood 
(ressure was 210 mm. Hg and the diastolic 170 mm. Hg. 
3n repeated examination the urine contained a very slight 
race of albumin and 5 to 30 white blood cells per high 
lower field in uncentrifuged specimens. On culture of 
he urine there was a growth of B. coU. The blood non- 
irotein nitrogen was 24 mgm. per cent. An intramuscu- 
ar phenolsulphonephthalein test showed 50 per cent ex- 
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crclioii in two hours. A urea clearance was 65 per cent 
of normal. A urine concentration test showed an inabil- 
ity to concentrate above 1.012.2 

Two weeks after entry the headaches became more 
severe. The following day the patient had a hypertensive 
cerebral crisis. The blood, pressure at this time was 240 
mm. Hg systolic and 170 mm. Hg diastolic. The patient 
recovered from this cerebral accident, and the blood 
pressure in the course of tlie ne.xt week fell to 180 mm. 
Hg systolic and ISO mm. Hg diastolic. Before an ex- 
amination of the urinary tract could be made the parents 
removed the child against our advice. 

Cisse 3: R. E. (Hospital Number 107,386), a boy 7 
years of age, entered tlie hospital in January 1933 with 
the chief complaint of severe headaches for several years 
and vomiting and convulsions during the past 9 months. 
He was a full term baby born following a normal labor. 
His early development was normal, e.xcept that he grew 
slowly, weighing 21 pounds at 2 years of age, 24 pounds 
at 3 years of age, and 32 pounds at 5 years of age. At 
2 years of age he was found to have a marked phimosis 
which had caused pain on urination for the past 4 months. 
At this time there was some tenderness to- pressure over 
the bladder, and the urine was found to contain a trace of 
albumin, but no white blood cells. A circumcision re- 
h'eved the painful urination. He had pertussis at 2 years 
of age, had broken a wrist in a fall at 5 years of age, 
and one month before admission had received a blow 
over the left eye which had caused a hemorrhage into the 
eye. which had been treated at the Boston City Hospital. 
He had had frequency and nocturia for several years. 
During the past 5 months the vomiting was frequently 
projectile. Two months before admission it was known 
that his systolic blood pressure was 220 mm. Hg. 

Physical examination revealed a somewhat underdevel- 
oped and undernourished boy weighing 37 poudds, who 
was mentally alert and in no apparent distress. The sig- 
nificant positive findings were as follows. Both retinas 
showed multiple scarring from old hemorrhages. The 
retinal arteries were narrow and the veins unusually tor- 
tuous. The disk margins were indistinct, and there was 
slight papilledema. The radial and brachial arteries were 
thickened. The heart was slightly enlarged to the left 
The aortic second sound was greatly accentuated. The 
systolic blood pressure was 240 mm. Hg and the diastolic 
blood pressure, 190 mm. Hg. The liver was 3 cm. below 
the costal margin. The spleen was palpable. Repeated 
examination of the urine showed a slight trace of albumin 
but no sediment. The blood nonprotein nitrogen was 30 
nigm. per cent. Serum calcium and phosphorus were 
normal. An intramuscular phenolsulphonephthalein test 
showed 32 per cent excretion in 2 hours. The urea clear- 
ance was 100 per cent of normal. A concentration test 
showed the specific gravity to be limited to 1.012.2 
Roentgenograms of the skull showed definite separation 
of the coronal and sagittal sutures indicating increased 

* We have noted such a discrepancy between the specific 
gravity and urea clearance tests in several of our patients 
with hypertension. 


intracranial pressure. Ventriculograms showed no lo- 
calized distortion or filling defect. The very slight dila- 
tation of the ventricles was consistent with a cerebral 
edema. The long bones were negative for lead. The red 
blood cells showed no stippling. The diagnosis of malig- 
nant hypertension of unknown etiology ^vas made. The 
child was discharged to a convalescent home on February 
28th with the same hypertension with which he entered. 
He died of cardiac failure August 9, 1933, without re- 
entering the hospital. An autopsy performed outside the 
hospital 2 showed the following : cardiac hypertrophy and 
dilatation, sclerosis of aorta, coronary and cerebral ves- 
sels, bilateral pyelonephritis and hydronephrosis, arteri- 
olar nephrosclerosis, bilateral hydro-ureters, cystitis and 
dilatation of the bladder. 

Case 4: R. W. (Hospital Number 143,483), an 11 
year old boy, was admitted to the hospital October 14, 
1930, because of severe recurrent attacks of frontal head- 
ache, nausea, and vomiting beginning abruptly 11 months 
ago. The attacks occurred about once a week and were 
frequently precipitated by emotional disturbances. In 
addition to these symptoms there had been severe upper 
abdominal pain and dizziness over the past month. The 
family history was not relevant The past history 
showed the patient to have been bom a healthy child fol- 
lowing a normal labor. His development was normal. 
He was reported to have had measles at 2 months of 
age, pertussis at 3 years, and repeated attacks of tonsil- 
litis up to 2 years ago, when his tonsils and adenoids 
were removed. 

Physical examination revealed a poorly developed 
slightly underweight child. The blood pressure was 
260 mm, Hg systolic and 180 mm. Hg diastolic. The 
peripheral arteries were thickened. After rest, the blood 
pressure varied from 210 to ISO systolic and 160 to 120 
diastolia There was an albuminuric retinitis with hemor- 
rhages and exudate. The heart was not enlarged. Fol- 
lowing the administration of 0.12 gram of sodium nitrite 
by mouth the blood pressure fell from 200 systolic and 
150 diastoh'c to 155 systolic and 130 diastolic, the hands 
became cold and fingers and face cyanotic, and the 
brachial, cubital and radial arteries became softer. The 
urine contained from a very faint trace to a trace of 
albumin, moderate and varying numbers of white blood 
cells, and occasional hyaline and granular casts. The 
urea clearance was 88 per cent of normal and the specific 
gravity of the urine varied from 1.020 to 1.005. 

One month after admission the pain in the left flank 
became severer, the temperature rose to 103° F., the 
pyuria became more pronounced, and there was local ten- 
derness and fullness in the left kidney region. The white 
blood count rose to 22,000. It was at this time that the 
lower blood pressures were observed. An e-xploratory 
operation was deemed advisable. Through an incision 
running obliquely forward from the left side of the 
costovertebral angle the left kidney was exposed. The 
kidney was found to be markedly edematous. Toward 

3 We are indebted to Dr. Williams of the Rhode Island 
General Hospital for the autopsy report. 
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the lower pole there was a large amount of cellulitis and 
a small amount of pus. Nothing was felt in the position 
of the adrenal. A drain was inserted to the infected 
area and the wound closed in layers to the drain. Pus 
drained from the wound for 10 days. The drain was 
then removed, and the wound healed well. The urine 
continued to show a few white blood cells. The albu- 
minuric retinitis had now disappeared. After another 10 
days the blood pressure began gradually to increase until 
it had again reached 220 systolic and 17S diastolic. At 
this time the spinal fluid pressure was 350 mm. H^O. 
Intravenous pyelograms showed the dye to be well con- 
centrated and bilateral enlarged renal pelves and blunted 
calyces. The renal function remained unchanged. 

On January 2, 1931, a second exploratory operation was 
performed through a left rectus incision from the costal 
margin to umbilicus and a transverse incision from um- 
bilicus to perpendicular line from anterior superior spine. 
The right side of the abdomen, right kidney, and supra- 
renal was explored and nothing abnormal was made out. 
The peritoneum over the left kidney was incised and re- 
tracted. There was a moderate amount of inflammation 
about the enlarged left kidney. The left adrenal ap- 
peared normal. 

Following the operation, the blood pressure continued 
its gradual rise reaching 250 mm. Hg systolic and 180 
mm. Hg diastolic. At this time he had a hypertensive 
crisis with convulsions, pallor of left optic disc, and loss 
of sight. His heart showed slight left sided hypertrophy 
and a systolic murmur was heard at the apex. He re- 
covered, regained his vision, and improved sufficiently to 
be discharged h 9 me to his family physician. The urine 
still showed a trace of albumin, rare white and red blood 
cells, epithelial cells and granular casts. The blood non- 
protein nitrogen was not elevated, the red blood count 
was 4,900,000 and hemoglobin 80 per cent. The blood 
pressure was 230 mm. Hg systolic and 175 mm. Hg di- 
astolic. 

He was readmitted to the hospital April 17, 1931, with 
cardiac failure. The blood pressure was 140 mm. Hg 
systolic and 100 mm. Hg diastolic. The urea clearance 
of 79 per cent was normal. He had repeated attacks of 
severe abdominal pain and dyspnea relieved by obstructing 
the venous return from the lower extremities. The car- 
diac decompensation increased, and he died 10 days after 
readmission. 

Postmortem examination (A-31-68) showed bilateral 
chronic pyelonephritis and marked nephrosclerosis. 
Streptococcus hemolyticus was recovered from the heart’s 
blood and from exudate in the right pleural cavity, the 
pericardial cavity, and the peritoneal cavity. Of particu- 
lar importance in regard to the clinical story were the 
findings in the heart and vascular system, and in the 
kidneys. The heart was considerably enlarged, more 
marked on the left than the right side. On microscopic 
examination, diffuse fibrosis of the myocardium was 
found. There was generalized atheromatosis of the 
aorta. The smaller blood vessels of the pancreas, spleen, 
and periadrenal tissues were particularly involved. There 
was thickening of both the intima and the media with 


definite narrowing of the lumina of these vessels. Con- 
siderable perivascular fibrosis was also present. 

The kidneys were not weighed but appeared definitely 
enlarged. They were firm in consistency and were en- 
closed in strongly adherent and thickened capsules to 
which the fibrosed periadrenal tissues were firmly at- 
tached. On section, the parenchyma was pale, yellowish 
brown in color and bulged into the line of incision. The 
cortex measured between 4 to S mm. in thickness, and 
was poorly differentiated from the medulla. No stria- 
tions or glomeruli could be recognized on the cut surface. 
The small arteries stood out conspicuously because of 
their thickened walls. The pelves of both kidneys were 
slightly dilated. No exudate was present. The ureters 
were of uniform caliber and showed no inflammatory 
changes grossly. 

Five blocks were selected from the kidneys and sections 
were stained by several methods including Mallory’s con- 
nective tissue stain. The main features were severe in- 
fection and vascular lesions. There was a widespread 
chronic and acute inflammatory process with considerable 
replacement fibrosis and occasional areas of acute inflam- 
mation which amounted to abscess formation. In a few 
fields, areas of parenchyma were completely necrotic and 
were replaced by masses of polymorphonuclear cells. 
The connective tissue stroma was edematous and was in- 
filtrated with polymorphonuclear cells in scattered areas. 
The tubules showed acute degenerative changes. The epi- 
thelial lining cells were swollen, granular, and often con- 
tained fat or colloid droplets. Within the lumens of the 
tubules albuminous precipitate, hyaline and granular casts 
and cylinders composed of polymorphonuclear leukocytes 
were found. The arterioles were markedly thickened, 
and the lumens were decreased in many cases to the point 
of complete obliteration. Often, the walls of the arte- 
rioles were arranged in concentric rings in the character- 
istic onion layer arrangement. No hyaline deposits were 
found in the walls of the arterioles. The glomeruli 
showed various degrees of hyalinization of the vascular 
tufts up to complete hyaline change. Swelling of the 
endothelial cells with vacuolization was frequently noted 
in the capillaries of the glomeruli. In occasional areas 
where the acute inflammatory process in the renal paren- 
chyma was most marked, the tufts of the glomeruli were 
infiltrated with polymorphonuclear leukocytes, and in- 
flammatory cells and fibrin were occasionally noted m 
the capsular spaces. Large numbers of glomeruli, how- 
ever, retained their normal appearance. (See Figure 1.) 

The sequence of events cannot be stated with certainty. 
There is definite evidence of both old and recent pyelo 
nephritis. It is impossible to state whether the arteriolar 
lesions in the kidney and in other organs of the bo y 
came before or after the initial infection of the kidney^ 
The association of vascular lesions of this^ type an 
pyelonephritis has been noted on several occasions in our 
laboratory. It should be emphasized, however, that t e 
vascular lesions are not confined to the kidneys ; the sma 
vessels in the pancreas, spleen, and adrenals were a so 
involved. The enlargement of the heart and the myo 
carditis are probably secondary to the vascular disease. 
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Case 5: P. B. (Hospital Number 187,522), a boy of 7 
years, entered the hospital in November 1934 because of 
hematuria 3 to 4 times a week for the past two months 
and occasional dysuria. The family history was noncon- 
tributory. He had had a normal infancy and always 
been well except for chickenpo.x at 4 months of age, 
mumps at 2 years and measles at 6 years. Physical ex- 
amination showed a well developed and nourished boy 
with no abnormal findings. The blood pressure was 98 
mm. Hg systolic and SO mm. Hg diastolic. The urine 
contained a slight trace of albumin and was loaded with 
red blood cells. A roentgenogram of the abdomen 
showed a large solitary calculus at the lower pole of the 
right kidney. Intravenous pyelograms two days later 
showed the calculus in the region of the lower end of the 
right ureter. The right kidney pelvis was considerably 
dilated and the calyces were blunted. The right ureter 
was not outlined. The left kidney pelvis, calyces, and 
ureter were normal. The blood nonprotein nitrogen was 
20 mgm. per cent. A phenolsulphonephthalein intra- 
muscular test resulted in 30 per cent e.xcretion in the first 
hour and 25 per cent excretion in the second hour. The 
following day Dr. W. E. Ladd exposed the lower end of 
the right ureter and removed the calculus. On analysis, 
73 per cent of the dry material was ash composed of cal- 
cium oxalate, carbonate, and phosphate. Retrograde py- 
elography showed a markedly dilated right kidney pelvis 
with blunted calyces and a large tortuous right ureter. 
Culture of the urine from the left ureter and bladder 
gave no growth. The urine cleared, and the child was 
discharged to the outpatient department 
In January 1935, the urine contained many white blood 
cells and culture showed a growth of B. call. In spite of 
hexamethylenamine, ammonium chloride and ketogenic 
diet therapy the pyuria and bacilluria continued. On 
April 5, a right nephrostomy was done by Dr. W. E. 
Ladd. At the lower pole of the kidney the fat was ab- 
normally adherent, and there were several aberrant ves- 
sels, which did not, however, appear to compress the 
ureter. The pelvis of the kidney was greatly dilated and 
its wall thickened, and the ureter was markedly dilated 
and kinked on itself at the level of the lower pole of the 
kidney. An incision was made in the surface of the kid- 
ney pelvis, and catheter introduced down into the ureter. 
The kinking of the latter was partially relieved by free- 
ing dense, fibrous tissue, and the catheter could then be 
passed without difficulty the whole length of the ureter. 
A silk purse string suture was then placed in the mid 
point of the convexity of the kidney, and by sharp and 
blunt dissection a hole was made through the cortex of 
the kidney into the pelvis. A large catheter was inserted 
through this and carried out through the original inci- 
sion. The renal cortex was much thicker than antici- 
pated. 

On April 25, a phenolsulphonephthalein intramuscular 
test showed 15 per cent excretion from the nephrostomy 
drain in 32 cc. in the first hour and 10 per cent in 26 cc. 
the second hour. The catheter was removed April 30, 
the wound healed well, and the patient was discharged 


home May 13 with numerous white blood cells in the 
urine specimens. 

On August 7 he still had pyuria. He was readmitted 
to the hospital on August 13 because of vomiting and 
rapid pulse for 5 days. The temperature was normal. 
He was cyanotic and dyspneic with respirations 48 and 
pulse 140 per minute. The liver was enlarged to the 
umbilicus and there was dependent edema. The heart 
was large, the diameter measuring 13.5 cm. as compared 
to an internal diameter of the chest of 21.4 cm. Aus- 
cultation of the heart showed dropped beats. The blood 
pressure was 130 mm. Hg systolic and 100 mm. Hg di- 
astolic. There had never been any history suggesting 
rheumatic fever or any acute infection other than the 
pyelonephritis. After digitalization the pulse rate re- 
turned to normal, the dropped beats disappeared, there 
was a marked diuresis with loss of edema, and the blood 
pressure rose to 160 mm. Hg systolic and 105 mm. Hg 
diastolic. Urine from the right kidney contained B. coU 
and pus, and showed a 3 per cent excretion of intramus- 
cularly injected phenolsulphonephthalein in one hour, 
while the left kidney gave 16 per cent excretion and no 
organisms on culture. A urine concentration test gave a 
specific gravity as high as 1.024. The blood nonprotein 
nitrogen was 24 mgm. per cent. The sedimentation rate 
was normal. As there had been no hematuria or cylin- 
druria characteristic of nephritis at any time during this 
admission and no drop in blood pressure with the diuresis, 
it was felt that an acute hemorrhagic nephritis on top of 
the pyelonephritis could not account for the elevated 
blood pressure. No source of infection other than the 
right pyelonephritis could be found. During the follow- 
ing seven weeks the blood pressure varied behveen 122 to 
168 systolic and 90 to 110 diastolic. For the specific pur- 
pose of checking the hypertension and cardiac involve- 
ment, a right nephrectomy was done by Dr. W. E. Ladd 
on October 5. The ureter was found to be greatly di- 
lated, tortuous, and to be covered with numerous firm 
fibrous adhesions. About two inches above the bladder, 
the ureter regained its normal appearance, so at this 
point it rvas clamped, ligated, and cut with cautery. 

Examination of the right kidney and ureter showed the 
following. The gross specimen consisted of a right kid- 
ney measuring approximately 10 X 6 X 3 cm., surrounded 
by a moderate amount of deep orange-colored perirenal 
fat. The capsule was thick, opaque, and in certain areas 
markedly adherent to the kidney surface. The external 
surface was a diffuse yellowish-brown in color, stippled 
with closely placed deep red punctate areas. Over the 
inferior pole was a large, irregular, slightly depressed 
dull purplish-red area to which the capsule was markedly 
adherent At the superior pole were smaller discrete 
similar areas averaging 0.3 cm. in diameter. The kidney 
was moderately firm but boggy and cut with ease reveal- 
ing poorly defined cortical and medullary zones. The 
cortex was slightly swollen, measuring approximately 
0.7 cm. in thickness, slightly irregular, generally pale 
yellowish'brotvn in color with faint pinkish-gray linear 
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the lower pole there was a large amount of cellulitis and 
a small amount of pus. Nothing was felt in the position 
of the adrenal. A drain was inserted to the infected 
area and the wound closed in layers to the drain. Pus 
drained from the wound for 10 days. The drain was 
then removed, and the wound healed well. The urine 
continued to show a few white blood cells. The albu- 
minuric retinitis had now disappeared. After another 10 
days the blood pressure began gradually to increase until 
it had again reached 220 systolic and 175 diastolic. At 
this time the spinal fluid pressure was 350 mm. PIjO. 
Intravenous pyelograms showed the dye to be well con- 
centrated and bilateral enlarged renal pelves and blunted 
calyces. The renal function remained unchanged. 

On January 2, 1931, a second exploratory operation was 
performed through a left rectus incision from the costal 
margin to umbilicus and a transverse incision from um- 
bilicus to perpendicular line from anterior superior spine. 
The right side of the abdomen, right kidney, and supra- 
renal was explored and nothing abnormal was made out. 
The peritoneum over the left kidney was incised and re- 
tracted. There was a moderate amount of inflammation 
about the enlarged left kidney. The left adrenal ap- 
peared normal. 

Following the operation, the blood pressure continued 
its gradual rise reaching 250 mm. Hg systolic and 180 
mm. Hg diastolic. At this time he had a hypertensive 
crisis with convulsions, pallor of left optic disc, and loss 
of sight. His heart showed slight left sided hypertrophy 
and a systolic murmur was heard at the apex. He re- 
covered, regained his vision, and improved sufficiently to 
be discharged home to his family physician. The urine 
still showed a trace of albumin, rare white and red blood 
cells, epithelial cells and granular casts. The blood non- 
protein nitrogen was not elevated, the red blood count 
was 4,900,000 and hemoglobin 80 per cent. The blood 
pressure was 230 mm. Hg systolic and 175 mm. Hg di- 
astolic. 

He was readmitted to the hospital April 17, 1931, with 
cardiac failure. The blood pressure was 140 mm. Hg 
systolic and 100 mm. Hg diastolic. The urea clearance 
of 79 per cent was normal. He had repeated attacks of 
severe abdominal pain and dyspnea relieved by obstructing 
the venous return from the lower extremities. The car- 
diac decompensation increased, and he died 10 days after 
readmission. 

Postmortem examination (A-31-68) showed bilateral 
chronic pyelonephritis and marked nephrosclerosis. 
Streptococcus hemolyticus was recovered from the heart’s 
blood and from exudate in the right pleural cavity, the 
pericardial cavity, and the peritoneal cavity. Of particu- 
lar importance in regard to the clinical story were the 
findings in the heart and vascular system, and in the 
kidneys. The heart was considerably enlarged, more 
marked on the left than the right side. On microscopic 
examination, diffuse fibrosis of the myocardium was 
found. There was generalized atheromatosis of the 
aorta. The smaller blood vessels of the pancreas, spleen, 
and periadrenal tissues were particularly involved. There 
was thickening of both the intima and the media with 


definite narrowing of the lumina of these vessels. Con- 
siderable perivascular fibrosis was also present. 

The kidneys were not weighed but appeared definitely 
enlarged. They were firm in consistency and were en- 
closed in strongly adherent and thickened capsules to 
which the fibrosed periadrenal tissues were firmly at- 
tached. On section, the parenchyma was pale, yellowish 
brown in color and bulged into the line of incision. The 
cortex measured between 4 to 5 mm. in thickness, and 
was poorly differentiated from the medulla. No stria- 
tions or glomeruli could be recognized on the cut surface. 
The small arteries stood out conspicuously because of 
their thickened walls. The pelves of both kidneys were 
slightly dilated. No exudate was present. The ureters 
were of uniform caliber and showed no inflammatory 
changes grossly. 

Five blocks were selected from the kidneys and sections 
were stained by several methods including Mallory’s con- 
nective tissue stain. The main features were severe in- 
fection and vascular lesions. There was a widespread 
chronic and acute inflammatory process with considerable 
replacement fibrosis and occasional areas of acute inflam- 
mation which amounted to abscess formation. In a few 
fields, areas of parenchyma were completely necrotic and 
were replaced by masses of polymorphonuclear cells. 
The connective tissue stroma was edematous and was in- 
filtrated with polymorphonuclear cells in scattered areas. 
The tubules showed acute degenerative changes. The epi- 
thelial lining cells were swollen, granular, and often con- 
tained fat or colloid droplets. Within the lumens of the 
tubules albuminous precipitate, hyaline and granular casts 
and cylinders composed of polymorphonuclear leukocytes 
were found. The arterioles were markedly thickened, 
and the lumens were decreased in many cases to the point 
of complete obliteration. Often, the walls of the arte- 
rioles were arranged in concentric rings in the character- 
istic onion layer arrangement. No hyaline deposits were 
found in the walls of the arterioles. The glomeruli 
showed various degrees of hyalinization of the vascular 
tufts up to complete hyaline change. Swelling of the 
endothelial cells with vacuolization was frequently nomd 
in the capillaries of the glomeruli. In occasional areas 
where the acute inflammatory process in the renal paren- 
chyma was most marked, the tufts of the glomeruli were 
infiltrated with polymorphonuclear leukocytes, and in- 
flammatory cells and fibrin were occasionally noted m 
the capsular spaces. Large numbers of glomeruli, how- 
ever, retained their normal appearance. (See Figure l.I 

The sequence of events cannot be stated with certainty. 
There is definite evidence of both old and recent pyelo- 
nephritis. It is impossible to state whether the arterio ar 
lesions in the kidney and in other organs of the bo y 
came before or after the initial infection of the kidneys. 
The association of vascular lesions of this^ type an 
pyelonephritis has been noted on several occasions in our 
laboratory. It should be emphasized, however, that t e 
vascular lesions are not confined to the kidneys ; the sma 
vessels in the pancreas, spleen, and adrenals were a so 
involved. The enlargement of the heart and the myo 
carditis are probably secondary to the vascular disease. 



PYELOHEPHRITIS AND HYPERTENSION 


895 


Case 5: P. B. (Hospital Number 187,522), a boy of 7 
years, entered the hospital in November 1934 because of 
hematuria 3 to 4 times a week for the past two months 
and occasional dysuria. The family history was noncon- 
tributory. He had had a normal infancy and always 
been well except for chickenpox at 4 months of age, 
mumps at 2 years and measles at 6 years. Physical ex- 
amination showed a well developed and nourished boy 
with no abnormal findings. The blood pressure was 98 
mm. Hg systolic and SO mm. Hg diastolic. The urine 
contained a slight trace of albumin and was loaded with 
red blood cells. A roentgenogram of the abdomen 
showed a large solitary calculus at the lower pole of the 
right kidney. Intravenous pyelograms two days later 
showed the calculus in the region of the lower end of the 
right ureter. The right kidney pelvis was considerably 
dilated and the calyces were blunted. The right ureter 
was not outlined. The left kidney pelvis, calyces, and 
ureter were normal. The blood nonprotein nitrogen was 
20 mgm. per cent. A phenolsulphonephthalein intra- 
muscular test resulted in 30 per cent excretion in the first 
hour and 25 per cent e.xcretion in the second hour. The 
following day Dr. W. E. Ladd exposed the lower end of 
the right ureter and removed the calculus. On analysis, 
73 per cent of the dry material was ash composed of cal- 
cium oxalate, carbonate, and phosphate. Retrograde py- 
elography showed a markedly dilated right kidney pelvis 
with blunted calyces and a large tortuous right ureter. 
Culture of the urine from the left ureter and bladder 
gave no growth. The urine cleared, and the child was 
discharged to the outpatient department. 

In January 1935, the urine contained many white blood 
cells and culture showed a growth of B. coli. In spite of 
hexamethylenamine, ammonium chloride and ketogenic 
diet therapy the pyuria and bacilluria continued. On 
April 5, a right nephrostomy was done by Dr. \V. E. 
Ladd. At the lower pole of the kidney the fat was ab- 
normally adherent, and there were several aberrant ves- 
sels, which did not, however, appear to compress the 
ureter. The pelvis of the kidney was greatly dilated and 
its wall thickened, and the ureter was markedly dilated 
and kinked on itself at the level of the lower pole of the 
kidney. An incision was made in the surface of the kid- 
ney pelvis, and catheter introduced down into the ureter. 
The kmking of the latter was partially relieved by free- 
ing dense, fibrous tissue, and the catheter could then be 
passed without difficulty the whole length of the ureter. 
A silk purse string suture was then placed in the mid 
pomt of the convexity of the kidney, and by sharp and 
blunt dissection a hole was made through the cortex of 
the kidney into the pelvis. A large catheter was inserted 
through this and carried out through the original inci- 
sion. The renal cortex was much thicker than antici- 
pated. 

On April 25, a phenolsulphonephthalein intramuscular 
test showed IS per cent excretion from the nephrostomy 
drain in 32 cc. in the first hour and 10 per cent in 26 cc. 
the second hour. The catheter was removed April 30, 
the wound healed well, and the patient was discharged 


home May 13 with numerous white blood cells in the 
urine specimens. 

On August 7 he still had pyuria. He was readmitted 
to the hospital on August 13 because of vomiting and 
rapid pulse for 5 days. The temperature was normal. 
He was cyanotic and dyspneic with respirations 48 and 
pulse 140 per minute. The liver was enlarged to the 
umbilicus and there was dependent edema. The heart 
was large, the diameter measuring 13.5 cm. as compared 
to an internal diameter of the chest of 21.4 cm. Aus- 
cultation of the heart showed dropped beats. The blood 
pressure was 130 mm. Hg systolic and 100 mm. Hg di- 
astolic. There had never been any history suggesting 
rheumatic fever or any acute infection other than the 
pyelonephritis. After digitalization the pulse rate re- 
turned to normal, the dropped beats disappeared, there 
was a marked diuresis with loss of edema, and the blood 
pressure rose to 160 mm. Hg systolic and 105 mm. Hg 
diastolic. Urine from the right kidney contained B. coli 
and pus, and showed a 3 per cent excretion of intramus- 
cularly injected phenolsulphonephthalein in one hour, 
while the left kidney gave 16 per cent excretion and no 
organisms on culture. A urine concentration test gave a 
specific gravity as high as 1.024. The blood nonprotein 
nitrogen was 24 mgm. per cent. The sedimentation rate 
was normal. As there had been no hematuria or cylin- 
druria characteristic of nephritis at any time during this 
admission and no drop in blood pressure with the diuresis, 
it was felt that an acute hemorrhagic nephritis on top of 
the pyelonephritis could not account for the elevated 
blood pressure. No source of infection other than the 
right pyelonephritis could be found. During the follow- 
ing seven weeks the blood pressure varied between 122 to 
168 systolic and 90 to 110 diastolic. For the specific pur- 
pose of checking the hypertension and cardiac involve- 
ment, a right nephrectomy was done by Dr. W. E. Ladd 
on October 5. The ureter was found to be greatly di- 
lated, tortuous, and to be covered with numerous firm 
fibrous adhesions. About two inches above the bladder, 
the ureter regained its normal appearance, so at this 
point it was clamped, ligated, and cut with cautery. 

Examination of the right kidney and ureter showed the 
following. The gross specimen consisted of a right kid- 
ney measuring approximately 10 X 6 X 3 cm., surrounded 
by a moderate amount of deep orange-colored perirenal 
fat. The capsule was thick, opaque, and in certain areas 
markedly adherent to the kidney surface. The external 
surface was a diffuse yellowish-brown in color, stippled 
with closely placed deep red punctate areas. Over the 
inferior pole was a large, irregular, slightly depressed 
dull purplish-red area to which the capsule was markedly 
adherent. At the superior pole were smaller discrete 
similar areas averaging 0.3 cm. in diameter. The kidney 
was moderately firm but boggy and cut with ease reveal- 
ing poorly defined cortical and medullary zones. The 
cortex was slightly swollen, measuring approximately 
0.7 cm. in thickness, slightly irregular, generally pale 
yellowish-brown in color with faint pinkish-gray linear 
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radiations. At the superior pole there was a dull, moist, 
purplish-red, wedge-shaped lesion with a deep red central 
area, extending to the tip of an inferior calyx. The 
medulla was moist, pale brownish-yellow in color willi 
faint red linear radiations. The pyramids were pale yel- 
lowish-brown, smooth and moist. The pelves and calyces 
were greatly dilated with moist, rough granular mucosal 
surfaces, dirty bluish-yellow in color flecked with nu- 
merous small bright and dark red pin-point lesions. The 
ureter was dilated, measuring 2.8 cm. in circumference. 
It was redundant and kinked but patent. The mucosa 
was swollen, thickened, wrinkled, and dirty yellowish- 
gray in color. Numerous small irregular bright red pin- 
point lesions were scattered over the mucosal surface. 
The specimen was sectioned and fixed in Zenlier’s solution 
and 10 per cent Formalin solution. 

Six sections of kidney and two sections of ureter were 
stained by various methods including Mallory’s connective 
tissue stain. There was some thickening, edema, and 
lymphocytic infiltration of the capsule. The interstitial 
tissues were densely infiltrated by lymphocytes, poly- 
morphonuclear leukocytes, and mononuclear cells. In 
occasional areas the renal parenchyma was replaced by 
polymorphonuclear leukocytes and lymphocytes. In other 
areas, lymphocytes were packed so densely that a sug- 
gestion of lymph follicle formation was noted. Inflam- 
matory changes extended throughout the entire kidney 
and were prominent in the subpelvic tissues. The con- 
voluted and collecting tubules were dilated, and the lining 
epithelium showed cloudy swelling, fragmentation of the 
cytoplasm, and in some areas flattening of the epithelium. 
Occasional tubules were filled with polymorphonuclear 
leukocytes. In many of the glomeruli there was increased 
prominence of the basement membrane both in the capil- 
lary loops and in the capsule itself. Many glomeruli 
were practically bloodless. The basement membrane was 
particularly thickened in the areas of greatest inflam- 
matory infiltration, and the capsules of the glomeruli 
showed fibrosis and hyalinization. In a number of in- 
stances there were adhesions between the glomerular 
tufts and the capsule. Inflammatory cells in the glomeruli 
were lacking. Moderate thickening of both the media 
and intima of the smaller arterioles was noted. Edema, 
acute and chronic inflammation, and congestion were 
noted beneath the mucosa of the ureters. (See Figure 2.) 

Postoperatively the blood pressure fell to 100 mm. Hg 
systolic and 70 mm. Hg diastolic, and the urine was clear. 
During the subsequent 20 months, examination at six 
outpatient visits have shown that the heart has been of 
normal size, the urine negative for pus and bacteria, the 
blood pressure never higher than 115 mm. Hg systolic 
and 75 mm. Hg diastolic, and the urea clearance within 
normal limits. 

Case 6: Dr. J. D. Barney's patient, A girl 10 years of 
age with a history of pyuria of at least two years’ dura- 
tion was admitted to the hospital March 1937 with a bac- 
illuria and a varying number of white blood cells in the 
urine and a hypertension of 190 mm. Hg systolic and 
120 mm. Hg diastolic pressure. The blood nonprotein 


nitrogen and the excretion of phenolsulphonephthalein 
were within normal limits. The day following the re- 
moval of the right kidney by Dr. Barney the blood pres- 
sure fell to 110 mm. Hg systolic and 70 diastolic and 
remained below that level during the subsequent stay in 
the hospital. Three months later, when the child was 
last seen, she appeared to be a healthy active child, and 
the blood pressure was 92 systolic and 60 diastolic. Dr. 
T. B. Malloo' described the kidney as a small irregularly 
scarred kidney with dilated pelvis and slightly injected 
ureter, whicii on section showed a most marked thicken- 
ing of the tnedia and intima of the arterioles and an in- 
filtration of cells in areas throughout the parenchyma and 
beneath the epithelium of the pelvis and several calyces. 

I wish to acknowledge my indebtedness to Dr. Sidney 
Farber for the pathological descriptions of Cases 4 and 
5 and for his cooperation in reviewing with me many 
cases of pyelonephritis, and to thank Dr. J. D. Barney 
and Dr. T. B. Mallory for permitting reference to their 
case. 
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When guinea pigs are infected with tubercle 
bacilli tiiey become allergic. Also, they develop 
a demonstrable degree of immunity. This, all 
workers in tuberculosis know. Indeed, the as- 
sociation of allergy and immunity is so close that 
many have postulated a necessary bond between 
them. In recent years, however. Rich (1) and 
several other observers (2) have done work which 
purports to show' that allergy and immunity to 
tuberculosis have no obligate relation and can be 
separated — the animal may be deprived of its 
allergy, without suffering any loss of immunity. 
These investigators have desensitized allergic 
guinea pigs by repeated injections of tuberculin, 
have rendered them non-allergic, and have shown 
that such animals seem to be immune for several 
weeks (up to 65 days) after re-infection with 
virulent tubercle bacilli. 

Our observations on this c^uestion embrace the 
use of approximately 500 guinea pigs in several 
series of experiments w'hich have been of two 
varieties: (1) The desensitization of allergic ani- 
mals and the study of their immunity and (2) 
the prevention of the development of allergy by 
daily injection of tuberculin - made prior to in- 
fection with virulent bacilli, and continued until 
the termination of the experiments. The develop- 
ment of tuberculosis in these latter, unsensitized 
animals was then compared wdth its development 
in the normal and the allergic control animals. 

Tuberculosis in allergic-desensitized animals 

Briefly and without elaboration of the data, it 
uiay be stated that our first and larger group of 
experiments confirmed in part the impression 
gained by other workers that immunity persists 

^ Presented in part before the meeting of the American 
Society for Clinical Investigation at Atlantic City, May 
3, 1937. 


in desensitized animals for several weeks after 
re-infection. However, we learned that this pro- 
tection is but temporary, for wdien such animals, 
continued in complete desensitization, live four 
months or more after re-infection, they no longer 
show such immunity but die of extensive tubercu- 
losis of the lungs — this at a time when the allergic 
control animals show' but an occasional, scattered 
tubercle here and there in' the body. And when 
six months have passed after re-infection, all the 
desensitized animals have invariably died of tu- 
berculosis, while most of the allergic animals re- 
main relatively free from this disease. 

Tuberculosis in normal-desensitised ~ animals 

The question then arose as to w'hat would hap- 
pen if normal guinea pigs were prevented from 
ever developing allergy after the}' had been in- 
fected, and our most significant results occurred in 
animals thus treated. The details in one series of 
these experiments may be given as representative. 
In this experiment 48 animals w'ere used. Six- 
teen of these had had preliminary infection with 
R, (strain of low virulence) for three weeks. 
Sixteen were normal controls. The remaining 
sixteen were normal, but, in each one, daily in- 
jection of 1 cc. of Old Tuberculin had been started 
three days before all 48 w'ere infected subcuta- 
neously with a large dose ^ of virulent tubercle 
bacilli of the human type. The daily injections of 
tuberculin w'ere continued in the third group. All 
animals were skin tested with tuberculin at the 
third, the sixth and the tenth w'eek after infection. 
The previously allergic animals remained allergic 
and gave tuberculin reaction; the normal animals 
became allergic at the third week and remained so ; 
the third group — the normal-desensitized group 

3 •• Normal-desensitized ” may seem a contradiction of 
terms. However, it e.vpresscs better than any other 
phrase the actual status of these animals. 

Four-tenths milligram moist weight inoculated in O.-l 
cc. saline in each pig. 


■ The tuberculin used in our experimental work was 
very kindly furnished by Parke, Davis & Co. 
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□ DEATH DUE TO HON-JPECinc CAUSES 
CD MODERATE TUOCRCULOSIS 

■■ Extensive tuberculosis 
S SACRIFICED 

Fig. 1. AIoktalitv Rkcoku rou tiik Tiikkk Groui'.s ok 

Ani.m.als 

Tlie animaJs died in tlie week indicated except tJiat in 
the 12th week two animals were sacrificed. 

which received daily injections of tuberculin — 
never developed allergy. 

Briefly stated, the results were as follows for 
the normal control group (Figure 1), In the 
fourth, fifth and sixth week following infection, 
six animals died of nonspecific pneumonia, but 
each one had tubercles in the lungs. From the 
seventh to the tenth week, nine of the animals 
succumbed to tuberculosis. The last one was 
killed in the twelfth week and was found to have 
miliary tuberculosis. 

Of the 16 animals in the normal-densensitized 
group, one died in the first week and two in the 
fourth week with nonspecific pneumonia. In the 
fifth and sixth weeks 4 animals died due to non- 
specific pneumonia, but they also showed tuber- 
cles in the lungs. All animals in this group 


which lived as long as eight weeks after infection 
were found to show, at autopsy, an unusual degree 
of tuberculous pneumonia, characterized by ab- 
sence of ordinary tubercles and by marked in- 
crease in the volume of the lungs, which were 
almost completely hepatized by the pneumonic 
process, (Figure 2). Smears made from the cut 
surface of these lungs showed innumerable acid 
fast bacilli (P'igure 3). 

Of the 16 guinea pigs in the allergic group, two 
died in the second week after reinfection, two in 
the ninth and three in the tenth, all with non- 
specific pneumonia, but the latter 5 animals 
showed an occasional tubercle. One was killed 
in the twelfth week and showed scattered tuber- 
cles in the viscera. Eight remained alive and well 
after twelve weeks. 

It may be stated further that this striking and 
extensive involvement of the lung is but a part 
of the characteristic picture, for, as the tuber- 
culous process develops in the lungs of these ani- 
mals, the disease spares the other viscera so that 
the spleen and liver remain of practically normal 
size and appearance. 

Whatever else may be deduced from the factors 
contributing to these results, it is clear at least that 
normal-desensitized (non-allergic) guinea pigs 
provide fertile soil for the tubercle bacillus; that 
such animals, without allergy, are without im- 
munity. 



Fig. 2. Lungs from Animals Representative of the Three Groups, in the Third 

Month after the Virulent Infection 

To the left, lung from an allergic, reinfected pig. No definite tubercles can be identi- 
fied in the gross. Middle, lung from normal control animal. Scattered tubercles can be 
seen. Right, lung from normal-desensitized pig. All lobes are distended with tuberculous 
bronchopneumonia. Smears from these lungs show innumerable acid-fast bacilli. Photo- 
graph % natural size. 
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Fig. 3. Impression S.mear from Lung of Desensitized Guinea Pig Show- 
ing THE Great Number of Acid-fast Bacilli 

2iehI-NeeIsen stain. Photograph taken with blue light. X 1200. 


SUMMARY 

(1) Allergic-desensitized guinea pigs experi- 
ence a delay of several weeks (after reinfection) 
in the development of tuberculosis. This delay 
has been mistaken for retained immunity. 

(2) Animals which have been prevented from 
developing allergy by injection of tuberculin are 
unusually susceptible to tuberculosis and develop 
what is probably the most marked degree of tuber- 
culous pneumonia yet produced in experimental 
animals. 

(3) These observations indicate that it is un- 
safe as yet to conclude that the phenomena of al- 


lergy are an unessential part of the mechanism of 
defense against tuberculosis. 
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In 1923, Salvesen and Linder (1) pointed out 
that hypoproteinemia in the nephrotic type of 
Bright’s disease is associated with hypocalcemia, 
the calcium content of the serum tending to paral- 
lel the total serum protein level. Marrack and 
Thacker (2) and Hastings, Murray and Sendroy 
(3) subsequently expressed this proportionality 
between total calcium and total protein more pre- 
cisely in the form of an empirical regression equa- 
tion. By plotting the calcium content of body 
fluids of low or normal protein content as ordi- 
nates against the respective total protein values, 
they showed that the points so obtained approxi- 
mate a straight line which has a positive slope and 
intersects the “ y ” (Ca) axis at a point above the 
origin. Such a linear relation, since confirmed in 
nephrotic and normal sera by others (4, S, 6), 
may be expressed by the general regression equa- 
tion (5) ; 

Total Ca = w total protein &, I 

where m, the slope of the line, is a constant which 
defines the amount of calcium bound per unit 
total protein 

and b, the intercept on the “ y ” axis, is a constant 
which defines the amount of calcium not bound 
to protein. 


calcium proteinate where the protein molecules are 
assumed to be composed of a series of negatively 
charged' divalent ions : 


[Ca++]-[Prot.--] 
[Ca Prot.] 


Substituting [Total Prot.] — [Ca Prot,] for 
[Prot.~] and simplifying, we obtain: 


[Ca++]- [Total Prot.] 
[Ca Prot.] 


= K-{- [Ca'<-+]. 


Substituting [Total Ca] — [Ca'’^^] for [Ca 
Prot.] and dividing both sides of the equation 
by [Ca**], we obtain: 

[Total Prot.] K , , 

[Total Ca] - [Ca++] ~ [Ca'^'+J 

For the special case where the concentration of 
Ca** is constant (and the experimental data used 
in deriving Equation I are restricted by definition 
to that condition), the constant b may be substi- 
tuted for [Ca**]. Designating the relation of 
K 

constants -f- 1 by the reciprocal of the constant 
m, we obtain : 

[Total Prot.} _ 

[Total Ca] — b m‘ 


Though derived from clinical data, and purely 
empirical. Equation I is in accord with deductions 
drawn from dialysis and ultrafiltration experi- 
ments. These indicate that calcium present in 
serum is partly in a non-diffusible, partly in a dif- 
fusible state. At physiological concentrations of 
Ca**, POi~ and H*, the non-diffusible calcium 
fraction appears to be protein-bound calcium ; and 
values obtained for the diffusible calcium fraction, 
which is composed largely of Ca** (7, 8), are in 
satisfactory agreement with values obtained for 
McLean and Hastings (5) have shown, fur- 
ther, that Equation I may be derived from a gen- 
^ml mass law equation for the dissociation of 


which solved for [Total Ca] gives Equation I. 

Equation I does not apply if there is a primary 
disturbance in calcium metabolism (3) nor in the 
presence of hyperphosphatemia (1, 4). But apart 
from these restrictions, this equation seems so well 
supported by both empirical and theoretical evi- 
dence that it has come to be regarded as a gen- 
erally valid expression of the relation between to- 
tal calcium and total serum protein. 

For example, it is inferred — as follows from 
Equation I— that elevated calcium values are to 
be expected in association with /lyZ-crproteinemia. 
Since a significant proportion (almost half) of 
the total calcium in normal serum is bound to 
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In 1923, Salvesen and Linder (1) pointed out 
that hypoproteinemia in the nephrotic type of 
Bright’s disease is associated with hypocalcemia, 
the calcium content of the serum tending to paral- 
lel the total serum protein level. Marrack and 
Thacker (2) and Hastings, Murray and Sendroy 
(3) subsequently expressed this proportionality 
between total calcium and total protein more pre- 
cisely in the form of an empirical regression equa- 
tion. By plotting the calcium content of body 
fluids of low or normal protein content as ordi- 
nates against the respective total protein values, 
they showed that the points so obtained approxi- 
mate a straight line which has a positive slope and 
intersects the “y ” (CJa) axis at a point above the 
origin. Such a linear relation, since confirmed in 
nephrotic and normal sera by others (4, 5, 6), 
may be expressed by the general regression equa- 
tion (S) : 

Total Ca — in-total protein -\-b, I 

where m, the slope of the line, is a constant which 
defines the amount of calcium bound per unit 
total protein 

and b, the intercept on the “ y ” axis, is a constant 
which defines the amount of calcium not bound 
to protein. 


calcium proteinate where the protein molecules are 
assumed to be composed of a series of negatively 
charged' divalent ions : 


[Ca++]-[Prot.--] ... „ 
[Ca Prot.] 


II 


Substituting [Total Prot.] — [Ca Prot.] for 
[Prot."~] and simplifying, we obtain: 


[Ca++]* [Total Prot.] _ ^ 

[CTpF^q i^ + [Ca++], 


Substituting [Total Ca] — [Ca^*] for [Ca 
Prot.] and dividing both sides of the equation 
by [Ca*’’], we obtain: 

[Total Prot.] _ K . . 

[Total Ca] - [Ca++] “ [Ca++] 

For the special case where the concentration of 
Ca'^ is constant (and the experimental data used 
in deriving Equation I are restricted by definition 
to that condition), the constant b may be substi- 
tuted for [Ca'^'^]. Designating the relation of 

constants y -f- 1 by the reciprocal of the constant 

m, we obtain : 

[Total Prot.] _ 1 
[Total Ca] — b ~ m' 


Though derived from clinical data, and purely 
empirical. Equation I is in accord with deductions 
drawn from dialysis and ultrafiltration experi- 
ments. These indicate that calcium present in 
seri^ is partly in a non-difFusible, partly in a dif- 
^sible state. At physiological concentrations of 
PO^ and H*, the non-diffusible calcium 
raction appears to be protein-bound calcium ; and 
values obtained for the diffusible calcium fraction, 
which is composed largely of Ca*'^ (7, 8), are in 
satisfactory agreement with values obtained for 
• McLean and Hastings (5) have shown, fur- 
that Equation I may be derived from a gen- 
^rnl mass law equation for the dissociation of 


which solved for [Total Ca] gives Equation I. 

Equation I does not apply if there is a primary 
disturbance in calcium metabolism (3) nor in the 
presence of hyperphosphatemia (1, 4). But apart 
from these restrictions, this equation seems so well 
supported by both empirical and theoretical evi- 
dence that it has come to be regarded as a gen- 
erally valid expression of the relation between to- 
tal calcium and total serum protein. 

For example, it is inferred — as follows from 
Equation I — that elevated calcium values are to 
be expected in association with /iy/>ei'proteinemia. 
Since a significant proportion (almost half) of 
the total calcium in normal serum is bound to 


903 



904 


ALEXANDER B, GUTMAN AND ETHEL BENEDICT GUTMAN 


protein, it does seem to follow that with increased 
protein content there would be an increase in cal- 
cium bound to protein and, consequently, a rise 
in the total calcium content of the serum ; hyper- 
proteinemia being regarded in this sense as “a 
cause of ” or “ responsible for ” hypercalcemia. 
A number of cases of multiple myeloma have 
been described in which hyperproteinemia was, in 
fact, associated with hypercalcemia. And in such 
cases, a definite increase in the non-diffusible (or 
protein-bound) calcium fraction could be demon- 
strated by ultrafiltration — a result in accord with 
the implications of Equation I. 

Despite this considerable body of supporting 
evidence, however, empirical equations of the gen- 
eral form of Equation I should be regarded, as 
Peters and Van Slyke (9) have pointed out, only 
as “ rough first approximations ” of the relation 
of calcium to protein in serum. It has often been 
noted that when, as in hepatic cirrhosis ( 10) , de- 
creased serum albumin is associated with increased 
serum globulin, the serum calcium level seems to 
parallel the albimim rather than the total serum 
protein content. Such observations led Schmidt 
and Greenberg (11) to conclude that “ because the 
protein bound calcium probably is very largely 
united to the albumin rather than to the total pro- 
tein, the total protein content of the serum can 
only give an inadequate representation.” 

Our own data indicate that in a variety of dis- 
eases presenting hyperglobulinemia, there is a se- 
rious discrepancy between observed serum cal- 
cium and that calculated by formulae based upon 
Equation I (6, 12). It would appear that Equa- 
tion I in its present form is not generally valid 
(within the limitations prescribed above), as has 
been assumed. Analysis of our data suggests fur- 
ther that a more satisfactory approximation could 
be effected by an expression relating calcium spe- 
cifically to the several protein fractions of which 
the total serum protein is composed. A definitive 
equation of this kind is not attainable for the 
present because of the prevailing uncertainty re- 
garding the serum protein fractions and their cal- 
cium-binding properties under the conditions ex- 
isting in serum. By graphic and statistical analy- 
sis of our data, however, we derived an equation 
relating total calcium to serum albumin and two 
arbitrarily defined serum globulin fractions. This 
equation appears to give better agreement between 


observed and calculated serum calcium over a 
wide range of variation in serum proteins than do 
equations relating total calcium to total protein, 
to albumin and total globulin, or to albumin alone. 

MATERIAL AND METHODS 

Our data (Table I) include 27 observations on 21 cases 
of the nephrotic syndrome, with low albumin and normal 
or somewhat decreased globulin levels; 20 observations 
on 15 normal subjects; SO observations on 39 cases of 
lymphogranuloma inguinale, 37 sera containing more than 
8.0 per cent total protein; 25 observations on 20 miscel- 
laneous cases with hyperproteinemia not due to lympho- 
granuloma inguinale, multiple myeloma or hepatic cir- 
rhosis; and *12 observations on 28 cases of hepatic cir- 
rhosis, with low or normal albumin and normal or high 
globulin levels. With the exception of cases of e-xtreme 
dehydration, which were not available for study, the data 
may be regarded as illustrative of the types of changes in 
serum proteins occurring in disease. 

For reasons stated in the text, conditions in which the 
concentration of Ca'^ per unit serum water could not be 
assumed to be within normal limits were excluded : Cases 
with a primary disturbance in calcium metabolism (in- 
cluding multiple myeloma) ; cases with hyperphosphate- 
mia; and cases with hypoproteinemia due to malnutrition 
or occurring in terminal stages of wasting diseases. 
Apart from these restrictions, and the inclusion of only a 
few representative normal values, the data are unselected. 

Serum calcium was determined by the Clark and Collip 
modification of the Kramer and Tisdall method (30). 
Serum protein was determined by difference, total nitro- 
gen by the Kjeldahl technique, and nonprotein nitrogen 
by Folin’s method with nesslerization (31). Albumin and 
the globulin fractions were estimated by Howe's method 
(32), nitrogen being determined by the micro-Kjeldahl 
technique and titration. Inorganic phosphorus was deter- 
mined by the method of Kuttner and Lichtenstein as mod- 
ified by A. Bodansky (33). All determinations were car- 
ried out in duplicate, except some calcium analyses, when 
insufficient serum was available. 

In view of the wide range in total protein content o 
our sera, the concentrations of all relevant solutes were 
expressed in terms of serum H.O. This involves a cor 
rection : 

~ l¥,' 

where 

Cw — concentration of solute per unit weight of serum 
HsO. 

Cs = concentration of solute per unit volume of serum. 
Ws — grams of H-O per 100 cc. serum, 

W 3 was calculated by the McLean and Hastings for 
mula (S) : 


Ws = 99.0 — 0.75P3, 
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where 

Pt — grams of total protein per 100 cc. serum, 

0.75 = the Svcdberg and Sjogren factor for specific 
molecular volume of scrum protein 
and 1 per cent of serum volume is assumed to be occupied 
by solutes other than protein. 

A quotient nomogram (Figure 1), which proved use- 
ful for rapid conversion of large groups of data and for 
checking values calculated in the usual manner, was con- 
structed on the basis of the formula; 

log w = log y -}- colog :: 

where 

X — Cw as defined above, 
y = C« as defined above, 

- = Wa as defined above -H 100. 

Colunrn Pa represents the observed serum protein con- 
tent in grams per 100 cc. serum. The columns Ca and 
C'a represent the observed concentration per 100 cc. serum 
of that solute which is to be expressed in terms of serum 
water; Ca being scaled to cover the range 1.5 to 3.0 and 

3.0 to 6.0; the scale of C'a reading from 1.0 to 1.5 and 
from 6.0 to lO.O.^- A straight line connecting the point 
on the Pa column corresponding to the observed total 
protein content of the serum, with the point on the Ca 
or C'a column corresponding to the observed concentra- 
tion of solute in serum, will intersect the adjacent Cv> 
or the respective C'lo column at a point representing the 
desired concentration of solute in serum water. 

The nomogram is applicable to sera containing 3.0 to 

12.0 grams of total protein per 100 cc. serum. It gives 
results accurate to the third significant figure over the 
range of variation in serum electrolytes (expressed in 
milligrams respectively grams, or in milliequivalents). 

RESULTS 

Relation of total serum calcium to total serum 
protein in the nephrotic syndrome and in normal 
subjects. In Figure 2, we have plotted values for 
total serum calcium against the respective total 
protein content of sera obtained from patients 
with the nephrotic syndrome. To show the trend 
more clearly, 4 observations on 4 cases of “ healed 
nephrosis ” and 15 representative results on nor- 
mal subjects are included. The points, indicated 
by hollow dots, show a positive linear correlation 
which is in good agreement with Equation I. The 
straight line shown in Figure 2 was not drawn 
through our points but represents Equation I 
where m = 0.75 and & = 5.6, total protein being 
expressed in grams, total calcium in milligrams 

^To convert solute concentrations greater than 10.0, 
move the decimal point to conform with scales of the Ca 
or C a column and the respective Cw or C'w column. 


per 100 grams serum water. These values for m 
and b are the means of the several constants ob- 
tained empirically by various investigators, as cal- 
culated by McLean and Hastings (5). 

Our results, therefore, are in accord with the 
findings in the literature with respect to the direct 
proportionality between total serum calcium and 
total serum protein in the nephrotic syndrome and 
in normal subjects. As a corollary, it may be in- 
ferred that the standard methods employed in de- 
termining calcium and protein give results in our 
hands which are consistent with those obtained by 
others; and consequently the discrepancies en- 
countered in the diseases now to be considered are 
not due to differences in technique. 

Relation of total serum calcium to total serum 
protein in lymphogranuloma inguinale. As was 
pointed out elsewhere (13, 14), many cases of 
lymphogranuloma inguinale present hyperpro- 
teinemia, the total protein reaching levels as high 
as 11 grams per 100 cc. serum. Hyperproteinemia 
in lymphogranuloma inguinale is not, however, 
associated with hypercalcemia (13, 14). The 
points obtained by plotting total calcium against 
the respective total serum protein in our cases 
(Figure 2) do not fall along the straight line cor- 
responding to Equation I. The trend shown by 
these points is approximately parallel to the “ x ” 
axis. It would appear, therefore, that the linear 
relation between total serum calcium and total 
serum protein observed in /ly/ioproteinemia does 
not obtain in /ly/'erproteinemia due to lympho- 
granuloma inguinale. 

Relation of total serum calcium to total serum 
protein in miscellaneous diseases presenting hy- 
perproteinemia. This discrepant relation is not 
peculiar to hyperproteinemia occurring in lympho- 
granuloma inguinale. In Figure 3, we illustrate 
the distribution of points obtained by plotting to- 
tal calcium against total serum protein in 20 mis- 
cellaneous cases presenting hyperproteinemia not 
due to lymphogranuloma inguinale, multiple mye- 
loma or hepatic cirrhosis. This group is composed 
chiefly of various infections. In some instances, 
no diagnosis could be established. In several in- 
stances, lymphogranuloma inguinale was suspected 
clinically, but the Frei test was negative. 

As in lymphogranuloma inguinale, the points do 
not fall along a straight line corresponding to 
Equation I but show a trend approximately paral- 
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TOTAL SERUM PROTEIN GMS. PER 100 6MS. H^O 


Fig. 2. Relation of Total Calcium to the Respective Total Protein Content of Sera in the 
Nephrotic Syndrome and in Normal Subjects, Showing a Direct Proportionality between These 
Two Constituents 

This proportionality does not hold in hyperproteineniia due to lymphogranuloma inguinale. 


lei to the “x” axis. Our results (Table I and 
Figure 3) indicate that, contrary to the implica- 
tions of Equation I, the total serum calcium does 
not rise in hyperproteinemia but is maintained at 
normal levels. (This generalization does not ap- 
ply to relative increases in serum proteins and 
other solutes occurring in extreme dehydration; 
or to conditions like multiple myeloma where there 
IS a primary disturbance in calcium metabolism.) 

Relation of total serum calcium to total serum 
protein in hepatic cirrhosis. Figure 3 also shows 
t e distribution of 42 points obtained by plotting 
total calcium against the respective total serum 
protein content in cases of hepatic cirrhosis, in 
niost instances of the Laennec type. The serum 
n umin may be considerably decreased in cirrho- 


sis of the liver, as is well known, and some cases 
also show varying degrees of hyperglobulinemia 
(Table I). 

The points representing our cases of hepatic cir- 
rhosis do not fall along the straight line corre- 
sponding to Equation I. The discrepant relation 
of the 164 observations plotted in Figure 3 indi- 
cates that Equation I is not generally valid over 
the range of variation in serum proteins, as has 
been assumed. 

Calcium-protein relation in multiple myeloma, 
hyperphosphatemia and malnutritional hypopro- 
teinemia; grounds for exclusion of these condi- 
tions. It has been known for some time (15) 
that in multiple myeloma hyperproteinemia^ and 
hypercalcemia may co-exist. Of 75 published 
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J.O 5.0 7.0 9.0 H.O 15.0 


TOTAL SERUM PROTEIN GMS. PER 100 GMS. H^Q 

Fig. 3. Total Calcium Is Plotted Against Total Protein in 164 Sera Presenting Various Changes 

IN Serum Proteins 

There is no linear relation between total calcium and total protein. 

cases of multiple myeloma in which both protein turbance in calcium metabolism. Since, as stated 
and calcium were determined (including 15 of our at the outset. Equation I applies only where there 

own), hyperproteinemia occurred in 43 of which is no primary disturbance in calcium metabolism, 

29 also presented hypercalcemia. The co-exist- we regard discussion of the conformity or lack of 
ence of hyperproteinemia and hypercalcemia in conformity of such cases to Equation I as irrele- 
multiple myeloma has been regarded as evidence vant; and feel justified in omitting our cases of 
for the validity of Equation I in hyperproteinemia. multiple myeloma, by definition, from the data 
But when total calcium is plotted against the re- subjected to analysis. 

spective total serum protein found in published The hypercalcemia observed in many cases o 

cases of multiple myeloma (Figure 4), it is evi- multiple myeloma (18) may well be due, not to 

dent that the points so obtained do not fall along hyperproteinemia (which may not be present in 
the line corresponding to Equation I. In fact, no association with the hypercalcemia), but to t e 
linear relation can be made out between total cal- complication of co-existent bone destruction y 
cium and total serum proteins. neoplastic tissue ; like the hypercalcemia found oc 

Multiple myeloma is a disease characterized by casionally with metastatic osteolytic carcinoma, m 
extensive bone destruction and should be classi- which serum proteins are normal or low (18, )• 

fied with conditions presenting a primary dis- That the majority of cases of multiple mye o 
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TABLE I 

Total protein, albumin and calcium content of 144 sera obtained from patmits mth diseases affecting the serum pro- 
teins; and of 20 normal sera 


Total 

protdn 

Albumin 

Total 

calcium 

Total 

protein 

Albumin 

Total 

calcium 

grams per 

crams Per 

mgm. Per 

grams per 

grams per 

mgm. per 

iOOce. 

100 cc. 

100 ee. 

100 cc. 

too cc. 

100 cc. 

scrum 

scrum 

serum 

serum 

serum 

serum 

LYMPHOGILVNULOMA INGUINALE 

HYPERPROTEINEMU OF MISCELLANEOUS 

ORIGIN — Cont. 

11.4 

2.6 

8.5 

8.9 

4.2 

9.7 

ll.I 

3.3 

9.6 

8.8 

3.6 

9.7 

10.7 

2.9 

9.2 

8.8 

3.5 

9.6 

10.3 

3.1 

10.6 

8.8 

3.0 

9.1 

10.1 

3.5 

10.3 

8.7 

4.6 

10.8 

10.1 

3.3 

9.1 

8.7 

4.0 

10.5 

9.6 

3.6 

9.5 

8.5 

4.0 

10.0 

9.S 

3.4 

10.7 

8.5 

4.0 

9.9 

9.5 

3.1 

10.6 

8.3 

3.8 

9.2 

9.4 

3.6 

10.0 

8.2 

4.6 

10.4 

9.4 

3.4 

10.7 

8.2 

3.3 

9.5 

9.3 

3.3 

10.2 

8.0 

4.6 

9.8 

9,1 

4.0 

10.2 

8.0 

4.4 

11.1 

9.1 

3.5 

10.8 

8.0 

4.3 

11.0 

9.1 

3.1 

9.4 

8.0 

4.3 

9.9 

9.0 

3.8 

9.9 

7.9 

3.9 

10.8 

9.0 

3.6 

10.5 




9.0 

8.8 

3.5 

3.8 

9.3 

10.7 

CIRRHOSIS OF THE LIVER 

8.8 

3.2 

10.8 



9.0 

8.7 

3.5 

10.2 

9.5 

2.2 

8.7 

3.4 

9.3 

8.7 

2.4 

8.8 

8.7 

3.0 

9.3 

8.6 

4.1 

9.7 

8.6 

4.0 

11.3 

8.4 

2.4 

9.2 

8.6 

3.6 

10.1 

8.2 

3.0 

10.5 

8.S 

3.8 

10.4 

8.2 

2.2 

8.7 

8.5 

3.7 

10.2 

8.2 

2.0 

8.4 

8.5 

3.5 

9.6 

8.1 

3,8 

10.2 

8.4 

4.2 

10.8 

8.1 

1.9 

7.5 

8.4 

4.0 

10,6 

8.0 

2.9 

8.6 

8.4 

3.9 

9.8 

1 7.9 

2.4 

8.8 

8.4 

3.2 

10.9 

7.9 

2.1 

8.7 

8.4 

2.3 

8.9 

7.7 

3.1 

9.7 

8.3 

4.1 

10.7 

7.6 

3.2 

9.8 

8.2 

3.8 

10.3 

! 7.4 

4.1 

9.9 

8.1 

3.9 

10.3 

7.4 

2.1 

8.8 

8.1 

3.3 

9.4 

7.4 

1.8 

9.2 

8.0 

3.6 

10.6 

7.3 

4.2 

9.7 

7.9 

4.3 

10.3 

7.3 

2.4 

8.7 

7.9 

4.2 

9.8 

7.2 

4.5 

10.5 

7.9 

4.1 

10.5 

7.2 

2.2 

9.3 

7.9 

3.7 

9,8 

7.2 

1.7 

8.6 

7.8 

4.7 

10.8 

7.1 

1.7 

9.6 

7.8 

4.7 

9.6 

6.9 

2.4 

8.7 

7.8 

3.9 

9.8 

6.8 

4.2 

10.0 

7.7 

3.8 

10.1 

6.6 

1.8 

8.4 

7.6 

4.3 

10.4 

6.5 

2.1 

8.0 

7.5 

3.3 

10.3 

6,4 

2.9 

8.3 

7.4 

2.9 

9.1 

6.3 

3.5 

9.4 

7.3 

3.1 

10.6 

6.3 

5 3 

3.4 

2 2 

9.0 

8.5 

HYFeRproxeineMIA of miscellaneous origin 

6.1 

6.1 

3.2 

1.8 

8.7 

8.9 

12.1 

10.3 

9.6 

9.5 

9.4 

9.1 

9.0 

8.9 



6.0 

2.0 

8.5 

2.9 

10.4 

6.0 

1.6 

7.3 

4.3 

9.9 

5.9 

2.7 

8.4 

3.7 

9.8 

5.8 

1.8 

8.9 

3.2 

9.2 

5.7 

3.7 

8.6 

4.6 

10.6 

5.7 

1.7 

7.7 

4.2 

3.4 

9.7 

11.2 

5.4 

5.3 

1.9 

2.3 

8.1 

9.0 

4.5 

4.3 

10.5 

9,9 

5.0 

1.5 

8.5 
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TABLE I — Coitlinucd 


Total 

protein 

Albumin 

Total 

calcium 

Total 

protein 

Albumin 

Total 

calcium 

grams per 

grams per 

1 

mgm. Per 

grams per 

grams per 

mgm. Per 

100 cc. 

too cc. 

100 cc. 

100 ce. 

100 cc. 

100 cc. 

scrum 

scrum 

serum | 

scrum 

serum 

serum 

“nE,U.ED" NEPHROSIS 

NEPHROTIC SYNDROME — Conlhtued 

7.1 

4.6 


3.3 

1.5 

8.0 

6.7 

4.4 


3.2 

1.3 

8.1 

6.5 

4.6 


3.2 

1.1 

7,1 

6.3 

3.9 

10.4 







NORM/\L SUBJECTS 


NEPHROTIC SYNDROME 







7.6 

4.9 

10.9 

5.8 

3.2 

9.8 

7.6 

4.4 

11.0 

5.2 

3.0 

9.4 

7.6 

3.8 

10.2 

5.1 

2.3 

8.4 

7.5 

5,1 

10.5 

5.0 

2.8 

8.8 

7.4 

5.0 

10.2 

5.0 

1.8 

8.4 

7.4 

4.5 

10.6 

4.8 

2.5 

8,6 

7.3 

5.1 

11.0 

4.7 

2.5 

9.5 ' 

7.3 

4.9 

9.9 

4.7 

2.1 

8.4 

7.3 

4.8 

11.0 

4.5 

3.4 

8.2 

7.3 

4.8 

10,5 

4.5 

2.4 

9.5 

7.2 

5,0 

11.3 

4.3 

2.0 

8,6 

7.2 

4.9 

10.8 

4.3 

2.0 

8.1 

7.2 

4.8 

10.7 

4,1 

2.2 

8.1 

7.1 

5.2 

10.1 

3.8 

1,9 

8.2 

7.0 

4.7 

10.5 

3.8 

1.8 

8.5 

6.9 

4.6 

10,5 

3.8 

1.7 

7.9 

6.7 

4.6 

10.9 

3.8 

1.5 

8.2 

6.6 

4.5 

9.3 

3.8 

1.3 

7,5 

6.5 

4.0 

9.9 

3.3 

2.0 

8,9 

6.3 

4.5 

10.0 

3.3 

1.6 

8.0 





presenting hyperproteinemia also exhibit hyper- 
calcemia may mean only that myelomatosis severe 
enough to cause hyperproteinemia is likely to be 
extensive enough to produce widespread skeletal 
damage, resulting in hypercalcemia. An absolute 
increase in protein-bound calcium demonstrated 
by ultrafiltration in some cases of multiple mye- 
loma occurs, apparently, only in cases presenting 
hypercalcemia, and then irrespective of whether 
or not the serum protein content is increased (6). 
We have suggested elsewhere (6) that this in- 
crease in protein-bound calcium is a result, not 
the cause of the hypercalcemia ; a result of the in- 
flux of Ca.^* caused by bone destruction, with re- 
establishment of equilibrium between these two 
fractions at higher levels of both ionized and 
protein-bound calcium. Moreover, it seems likely 
that, for reasons stated later, most of the increased 
protein-bound calcium in multiple myeloma pre- 
senting both hyperproteinemia and hypercalcemia 
is calcium bound by albumin; and little calcium is 


bound by the euglobulin increment usually re- 
sponsible for the hyperproteinemia. 

Cases of hyperphosphatemia are excluded be- 
cause hyperphosphatemia, as is well known, de- 
presses the total calcium content of the blood by 
mechanisms not directly dependent upon the se- 
rum proteins. The presence of hyperphosphate- 
mia lowers the Ca^^ concentration and disturbs 
the equilibrium between Ca'^'*’ and protein-bound 
calcium, apparently in part, at least, through the 
formation of non-diflFusible (colloidal) calcium 
phosphate complexes. Peters and Eiserson (4) 
have suggested an empirical equation relating 
calcium to total protein and inorganic phosphorus. 
We have not attempted to formulate such a more 
general equation from our data, however, but 
have included in Table I only sera containing 
to 5.0 mgm. inorganic phosphorus per 100 cc. 
serum. 

In our cases of malnutritional hypoprotemeraia, 
points obtained by plotting total calcium agams 
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Fig. 4. Reiatiou of Total Calcium to the Respective Total Pbotein Content in 75 Observations on Mul- 
tiple Myeloma, as Reported in the Literature 


the respective total protein content fall con- 
Mstently below the straight line corresponding to 
Equation I, the divergency tending to be more 
^rked where the total protein content is very 
ow- Decreased may account for this dis- 
crepancy. ^ It is known that, associated with hypo- 
proteinemia due to malnutrition, not only the pro- 
^ein- ound but also the Ca^ concentration may 
3 ^to such low levels that symptoms of tetany 
appear.^ In a broad sense, this condition con- 
j. ' ^ primary disturbance in calcium metabo- 

in that the intake or absorption of calcium is 


abnormal. At any rate, the concentration of Ca,** 
cannot be assumed to be within normal limits in 
malnutritional hypoproteinemia, and we have ex- 
cluded our cases from the data subjected to analy- 
sis. 

Cases with a primary disturbance in calcium 
metabolism, with hyperphosphatemia and with 
malnutritional hypoproteinemia are excluded, 
then, on the common ground that in these condi- 
tions, the concentration of Ca^ does not remain 
within normal limits. It is essential that the Ca^ 
concentration remain relatively constant because 
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in this, as in previous empirical attempts to obtain 
a quantitative expression of the relation of serum 
calcium to scrum proteins, the effect of varying 
serum proteins on the total calcium content of the 
serum was considered. Since only part of the to- 
tal serum calcium is bound to protein, this ap- 
proach is possible only under conditions in which 
that fraction of the total calcium which is not 
bound to protein (chiefly Ca^*) remains constant. 
Expressed in terms of Equation I, b must remain 
fixed. 

This condition is approximated in normal and 
nephrotic sera, which have been shown by various 
investigators to maintain a reasonably constant 
diffusible calcium content at a mean level of about 
5.8 ±: 0.2 mgm. calcium. This condition obtains 
also in hyperproteinemia due to lymphogranuloma 
inguinale (6) and in other diseases included in 
our series of cases (34). 

In primary disturbances in calcium metabolism, 
in hyperphosphatemia and in severe malnutrition, 
however, gross fluctuations in the concentration 
of Ca'^* occur, for reasons already stated. Such 
fluctuations in the concentration of Ca** affect not 
only the level of ionized calcium but also the 
amount of calcium bound to protein; since these 
two fractions tend to maintain an equilibrium at 
levels which are predictable, as McLean and 
Hastings (5) have shown, from mass law con- 
siderations. Expressed in terms of Equation I, 
m being a function of b (see derivation from the 
mass law) , m assumes different values as b varies, 
and m is fixed only so long as b is fixed. Empiri- 
cal constants for the calcium-binding properties 
of the serum proteins can be expected to apply, 
therefore, only under conditions in which the con- 
centration of Ca+^ is the same, i.e., within normal 
limits. 

We have not attempted to estimate protein- 
bound calcium more directly by ultrafiltration 
(except in a few instances) or by the McLean and 
Hastings’ (16) frog-heart method for direct esti- 
mation of Ca'*"^. An attempt was made to calcu- 
late CaProt. and Ca"-^ from the total calcium and 
total protein (5) or albumin and globulin content 
(17) of the serum. But this approach was aban- 
doned when it was found that in sera with marked 
hyperglobulinemia due to lymphogranuloma in- 
guinale, calculated values for Ca^* were consid- 
erably lower than the diffusible calcium (6). In 


extreme cases, the calculated Ca++ concentration 
was so low as to be within the range of tetany, of 
which our cases show no signs clinically. As sug- 
gested elsewhere (14), constants for B globulin 
and pKcaProt. derived from normal serum globulin 
may not be applicable to globulins occurring in 
marked hyperglobulinemia. 

DISCUSSION 

Our results are in accord with the view that a 
direct linear proportionality between total serum 
calcium and total serum protein, expressed by 
Equation I, exists in nephrotic and normal sera, 
from which Equation I was originally derived. 
When applied to Ay/^^rproteinemia, however. 
Equation I leads to gross discrepancies between 
calculated and observed calcium values (Figures 
2 and 3) ; because such application involves extra- 
polation on the assumption, apparently incorrect, 
that the straight line relation found in hypopro- 
teinemia holds at elevated serum protein levels. 

In Equation I, the common factor m is used to 
express the amount of calcium bound per gram of 
total serum proteins, although the serum proteins 
are known to be composed of several more or less 
discrete protein fractions. A common factor may 
be so employed if the ratio of the respective serum 
protein fractions to each other remains fixed in 
diseases affecting the total protein level of the 
serum ; or, should these ratios vary, if the amount 
of calcium bound per gram of the several senun 
proteins is approximately the same. 

It is now well established that the ratio albu- 
min: total globulin does not remain constant as 
the total serum protein content rises above or 
falls below normal limits. Hy/Joproteinemia, as is 
well known, is due wholly or in large part to de- 
creased serum albumin; whereas Ay/ierproteinemia 
appears to be due invariably to increased serum 
globulins (6, 14, 20). Moreover, the several 
globulins present in serum (as defined by frac- 
tional salting out with sodium sulfate) are them- 
selves disproportionately affected when the total 
globulin content rises. The euglobulin fraction, 
as defined by Howe’s method, almost invariably 
constitutes most of the globulin increment; often 
in association with a more or less significant rise 
in the pseudoglobulin I fraction, as defined^ by 
Howe’s method. The pseudoglobulin II fraction, 
however, so far as we could determine (14, 3' )> 
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appears to remain within the limits observed in 
normal serum, despite marked elevations in total 
globulin content. Thus, while the euglobulin frac- 
tion, as defined by Howe’s method, often com- 
prises 20 per cent or less of the total globulin 
in normal serum, it may compose SO per cent or 
more of the total globulin in hyperglobulinemia ; 
whereas the pseudoglobulin II fraction, as defined 
by Howe’s method, makes up a third or more of 
most normal serum globulins, but falls to as low 
as 15 per cent or less of the total serum globulins 
in marked hyperglobulinemia. 

As to the amount of calcium bound specifically 
to the several serum protein fractions, nothing 
definite is known because the results obtained by 
different methods are conflicting. The prevailing 
impression, derived chiefly from observations 
made in various clinical conditions, appears to be 
in accord with the view expressed by Schmidt and 
Greenberg (11) that protein-bound calcium is 
“very largely united to albumin.” Similar con- 
clusions were reached by Csapo and Faubl (21), 
who found less calcium carried down by the 
globulin fraction precipitated by half-saturated 
ammonium sulfate than that carried down with 
the albumin fraction. The results of ultrafiltra- 
tion experiments with graded membranes have 
been interpreted (22, 23), in fact, as indicating 
that all protein-bound calcium is bound solely to 
albumin. On the other hand, dialysis experiments 
carried out with normal serum globulin by Loeb 
(24) clearly indicate that normal serum globulin 
binds calcium. That normal serum globulin binds 
a significant amount of calcium was confirmed, 
among others, by McLean and Hastings (5), who 
give the following distribution of calcium frac- 
tions as typical where the total protein content is 
7.0 per cent and the A/G ratio is 1.8 : 

Mgm, per 
too grams 
serum HiO 


Ca bound to giobufin .V.',' ‘ ! Lgd (or 0.744 mgm. Ca per 
Ca , >, . S'l'ani ot globulin) 

oound to albumin » 3.22 (or 0.716 mgm. Ca per 

Ca unaccounted for > 1.35 

tenik't^T” Hastings point out that serum albumin 
ficatio ° calcium-binding capacity during puri- 

as min'* figure for albumin should be regarded 

Una and that for Ca unaccounted for as maximal. 


As will be apparent subsequently, these conflicting 
results are not mutually exclusive but may well be 
due, in part, to the heterogeneous and varying 
composition of the total serum globulin fraction 
in normal serum and in hyperglobulinemia. 

So far as our own results are concerned, if the 
several serum protein fractions bound approxi- 
mately the same amount of calcium per gram. 
Equation I should give satisfactory agreement be- 
tween observed and calculated calcium values over 
the range of variation in serum proteins ; whereas 
gross discrepancies occur (Figures 2 and 3), 
Examination of Figure 3 reveals that the dis- 
crepant points are not erratically distributed but, 
with few exceptions, lie below the straight line 
corresponding to Equation I; i.e., the discordant 
sera consistently contain less calcium than that 
calculated from their total protein content by 
Equation 1. It is further apparent (Table I, 
Figures 2 and 3) that the discrepant sera are, 
with few exceptions, those with increased globu- 
lin content, irrespective of etiology; i.e., the ob- 
served calcium content of most sera with marked 
hyperglobulinemia is significantly lower than that 
calculated from their total protein content. This 
generalization appears to hold whether the in- 
crease in serum globulins results in hyperpro- 
teinemia (as in lymphogranuloma inguinale) or 
whether (as in some cases of hepatic cirrhosis) 
the total protein remains within normal limits be- 
cause of very low albumin levels. The serum 
globulin content was within normal limits in our 
cases with the nephrotic syndrome, in which agree- 
ment with Equation I was satisfactory. 

That the observed calcium in hyperglobulinemia 
was lower than predicted was not due to hyper- 
phosphatemia, which was not present in these 
sera ; nor to a decrease in the Ca'^* fraction, which 
was shown to be within normal limits by ultra- 
filtration (6) and by the absence of clinical signs 
of tetany. The discrepancy results because, in 
hyperglobulinemia, the amount of calcium bound 
to protein is consistently less than that predicted 
by Equation I from the total protein content. We 
infer that the total globulin fraction in hyper- 
globulinemia binds less calcium than indicated by 
the several constants proposed in Equation I for 
m ( 6 ). 

In Figure 5, we have plotted total calcium 
against the respective total globulin content of 
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our sera. If the protein-bound calcium content of 
these sera depended chiefly upon their globulin 
content, the points would fall along a line having 
a definite slope. We find, on the contrary, that 
the points fall in a direction approximately paral- 
lel to the “ X ” axis — the correlation between to- 
tal calcium and total globulin appears to be 
almost zero. Apart from some low values due 
to decreased serum albumin content, the total cal- 
cium remains within normal limits, irrespective 
of the total globulin level. The graph suggests 
that the amount of calcium bound to globulin is 
either insignificant or small and constant through- 
out. Figure 5 is not wholly satisfactory, however, 
because though three variables are involved, only 
t4vo can be plotted; and more precise statistical 
analysis necessitates some modification of this 
initial impression. 

In Figure 6, we have plotted total calcium 
against the respective albumin content of our sera. 


The points show a definite trend with a sharp 
slope. The graph indicates that most of the pro- 
tein-bound calcium is bound to albumin. That not 
all the protein-bound calcium is bound to alb umin , 
however, is suggested by the following two ob- 
servations. 

1. It is apparent upon inspection of Figure 6 
that the intercept on the “y” (Ca) axis of the 
trend shown by these points is significantly higher 
than 5.8 (the mean of observed values for dif- 
fusible calcium or Ca**) ; i.e., a small, constant 
calcium fraction is bound to protein but not to 
albumin. Since there appears to be no constant, 
systematic error in determining either calcium or 
albumin, and since evidence for a diffusible, non- 
ionized calcium fraction in significant amount is 
lacking, we infer that this small, constant calcium 
fraction is bound to globulin. The amount so 
bound was estimated more accurately by deriving 
a linear equation from our normal and nephrotic 
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sera by the method of least squares. Calcium is 
expressed in milligrams, albumin in grams per 100 
grams serum water in the equation so obtained ; 

Total Ca — 0.83 albumin -}- 7.0. Ill 

By subtracting 5.8 from 7.0, the intercept on the 
“y" axis, we obtain 1.2 as an approximation of 
the mean amount of calcium bound by this globu- 
lin fraction, designated " globulin fraction II.” 

2. It is further apparent upon inspection of 
Figure 6 that the majority of points corresponding 
to lymphogranuloma inguinale and other condi- 
tions with marked hyperglobulinemia fall above 
the general linear trend. Statistical analysis re- 
veals that this deviation becomes appreciable when 
the total globulin content exceeds approximately 
4.0 per cent ; and that the deviation is roughly pro- 
portional to the degree of hyperglobulinemia. We 
infer that, in hyperglobulinemia, a small but in- 
creasingly significant amount of calcium is bound 
to the globulin increment responsible for the hy- 
perglobulinemia. This globulin, which we shall 
refer to as “ globulin fraction I,” is presumably 
chiefly euglobulin, partly pseudoglobulin I, as de- 
fined by Howe’s method. Our calculations indi- 
cate that this fraction binds approximately 0.1 to 
0.2 mgm. calcium per gram of globulin. 

To sum up then, analysis of our data suggests 
that the total serum calcium is composed of at 
least four distinct fractions: 1, Calcium bound to 
and proportional to the albumin fraction; 2, cal- 
cium bound to a globulin fraction which remains 
relatively constant in amount irrespective of the 
total globulin level; 3, calcium bound in small 
amount to another globulin fraction, increasing 
with the total globulin level and becoming signifi- 
cant in marked hyperglobulinemia ; 4, calcium not 
bound to protein, relatively constant because gross 
fluctuations are excluded by definition. These 
fractions are represented in the following general 
regression equation (12) : 

Total Ca — • albumin -}- “ globulin 

fraction II ” W3 • ” globulin 

fraction I ” -f- IV 

Statistical analysis of our own and published data 
suggests that these constants have the following 
limiting values : Where h — 5.8 ±: 0.2 mgm. Ca 
per 100 grams of serum HoO, is of the order 
0.7 to 0.9 mgm. Ca per gram of albumin; the 
product globulin fraction II” is a constant 


of the order 1.0 ±: 0,5 mgm, Ca per 100 grams of 
seium HjO ; ujg is of the order 0.1 to 0.2 mgm. 
Ca per gram ” globulin fraction I ” where “globu- 
lin fraction I ” is defined arbitrarily as all globulin 
in excess of 3.0 grams of total globulin. 

Values calculated for total calcium by Equation 
IV, using constants within the limits specified, 
approximate observed total calcium more closely 
over the range of variation in serum proteins, than 
do values calculated by Equation I. This is illus- 
trated in Figure 7 where we have plotted mean 
ratios, calculated total serum calcium : observed to- 
tal serum calcium, against the total protein con- 
tent.^ So plotted, a generally valid equation for 
calculating total calcium will yield points which 
fall along a straight line at or near 1.00, with zero 
slope. Equation IV appears to satisfy these cri- 
teria. Equation I, on the other hand, yields points 
diverging progressively upward with increasing 
total protein (globulin) content. 

Figure 7 also illustrates the results obtained 
with two other general regression equations sub- 
jected to statistical analysis (12). In the first of 
these, the term “in ‘total protein” in Equation I 
is expanded to allow for different calcium-binding 
properties of the albumin and total globulin frac- 
tions : 

Total Ca = nq 'albumin -f- nq* total 

globulin -\-b. V 

In the other, all protein-bound calcium is assumed 
to be bound to albumin, as suggested by Bendien 
and Snapper (22) ; 

T otal Ca = m ■ albumin -\-b. VI 

Both these formulae, like Equation IV, give 
predicted total calcium values for nephrotic and 
normal sera quite as satisfactory as those obtained 
with Equation I (12). And both formulae, like 
Equation IV, may be derived from general mass 

3 The ratio, total calcium calculated : total calcium ob- 
served, was first calculated for each serum, using Equa- 
tion IV with the constants indicated in the legend of Fig- 
ure 7. Then the sera were grouped accordinig to tota 
protein content, expressed in grams per 100 .grams o 
serum H.0 : 3.1 to 6.0 grams, 28 observations ; 6.1 to . 
grams, SO observations (20 normal sera, 30 pathologi- 
cal) ; 8.1 to 10.0 grams, 68 observations; 10.1 or more 
grams, 18 observations. The mean ratio for the sera in 
each group was then calculated. The process was re 
peated for Equations I, V and VI, using the respective 
constants indicated in the legend of Figure 7. 
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Fig. 7 

The mean ratio, calculated total calcium: observed total calcium, is approximately 1.00 throughout the range of 
variation in serum proteins when Equation IV is used. Equation I gives increasingly divergent results m yper- 
globulinemia. Equation V has a positive slope, Equation VI has a negative slope. 


law equations by methods analogous to those used 
in the derivation of Equation I (see page 903). 
But as shown in Figure 7, neither Equation V nor 
Equation VI gives as satisfactory agreement be- 
ttveen calculated and observed total calcium in 
both low and high protein sera as does Equation 
IV. The points corresponding to Equation V 
have a definite positive slope because of discrep- 
ancies arising from the heterogeneous composition 
of the total globulin fraction, as suggested else- 
where (6, 12). The points corresponding to 
Equation VI have a definite negative slope, pre- 
sumably because the globulin fraction does bind 
some calcium.* 


■‘Of course, the position and slope of the lines cor- 
responding to these equations depend, in part, upon the 
®"iployed. For Equation I, means of the pub- 
^ e values for in and b were used as most representa- 
th\ °c ^ ^rid VI, we used constants giving 

e est fit, as determined by the method of least squares, 
esu ts obtained by trial of other constants in Equations 


“ Globulin fraction II,” which is relatively con- 
stant in amount in all sera irrespective of total 
globulin content, resembles in this respect the 
pseudoglobulin II fraction, as determined by 
Howe’s method. Further, the amount of “ globu- 
lin fraction II ” present in serum approximates 
that of pseudoglobulin II, as we could find no 
evidence of decreased “ globulin fraction II in 
sera containing as little as 1.5 grams total globulin. 
Since the product in, •“ globulin fraction H” is 
approximately 1.0 ± 0.5 mgm. Ca, this implies 

I, V and VI (12) show that the slopes change in degree 
but not in direction. 

The dispersion obtained with Equation IV using the 
constants indicated in Figure 7 is shown elsewhere by 
means of a scatter diagram (12). The standard error 
of estimate is 0.575 mgm. Ca. Sixty-five per cent of the 
ratios are within ± 5 per cent of 1.00; in 20 instance the 
ratio exceeded l.OS, of which 5 exceeded 1.10; m 32 in- 
stances the ratio was less than 0.95, of which 7 were less 
than 0.90. 
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that “ globulin fraction II ” binds more calcium 
per gram than does albumin. 

In connection with “ globulin fraction I,” globu- 
lins with isoelectric zones at pH approaching that 
of serum have been isolated repeatedly from the 
sera of immunized animals (25, 26, 27, 28). Evi- 
dence for the existence of such a globulin in hy- 
perglobulinemia due to kala-azar has been offered 
by Chopra and Chaudhury (29). We have called 
attention elsewhere (14) to certain discrepancies 
in the acid-base equivalence of the blood in hyper- 
globulinemia (of which the discrepancies in cal- 
cium here described are a special case) as indi- 
cating the existence of such a globulin fraction. 

The inference that the total globulin in normal 
and pathological sera is composed of varying mix- 
tures of two or more globulin fractions which 
bind different amounts of calcium may explain a 
discrepancy already referred to : the apparent con- 
flict between the view that the protein-bound cal- 
cium in serum depends chiefly upon the serum 
albumin content and the repeatedly demonstrated 
binding of considerable amounts of calcium by 
normal serum globulin. In hyperglobulinemia, 
the total globulin fraction appears to be composed 
largely of a globulin which binds little calcium 
(“ globulin fraction I ”) ; whereas a large pro- 
portion of normal serum globulin consists of a 
globulin (“ globulin fraction II ”) which binds 
appreciable amounts of calcium. . 

SUMMARY 

1. The relation of total serum calcium to total 
serum protein and to the several protein fractions 
was studied by graphic and statistical analysis of 
164 observations on 128 cases. The total protein 
content of these sera, expressed in grams per 100 
grams of serum HgO, was : 3.1 to 6.0 grams, 28 
observations; 6.1 to 8.0 grams, 50 observations 
(20 normal, 30 pathological sera) ; 8.1 to 10.0 
grams, 68 observations; 10.1 or more grams, 18 
observations. Cases with a primary disturbance 
in calcium metabolism (including multiple mye- 
loma), with hyperphosphatemia or with malnutri- 
tional hypoproteinemia were excluded. 

2. It was found that while total calcium is di- 
rectly proportional to total protein in nephrotic 
and normal sera, no such relation obtains in hy- 
perproteinemia. Apart from some cases of multi- 
ple myeloma, where bone destruction is the prob- 


able cause of hypercalcemia, the total serum cal- 
cium does not rise in hyperproteinemia but is 
maintained at normal levels. Equations relating 
total calcium to total serum protein do not hold 
when hyperglobulinemia is present. This discrep- 
ancy results, apparently, because the globulin in- 
crement in hyperglobulinemia binds very little 
calcium, 

3. Analysis of our data suggests that the total 
serum calcium is composed of at least four frac- 
tions: 1, Calcium bound to and proportional to 
albumin; 2, calcium bound to a globulin fraction 
which remains relatively constant in amount ir- 
respective of the total globulin level; 3, calcium 
bound in small amount to another globulin frac- 
tion, increasing with the total globulin level but 
becoming significant only in marked hyperglobu- 
linemia; 4, calcium not bound to protein, rela- 
tively constant because cases with gross fluctua- 
tions are excluded by definition, (Calcium not 
bound to protein is itself subdivided into an 
ionized and a small non-ionized fraction.) 

4. A regression equation relating total calcium 
to albumin and two arbitrary globulin fractions is 
presented in the following general form : 

Total Ca = m^ • albumin -f- nu • “ globulin 

fraction II " -{- globulin fraction I ” 4- 

The several constants in this equation appear to 
have the following limiting values: Where b = 
5.8 ±: 0.2 mgm. Ca per 100 grams serum HoO, 
m. is of the order 0.7 to 0.9 mgm. Ca per gram of 
albumin; the product uu •“ globulin fraction U 
is a constant of the order 1.0 ±: 0.5 mgm. Ca per 
100 grams of serum HoO ; m^ is of the order 0.1 
to 0.2 mgm. Ca per gram “ globulin fraction I, 
where “ globulin fraction I ” is arbitrarily defined 
as all globulin in excess of 3.0 grams of total 
globulin. 

5. This equation appears to be more generally 
valid over the range of variation in serum pro- 
teins (within the limitations prescribed) than a,re 
equations relating total calcium to total protein, 
to albumin and total globulin, or to albumin alone. 
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It has long been known that the globulin frac- 
tion of normal human serum contains more than 
one variety of protein. The separation of this 
fraction into euglobuiin and pseudoglobulin and 
the further fractionation of pseudoglobulin into 
pseudoglobulin I and pseudoglobulin II (1) upon 
the basis of solubility in strong salt solutions con- 
firms this. However, such fractions are still mix- 
tures and can be further divided into subfractions 
having different chemical and physical properties 
by dialysis (2) or by partial precipitation with 
salts (3), 

The existence in the globulin fraction of serum 
of at least two proteins which are antigenically 
different has been demonstrated by anaphylaxis. 
Animals sensitized by the injection of the euglob- 
uiin or pseudoglobulin fractions are thrown into 
anaphylactic shock more easily by subsequent in- 
jections of the homologous rather than the heter- 
ologous fraction (4). Animals immunized with 
either of the two globulin fractions produce pre- 
cipitins that react with both fractions. However, 
quantitative differences in the reactions indicate 
the presence of hvo antigens in different propor- 
tions in the two fractions and of two correspond- 
ing kinds of antibody in the antisera (5). 

These observations suggested that if part of 
t e antibody contained in an antiglobulin serum 
cou d be absorbed out leaving antibodies to but 
One of the globulins, such a serum would be a use- 
u guide for the isolation and identification of 
^ t globulin. The development of the precipitin 
^^ction as a quantitative method for the estima- 
sib^ ^otigen (6) or hapten (7) makes it pos- 
0 Use such antisera for the determination of 
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the actual amount of the varieties of globulin pres- 
ent in human serum or in any of the fractions de- 
rived from it. 

I. Preparation of globulin fractions 

Two hundred and ten ml. of human serum, 
from a patient with hypertension, was separated 
into euglobuiin, pseudoglobulin, and albumin frac- 
tions by precipitation at one-third and one-half 
saturation with ammonium sulfate. The euglobu- 
iin fraction was reprecipitated five times by the 
slow addition of 25 ml. of saturated ammonium 
sulfate solution to the protein dissolved in 50 ml, 
of water. The pseudoglobulin was also reprecipi- 
tated five times by the addition of 50 ml. of the 
ammonium sulfate solution to 50 ml. of protein 
solution. 

The euglobuiin and pseudoglobulin fractions 
were freed from sulfate by dialysis against 0.9 per 
cent sodium chloride solution. Part of the solu- 
tions were then fractionated into water soluble 
and water insoluble fractions by dialysis, first 
against running tap water and then against dis- 
tilled water in the ice box. 

The water insoluble fractions were dissolved in 
0.9 per cent saline. One per cent by volume of a 
1 per cent solution of merthiolate ^ was added to 
each of the fractions, and they were sterilized by 
filtration through L2 Chamberland filters. Each 
solution was analyzed by the micro-Kjeldahl tech- 
nic for total nitrogen and for nonprotein nitrogen. 

Five more samples of human serum, four from 
different patients with hypertension, and one, L2, 
a mixture of sera from five normal persons were 
separated into the water soluble and water in- 

- Manufactured by Eli Lilly & Co., Indianapolis, Ind. 
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soluble euglobulin and pseudoglobulin fractions by 
the method described above. 

Preparation of antisera 

Alum-precipitated suspensions (8) were pre- 
pared by adding 5 ml. of a sterile, 5 per cent solu- 
tion of crystalline potassium aluminium sulfate 
to a solution containing 100 mgm, of globulin and 
then adding 0.4 ml. of 10 per cent NaOH, a 
quantity sufficient to neutralize the alum solution 
used. The suspension was diluted to 100 ml. with 
sterile saline. Rabbits received a course of four 
intravenous injections a week of this suspension, 
beginning with % ml. injections the first week, 1 
ml. the second and 2 ml. thereafter. After the 
fourth week, bleedings of from 40 to 50 ml. were 
made from either the heart or the ear artery, 
without sacrificing the animal, and after a rest for 
a week the course of injections was continued. 
Additional bleedings were then made at intervals 
of from three to four weeks. After separation of 
the sera, one per cent by volume of a one per cent 
solution of merthiolate was added as a preserva- 
tive, and the sera were sterilized by filtration and 
stored in the ice box. 

Reaction of the globulin fractions ivith rabbit 
antiglobiclin serum Number 389 

A preliminary experiment was made with anti- 
globulin serum Number 389, prepared by im- 
munizing a rabbit with the water insoluble eu- 
globulin fraction of normal human serum. 

Solutions in 0.9 per cent saline of each of the 
globulin fractions containing about 0.04 mgm. of 
globulin nitrogen per ml. were prepared. One, 
two and three ml. samples of each were measured 
out into 8 ml. Wassermann tubes, the total volume 
made up to 3 ml. in each case with saline and 1 ml. 
of antiserum added. After thorough mixing of 
the contents, the tubes were sealed with " no-air ” 
rubber stoppers, allowed to stand for two hours in 
an incubator at 37° C., and placed in the ice box 
overnight. The following morning the tubes were 
centrifuged for 30 minutes at 2000 r.p.m. in a 
refrigerated centrifuge at 2 to 4° C. The dear 
supernatant fluids were carefully poured off and 
saved for testing. The compact precipitates were 
resuspended in 1.5 ml. of ice cold saline and re- 
centrifuged, The supernatant saline solutions 
were discarded and the precipitates were again 


washed with 1.5 ml. of saline. Finally, the pre- 
cipitates were suspended in saline, dissolved by 
the addition of a few drops of n sodium hydrox- 
ide, transferred to 100 ml. micro-Kjeldahl flasks, 
and analyzed for nitrogen by the micro-Kjeldahl 
method. 

The results of the analysis are shown in graphic 
form in Figure 1, where the nitrogen found in the 
precipitate is plotted against the globulin nitrogen 
added. Smooth curves of the type shown by Hei- 
delberger and Kendall (6) to be characteristic of 
the precipitin reaction are drawn through the 
points for the whole euglobulin fraction and for 
the two pseudoglobulin fractions. The values 
found for the two euglobulin subfractions are in- 
dicated by circles. A given quantity of the whole 
euglobulin precipitated more nitrogen from the 
antiserum than did the same amount of any of the 
other fractions. Or, expressed in a different way, 
it required less of the whole euglobulin than of the 
other fractions to precipitate a given amount of 
nitrogen. It will be seen from the figure that 
while it required only 0.042 mgm. of nitrogen in 
the whole euglobulin to predpitate 0.40 mgm, of 
nitrogen from the antiserum, it required 0.066 
mgm. of the water insoluble pseudoglobulin nitro- 
gen and 0.120 mgm. of water soluble pseudoglobu- 
lin nitrogen to precipitate the same amount. This 
would indicate that these two fractions contained 
but 65 per cent and 35 per cent as much protein 
that reacted with the antiserum as did the whole 
euglobulin fraction. In spite of the fact that the 
water insoluble euglobulin fraction was used as 
antigen in the production of the antiserum the 
figure shows that it was only about 70 per cent as 
efficient as the whole euglobulin in reacting witi 
the antiserum. These figures do not represent t e 
quantity of any definite antigen in the fractions 
but refer to the rather vague expression protein 
that reacts with the antiserum.” The tests upon 
the supernatant fluids show that more than one 
kind of antibody is present in this antiserum. ^ u 
order to use the antiserum for the determinatmn 
of any particular antigen all of the antibo y 
other antigens must be removed. 

Tests upon the supernatant fluids 
Five-tenths ml. portions of the supernatant 
fluids from the experiment described above we 
added to 0.1 ml. samples of {a) the antiser 
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Fig, 1. Niteocen PeEapiTATED ntoii Anti-euglobulin Rabbit Serum Number 389 by Globuuk 

Fractions 

I Whole euglobulin. • Water soluble euglobulin. 

II Water insoluble pseudoglobulin. O Water insoluble euglobulin. 

Ill Water soluble pseudoglobulin. 
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Comparison of the precipitin reaction with a 
more familiar type of chemical reaction may make 
the significance of the tests upon the supernatant 
fluids more apparent. In many of its aspects, the 
reaction between a protein and its corresponding 
antibody to form a precipitate is not unlike the 
more familiar chemical reactions which result in 
the formation of precipitates. If a solution of 
silver ions is mixed with one containing chloride 
ions, silver chloride will be preripitated, and the 
supernatant fluid will contain only the component 
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TABLE I 

Nitrogen precipitated from rabbit antiserum Number 3S9 by 
globulin fractions 


Fractioa 
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nitro- 

gen 
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iu 
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0.282 

+ 

-P+-P 
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which had been added in excess. The addition of 
more silver ions will give a precipitate only if an 
excess of chloride ions is present, and additional 
chloride ions will cause precipitation only when 
there is an excess of silver ions. Both tests will 
not be positive at the same time. However, if the 
solutions, instead of containing a single pair of 
reacting ions, are mixtures containing more than 
one system, different results may be obtained. 
Thus, if a solution containing a mixture of silver 
and barium ions is added to the one containing 
both chloride and sulfate ions, the supernatant 
fluid may give a precipitate when tested with 
either of the two solutions. If the first solution 
contained 2 equivalents of silver and 3 of barium 
and the second one 3 equivalents of chloride and 
2 of sulfate, the supernatant fluid would contain 
1 equivalent each of barium and of chloride and 
would give a heavy precipitate when added to 
either the silver-barium or the chloride-sulfate 
solutions. This behavior in an inorganic system 
is evidence that it contains more than one pair of 
reacting ions. 

The reaction between antigen and antibody be- 
haves in a similar manner: the formation of a 
precipitate upon the addition of antiserum indi- 
cates the presence of an excess of' antigen, 
whereas a precipitate following the addition of 


antigen shows the presence of an excess of anti- 
body. Positive tests for both antigen and anti- 
body are not given by the same supernatant fluid 
in a system containing a single antigen and its 
homologous antibody. Positive tests for both 
constitute definite evidence that the antiserum con- 
tains more than one kind of antibody and that 
the antigen is a mixture of antigenic components. 

The results given in Table I definitely show 
that the antiserum contained more than one type 
of antibody and that all but one of the globulin 
fractions were mixtures of antigens. In many 
cases, precipitates were obtained when the super- 
natant fluids were tested with either more anti- 
serum or more of the globulin fractions. 

The tests upon the supernatant fluids of the 
series to which the water soluble euglobulin had 
been added showed an important difference be- 
tween this fraction and the others. In this series, 
if the test for excess antibody was positive, the 
test for antigen was negative. If the test for ex- 
cess antigen was positive, the test for antibody 
was negative. Since the antiserum is known to 
contain more than one kind of antibody this ob- 
servation must result from one of two conditions. 
Either this fraction contains but one antigenic 
globulin or the different globulins were present in 
such proportions that all of the different kinds of 
antibody were removed simultaneously. The sec- 
ond possibility was ruled out by tests with frac- 
tions known to be mixtures which showed that 
those supernatant fluids which failed to react with 
the water soluble euglobulin still contained an 
abundance of antibody that would react with the 
other fractions. The water soluble euglobulin re- 
acts with antiserum as if it were a single antigen. 

The antigen contained in the water soluble eu- 
globulin fraction will be referred to, throughout 
this paper, as alpha-globulin. The remainder of 
the globulin, which may contain more than one 
antigenic component, will be called globtilin-X. 

The tests upon the supernatant fluids from the 
series to which the whole euglobulin had been 
added showed that this fraction contained bot 
alpha-globulin and globtdin-X. The supernatant 
fluid from the last tube did not react with any ot 
the globulin fractions. All of the antibo^ or 
both the alpha-globulin and the globulm-X hau 
been removed. The difference between the maxi- 
mum amount of nitrogen precipitated by t is 
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lion and by the water soluble euglobulin which 
contained only alpha-globulin is a measure of the 
quantity of nitrogen precipitated by globulin-X. 
Figure 1 shows that tliis amounts to 0.07 mgm. or 
about 10 per cent of the total quantity. The tests 
upon the first tube of the whole euglobulin series 
show that the amount of euglobulin added did not 
contain enough globulhi-X both to completely pre- 
cipitate this small amount of antibody and to leave 
an excess to react with the test antiserum. The 
percentage of globulin-X in this fraction must be 
small. 

The tests upon the water insoluble euglobulin 
and the two pseudoglobulin fractions show that 
even in the first tubes enough globulin-X had 
been added to leave an excess that reacted with 
the corresponding antibodies in the test portion 
of antiserum added. The tests upon the last 
tubes of the series show that the amount of alpha- 
globulin added was insufficient to precipitate all 
of its antibody. The percentage of alpha-globulin 
in these fractions must be lower than in the whole 
euglobulin fraction. 

Since the antiserum contains a high percentage 
of antibody that reacts with alpha-globulin and 
only a small amount of antibody that reacts with 
globulin-X, the percentages of “ protein reacting 
with the antiserum ” found in the first part of this 
experiment are approximations of the alpha- 
globulin content of the fractions. 

This experiment shows that the water soluble 
euglobulin fraction reacts like a pure antigen with 
antiserum. It shows that the other fracHotis are 
mixtures containing more than one antigen and 
that the antiserum used contained more than one 
kind of antibody. 

Reaction of alpha-globtdin with antiglobtdin 
serum Number 78 

The preceding experiment showed that the wa- 
ter soluble euglobulin fraction reacted with an 
anti-euglobulin rabbit serum as if it contained a 
single antigen. In this experiment, the reaction 
of this fraction is studied with an antiserum pre- 
pared by immunizing rabbits with the unfrac- 
tionated globulin of normal human serum. One 
ml. of rabbit serum Number 78 was mixed with 
various amounts of alpha-globtdin (water soluble 
euglobulin), and the amount of nitrogen in the 
resulting precipitate was determined following the 


procedure described in the first experiment. The 
supernatant fluids were tested for the presence of 
excess antigen and antibody as before. The re- 
sults are given in Table II. It will be seen from 


TABLE II 

Reaction of the water soluble euglobulin with anliglobulin 
serum Number 78 


BuglobuHn 

citrogen 

added 

j Nitrogen predp/taCed 
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1 . 

1 
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1 

1 

1 
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soluble 
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soluble 
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mgm. 
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0.178 

0.178 

— 

+++ 

+++ 

0.046 
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0.331 

— 1 

+++ 

-1-++ 
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0.464 
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— 1 

+++ 

++-1" 

0,092 

0.S52 

0.561 j 


+++ 

4-++ 

0.115 

0.658 

0.637 , 

— . , 


4-+ 

0.137 

0.734 

i 

— j 


++ 


the table that no evidence was found that the 
alpha-globulin contained more than one antigen. 
Although the difference between the successive 
amounts of alpha-globulin added was made small 
to permit the detection of small amounts of globu- 
lin-X, no evidence was found for the presence of 
that protein in this fraction. The tests upon the 
supernatant fluids show that no antigen was left 
behind to react with added antiserum at any point 
in the range studied. In the last tube, in which all 
of the antibody reacting with alpha-globidin had 
been removed, there still remained antibody react- 
ing with the globtdin-X contained in the pseudo- 
globulin fractions. If a second protein is con- 
tained in the alpha-globulin, it is not a precipitino- 
gen, that is, it does not react with antiserum to 
give a precipitate. 

Heidelberger and Kendall (6) have shown that 
the reaction between a pure antigen and its 
homologous antibody follows the equation: 

Mgm. nitrogen precipitated = AX — BX-, 

where A and B are constants having definite phys- 
ical significance (see (6)) and X represents the 
amount of antigen nitrogen added. For serum 
Number 78, this equation is; 

Mgm. nitrogen precipitated ~8.3X — 24X~. 

The values calculated from this equation are given 
in Table II where they may be compared with the 
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corresponding experimental values. The close 
agreement of the figures is additional evidence 
that the water soluble euglobulin contains but a 
single antigen. 

This experiment shows that in its reaction with 
antiglobulin rabbit serum, the zuater soluble eu- 
globulin reacts both qualitatively and quantita- 
tively as if it contained a single antigenic com- 
ponent. 

Absorption of antibodies for globulin-X from 
antiglobulin rabbit serum 

Thirty ml, of antiserum from each of two rab- 
bits, which had been immunized with the whole 
globulin fraction of normal human serum, were 
treated with small portions of the water soluble 
pseudoglobulin fraction, rich in globulin-X until 
tests with unabsorbed antiserum showed the pres- 
ence of an excess of globulin-X. A test portion 
of the antiserum Avas treated with an excess of 
alpha-globulin. After centrifuging down the pre- 
cipitate, the supernatant fluid was tested for the 
presence of antibody reacting with globulin-X by 
the addition of a dilute solution of one of the 
pseudoglobulin fractions, A negative test at this 
point showed that all of the antibody reacting 
with globulm-X had been removed. The serum 
Avas filtered through an L2 Chamberland filter and 
after the addition of 1 ml, of a 1 per cent solution 
of merthiolate stored in the ice box. 

It was found to be more difficult to remove the 
antibodies for globulin-X from antisera obtained 
by long immunization or from bleedings made af- 
ter continuing the immunization after the first 
bleeding. Thus a second bleeding from the two 
rabbits, described above, still contained antibodies 
that reacted Avith globulin-X after treatment with 
the water-soluble pseudoglobulin fraction, as de- 
scribed above. Although the treated sera con- 
tained an excess of globulin-X, as shown by its 
reaction with unabsorbed antisera, it still con- 
tained antibodies that reacted with the pseudo- 
globulin fraction after all of the antibodies react- 
ing with alpha-globtdin had been removed. This 
observation is evidence that the globulin-X frac- 
tion contains more than one antigen. In order to 
remove all of the antibodies for globulin-X from 
such antisera, the absorption had to be continued 
to a point Avhere a large part of the antibody for 
the alpha-globulin Avas also removed and the re- 


sulting sera Avere too weak to be used for the 
quantitative determination of alpha-globulin. 
Therefore, only the first bleedings from the im- 
munized rabbits should be used for the quantita- 
tive determination of alpha-globidin. 

Standardisation of the absorbed antiserum 

One ml, of the antiserum Avas set up Avith vari- 
ous amounts of alpha-globulin. Preparation P-4, 
in a volume of 4 ml. The tubes Avere treated ex- 
actly as described in the experiments on serum 
Number 3S9, All determinations Avere made in 
duplicate, except Avhere noted, and calibrated 
pipettes Avere used throughout. The quantity of 
alpha-globulin nitrogen used, the amount of nitro- 
gen precipitated, and the tests on the supernatants 
are given in Table III as Avell as the values calcu- 


TABLE III 

Nitrogen precipitated from absorbed serum Number 1 by 
alpha-globtdin, P-4 
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globulin 
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Total nitrogen 
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0.1041 
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— 









*N== 9.ix - 55x\ 
t Single determination. 


lated upon the assumption that the reaction is that 
of a single antigen-antibody system. It will be 
noted from the tests upon the supernatants that in 
no case Avas the presence of both antigen and anti- 
body noted in the same supernatant, and that no 
residual antibody was present that reacted Avith 
the globulin-X contained in the pseudoglobulin 
fraction. 

A chart was prepared by plotting the amount o 
nitrogen precipitated against the quantity o 
alpha-globtdin used and a smooth curve Avas 
drawn through the points. It has been shoAvn y 
previous work (6) that such a curve may be use 
for the quantitative estimation of an antigen pro 
vided certain conditions are controlled. 
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amount of antigen in the sample analyzed must 
not be excessive. Tests upon the supernatant 
fluid should always be made and should show the 
presence of an excess of antibody and the absence 
of antigen. The analysis should be carried out 
under exactly the same conditions followed in the 
standardization of the antiserum : i.e., the volume 
of the antiserum used, the total volume of the 
reaction mixture, the volume of saline used for 
washing the precipitate, the length of time the 
tubes are kept at 37° C. and in the ice box, the 
temperature at wliich the tubes are centrifuged, 
should all be kept constant. 

Analysis of the globulin fractions for 
alpha-globulin 

Solutions of the four globulin fractions, the 
water-soluble and water-insoluble euglobulins and 
pseudoglobulins, from a number of different 
preparations were made up to contain approxi- 
mately 0.05 mgm. per ml. of nitrogen. Duplicate 
1 ml. samples of these solutions were set up with 
1 ml. of the absorbed antiglobulin serum Num- 
ber 1 and the amount of nitrogen precipitated was 
determined, following exactly the procedure used 
in standardizing the antiserum. The quantity of 
alpha-globulin equivalent to the nitrogen found 
was read from the chart. 


TABLE IV 

Alpha-globulin content of globulin fractions 
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identical with that precipitated by the same quan- 
tity of Preparation P-4 which was used to stand- 
ardize the antiserum. All of the preparations 
were exactly the same in their ability to react with 
alpha-antibody. This uniformity in the prepara- 
tions tends to eliminate the possibility that the 
alpha-globulin in this fraction was associated with 
a second component which did not react with the 
antiserum. It would not be reasonable to expect 
preparations made from sera of different indi- 
viduals to contain a uniform percentage of an 
inert protein. The results of the analyses there- 
fore indicate that the water-soluble euglobulin 
fraction is pure alpha-globulin. 

As indicated by the experiments with the un- 
absorbed rabbit antisenun, the other fractions are 
all mixtures containing both alpha-globulin and 
globulin-X. The water-soluble euglobulin frac- 
tions contained between 55 and 62 per cent of 
alpha-globulin, the water-insoluble pseudoglobulin 
between 48 and 65 per cent, while the water- 
soluble pseudoglobulin contained only 30 per cent 
of this protein. The variation in the alpha-globu- 
lin content of the water-insoluble fractions was 
small whether the material was prepared from the 
euglobulin or from the pseudoglobulin fraction. 
The composition was nearly the same whether the 
material was prepared from a solution rich in 
alpha-globulin or one rich in globulin-X. 

Reaction of alpha-globulin with globulin-X 

The constancy of composition of the water- 
insoluble globulin suggested that it was a chemical 
compound of the different globulins. If this is 
true, mixing solutions of the two water-soluble 
fractions should result in the formation of a pre- 
cipitate. A solution of the water-soluble euglobu- 
lin fraction of Preparation P-4 containing 0.88 
mgm. of alpha-globulin nitrogen was added to a 
solution of the water-soluble pseudoglobulin frac- 
tion containing 0.77 mgm. of globulin m'trogen, 
of which 0.54 mgm. was globulin-X nitrogen, at 
0° C. A heavy precipitate formed immediately. 
After centrifugation in the cold, the supernatant 
fluid was analyzed and found to contain 0.42 
mgm. of nitrogen, leaving 1.23 mgm. of nitrogen 
in the precipitate. If the assumption is made that 
all of the globulin-X was precipitated, the insolu- 
ble protein contained 56 per cent alpha-globulin 
and 44 per cent globulin-X. 
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The precipitate, which in tlie cold formed a 
semi-opaque gelatinous mass, and upotr warming 
to room temperature liquefied to a very viscous 
transparent fluid, was readily soluble in 0.9 per 
cent NaCl solution. Dilutions of this solution 
containing 0.0545 mgm. of nitrogen preci{)iiated 

0. 230 mgm. of nitrogen from antiserum Number 

1, an amount equivalent to 0.030 mgm. of alpha- 
globulin nitrogen. Thus upon analysis, the pre- 
cipitate was found to contain 55 per cent of alpha- 
globulin, confirming the estimate arrived at above. 
This value is also in agreement with the values 
found for the water insoluble euglobulin and 
pseudoglobulin fractions, and supports the hy- 
pothesis that the ivater insoluble globulin is a com- 
pound of alpha-globulin and globuUn-X. 

Alpha-globulin content of normal human scrum 

Since the absorbed antiserum is specific for 
alpha-globulin, it can be used for the determina- 
tion of alpha-globulin in unfractionated human 
serum. Thirteen samples of scrum from adults in 
normal health were analyzed for total albumin and 
globulin by the Howe method (1) and for alpha- 
globulin by the precipitin method. Duplicate de- 
terminations of the amount of nitrogen precipi- 
tated from 1 ml. of absorbed antiserum Number 1 
by the addition of 1 ml. of a 1 ; 100 dilution of 
each serum were made following the procedure 
used for the standardization of the antiserum. 
The amount of alpha-globulin nitrogen equivalent 
to the nitrogen in the precipitate was obtained 
from the standardization chart. The values for 
alpha-globulin nitrogen were multiplied by the fac- 
tor 6.25 to obtain values comparable to the albu- 
min and globulin figures from the Howe method. 
The values for glohulin-X were obtained by sub- 
tracting the alpha-globidin figures from the total 
globulin. 

The results given in Table V show that in these 
thirteen sera the alpha-globulin content varied be- 
tween 1.1 and 2.1 grams per 100 ml. of serum 
with ten of the values falling between 1.3 and 1.6 
grams per 100 ml. These values form from 58 to 
78 per cent of the total globulin of the sera. The 
globulin-X content varied between 0.4 and 1.0 
with ten of the values lying between 0.6 and 0.8 
gram per 100 ml. No correlation was found be- 
tween any of these values and the values for 
euglobulin, as determined by the Howe method. 
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ml. 

fa ml 

lotsl 

slAAis 

IJa. ... 


!•’ 

13 

1.3 


0.1 

1.5 

0.7 

63 

Uy.... 

.May j 

K 

31 

3.1 

bS 

0.1 

1.1 

0.1 

73 



a 

.M 

3< 

.',.1 

2.1 

Q.d 

i.a 

0.S 

67 

.Ma.... 

.May 5 

.M 

31 

3.3 

l.il 

OS 

1.1 

0.5 

63 

Ko. . . . 

.'.jay i 

.M 

3,S 

t.l 

2-1 

0.1 

u 

0.3 

62 

I’ar.... 

t’ctifija..y 3 

.M 

Z'i 

1.9 

2.3 

OJi 

1.1 

0.7 

61 

Do.... 

Jii.’-.a 11 

V 

31 

5.0 

2.0 

0.3 

u 

0.7 

65 

n 

1 1 

.\t 

3.S 

5.0 

2.1 

0.3 

1.1 

1.0 

53 

Ki. . . . 

Ju.-.a 1 ( 

.M 

33 


2.7 

0.1 

2.1 

0.6 

73 

Da.... 

Jur.Q It) 

K 

3.1 

3.1 

•> <> 

0.3 

1.1 

03 

61 

Mo.... 


•M 

33 

1.9 

2J 

0.1 

l.d 

0.7 

70 

l‘a.... 

Jur.o til 

.M 

31 

3.3 

2 2 

OA 

1.1 

0.8 

61 

6i 

Jur.o 1(1 

.M 

37 

3.0 

2.0 

0.7 

1.3 

0.7 

73 


Alpha-globulin in the scrum of patients zvith alco- 
holic cirrhosis of the liver and chronic 
glomerulonephritis 

Two diseases, alcoholic cirrhosis of the liver 
and chronic glomerulonephritis, were chosen for 
study because they produce definite changes in the 
level of serum protein and are marked by certain 
abnormalities in water metabolism. 

The results of the analyses of sera from 13 pa- 
tients suflering from various stages of alcoholic 
cirrhosis of the liver are given in Table VI. T e 
ten cases marked with Roman numerals are de 
scribed by Patek in another paper (9). It will c 
seen that the high globulin values observed in t s 
disease are due to an increase in the alpha-glo ii 
lin, the globulin-X values remaining within the 
limits found for normal sera. In all of the wses 
showing extensive liver damage, the alpha-go ii 
lin formed more than 80 per cent of ^ 

globulin. The cases that showed marked clinic 
improvement, upon following the treatment 
scribed by Patek, showed a decrease in t e p 
centage of alpha-globulin. , 

Table VI also shows the values 

seven cases of chronic glomerulonephritis. ^ 

the patients studied in this group were m 
nephrotic stage of the disease, showing 
edema and marked albuminuria. The sixt 
Jo., may have been a case of pure nephrosis. 
results show that in six of the cases, althoug 
total globulin was within the normal limits, 
alpha- globulin was decreased, forming ony 
tween 26 and 47 per cent of the total, 
qlobidin-X fraction was increased so t a 
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TABLE VI 


Alpha-globulin content of sera from patients with cirrhosis or nephritis 


Patient* 

Dale 

Sex 

Age 

M 

Glob- 

ulin 

Alpha- 

glob- 

ulin 

Glob- 

ulin 

—X 

Alpha^ 

glob- 

ulin 

Comment 


1037 

1 

years 

srams 

per 

too 

mU 

srams 

per 

IQQ 

ml. 

grams 

per 

100 

ml. 

grams 

per 

100 

ml. 

percent 

of 

total 

globulin 



ALCOHOLIC CIRRHOSIS OF THE LIVER 


Go. 

I 

April 27 

H 

45 

3.5 

3.0 


0.6 

80 

General improvement. No ascites for 5 months fo 











lowing 7 months' history of ascites. 



June 9 



3.7 

3.0 


0.8 

73 

Continued improvement. 

Ca. 

II 

May 24 

iS 

63 

3.9 

3.9 


1.2 

69 

General improvement. No ascites for 7 months fol 




Ml 







lowing 7 months’ history of ascites. 

Po, 

III 

April 14 

11 

49 

3.3 

2.0 

1.6 

0.4 

80 

Jaundiced; no ascites. Considered case of alcoholi 











hepatitis. 

Har. 

IV 

May 24 

M 

40 

3.7 

3.3 

2.1 

1.2 

64 

Jaundiced; no ascites. Considered case of alcoholi 











hepatitis. 

Bo. 

VI 

January 22 

M 

64 

2.9 

4.6 

4.1 


89 

Ascites of one month duration. 



February 15 



2.6 

5.3 

4.1 

1.2 

78 

Ascites present. Bronchopneumonia, causative organ 











ism unknown. 

Br. 

VII 

June 17 

F 

48 

2.9 

2.9 

2.5 

0.4 

86 

Ascites present. Profound anemia of primary type? 

Ar. VIII 

Alay 21 

F 

45 

4.3 

2.3 

1.7 

0.6 

74 

No ascites for 1 month following ascites of unknown 











duration. Anemia. 

Tu. 

IX 

May 19 

M 

52 

4.1 

4.4 


0.7 

84 

Ascites for 8 months. Diuresis May 10, 1937. 



June 11 



4.3 

4.3 

111 

0.9 

79 

No ascites for 1 month. 

Ro- 

X 

April 14 

M 

49 

3.4 

3.8 

3.1 

0.7 

82 

No history of ascites. Mild cirrhosis with chronic 











glomerulonephritis. 



June 9 



4.0 

3.5 

2.7 

0.8 

77 


Ha. 

XI 

April 27 

F 

55 

2.1 

3.4 

2.8 

0.6 

82 

Ascites of 5 months’ duration. 



June 9 



2.9 

3.3 

2.7 

0.6 

82 

Ascites of 6J months’ duration. Died June 14, 1937. 

Has. 


May 21 

M 

66 

3.8 

3.4 

3.1 

0.3 

91 

Very slight cirrhosis on admission. No ascites. 











Chronic glomerulonephritis? 



June 16 



3.7 

3.0 

2.3 

0.7 

77 

Evidence for cirrhosis lacking at this date. 

Ho, 


June 5 

M 

67 

1.5 

4.7 

3.9 

0.8 

83 

Ascites 5 months. Died June 29, 1937. 

La. 


June 5 

F 

38 

2.8 

2.0 


0.0 

100 

Ascites 3 months. Anemia. Died June 28, 1937. 











Tubercular meningitis. 


CHRONIC GLOMERULAR NEPHRITIS 


Mu. 

Ga. 

Wh. 

Ka. 

Hi. 

Jo. 

Rh. 


April 22 

M 

11 

1.9 

2.1 

0.9 

1.2 


Generalized edema. 

April 22 

M 

21 

2.2 

2.4 


1.5 

38 

Generalized edema. 

April 14 

F 

20 

2.8 

1.9 


1.0 

47 

Generalized edema. 

April 14 

F 

14 

3.0 

1.6 


1.0 

38 

Generalized edema. 

April 12 

M 

54 

2.1 

2.8 


1.8 

36 

Nephrotic stage. 

May 3 

M 

15 

1.6 

1.9 

0.5 

1.2 

26 

Possible nephrosis. Died June 5, 1937. 
coccus peritonitis. 

April 22 

F 

46 

1.5 

3.4 

3.0 


88 

Generalized edema. Died May 3, l93V. 


* The cases marked with Roman numerals are described by Patek in another paper (9). 


Pneumo- 


formed from 50 to 75 per cent of the total globu- 
lin, instead of from 22 to 42 per cent, as found in 
normal individuals. 

The variations in the alpha-globulin content of 
the serum at various stages of these and other dis- 
eases are being studied and will be reported in a 
later paper. 

summary 

The work reported in this paper confirms the 
observation of earlier workers that the globulin 


fraction of human serum contains at least two 
proteins that are antigenically different. When 
rabbits were immunized with the whole globulin 
or with one of the water-insoluble fractions of the 
globulin, the resulting antiserum contained pre- 
cipitating antibodies for at least two different pro- 
teins. Quantitative experiments show that most 
of the antibody in the antisera tested is specific for 
one of the globulins, antibodies for the other 
globulin or globulins representing only about 10 
per cent of the total amount. It was found pos- 
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sible to absorb out these antibodies by treating the 
antiserum with small amounts of a fraction rich in 
the corresponding globulin and in this way obtain 
an antiserum that reacted with only one kind of 
globulin. 

This absorbed antiserum was used as a reagent 
for the quantitative determination of the amount 
of corresponding protein contained in human se- 
rum and in fractions of the serum globulin ob- 
tained by precipitation with ammonium sulfate 
and by dialysis. The information thus obtained 
led to the isolation of a fraction of the serum 
globulin that behaved like a pure protein in its re- 
actions with antiserum. This protein, which has 
been called alpJia-globuli>ij was water-soluble and 
formed from 58 to 78 per cent of the total globulin 
present in normal human serum. The remainder 
of the globulin has not been isolated in pure form ; 
the best preparations thus far obtained still con- 
tain 30 per cent of alpha-globulin. Although evi- 
dence has been presented that the remainder of 
the globulin is itself a mixture of antigens, it has 
been found convenient to call it globulin-X.^ The 
purest preparations of globulin-X were also wa- 
ter-soluble. When solutions of alpha- globulin and 
glohulin-X were mixed in the absence of salt, a 
precipitate was formed which contained 55 per 
cent of alpha-globulin. The composition of this 
precipitate was very close to that of the water- 
insoluble globulin obtained when either the eu- 
globulin fraction or the pseudoglobulin fraction is 
dialyzed free from salts. The constant composi- 
tion of this protein suggested that it was a com- 
pound of the two water-soluble globulins. 

CONCLUSIONS 

1. A fraction of the globulin of normal human 
serum has been isolated which behaves like a pure 
protein in its reactions with antiglobulin rabbit 
serum. This protein has been called alpha-globu- 
lin. 

2. Evidence has been presented that the re- 
mainder of the globulin, called for convenience 


3 These names, alpha-globulin and globulin-X, are pre- 
ferred by the author to the terms Globulin I and Globulin 
II suggested by Harris and Eagle (5) since they avoid 
the possibility of being confused with the terms Pseudo- 
globulin I and Pseudoglobulin II which refer to certain 
fractions obtained by precipitation with sodium sulfate. 


globulin-X, is a mixture containing more than one 
antigen. 

3. Both alpha-globulin and globulin-X are 
water soluble. The familiar globulin, insoluble in 
water but soluble in dilute salt solutions, is formed 
when these two water soluble fractions are mixed. 

4. The water insoluble serum globulin is a com- 
pound of alpha-globulin and globulin-X contain- 
ing approximately 55 per cent of alpha-globulin. 

5. Normal human serum contains between 1.1 
and 2.1 grams of alpha-globulin and between 0.4 
and 1.0 gram of globulin-X per 100 ml. 

6. In a limited series of patients with cirrhosis 
of the liver or chronic glomerulonephritis with 
edema, the quantities and proportions of these two 
proteins are markedly changed from the normal 
values. 
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There have been two schools of thought as to 
the cause of diabetes nielh'tus ; one group holding 
to the lessened oxidation, and another group be- 
h'eving in the overproduction theory of the dis- 
ease. The infonnation concerning oxidation has 
been based largely upon repeated determinations 
of respiratory gaseous e.xchange at short intervals ; 
the total period being calculated on the assump- 
tion that the process was sufficiently uniform to 
permit the estimation of the total glucose oxidized 
from a series of samples. The overproduction 
theory is based on indirect findings, which have 
not convinced most workers that fat is converted 
to carbohydrate to any significant extent by the 
diabetic individual. In addition, there has been 
much discussion as to whether a diabetic should 
be fed a diet high in carbohydrate, or one high 
in fat and low in carbohydrate. The argument in 
this instance has, in the main, been dependent 
upon clinical observations. It would seem that 
the use of a respiration chamber which would 
permit the continuous measurement of the oxida- 
tive processes might clarify these questions. 

In this study a respiration chamber (1) for 
continuous measurement of the respiratory gases 
has been used. Standard open circuit indirect 
^lorimetiy has been employed. Gas analysis has 
technique of Carpenter 
^ rapidity of mixture of gases has been 

c ecked by introducing known quantities of car- 
on dioxide into the respiration chamber and 
samples at short intervals, 
been found that a complete mixture of 
within three minutes. Alcohol 
bet^ u ^ repeatedly given recoveries of 
or t an 99 per cent of the theoretical values, 
been ^ normal and diabetic subjects have 
diet three or more days on a simple 

cient composition. Approximately suffi- 

dietar^ naaintenance were given. The 
protein has been adequate in all instances. 


The diabetics have been given the same quantity 
of protein as their comparative controls. The 
quantity of carbohydrate has been varied in the 
preparatory diet from 21 to 500 grams, and the 
fat has been adjusted isocalorically. The dia- 
betics were first studied following a long period 
of control in which their blood sugars were within 
normal limits. The same diabetics were then in- 
vestigated after a period of 23 to 35 days of 
constant hyperglycemia and glycosuria. In some 
instances, the same diabetics were again studied 
following a second short period when they were 
aglycosuric and their fasting blood sugars were 
kept normal, either by dietary adjustment or by 
the use of insulin. The amounts of dextrose 
given at the beginning of the oxidative study have 
been varied from 0 to 200 grams. 

The subjects were placed in the respiration 
chamber on the evening of the last preparatory 
day. The following morning, 12 to 14 hours 
after their last meal, they arose, emptied their 
bladders, and drank 400 cc. of distilled water, or 
an equivalent quantity of fluid containing dex- 
trose. They then returned to bed where they 
quietly reclined for the next four hours. The 
carbon dioxide and oxygen determinations were 
begun when the subject had returned to bed. At 
the end of the four-hour period the subject would 
again arise and empty the bladder. The carbon 
dioxide and oxygen determinations were then 
stopped. 

The urine of the diabetics and normal subjects 
collected during the four-hour oxidative period 
was routinely tested for ketone bodies with a 10 
per cent aqueous solution of ferric chloride. In 
all instances the test was negative. 

The calculations of glucose oxidized were made 
by the usual standard method (3). 

RESULTS 

When three normal male subjects were studied 
in the fasting state, the amount of carbohydrate 
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TABLE I 


TABLE III 


Nonnals 


The effect of ittcreasing the carbohydrate of the preparatory 
diet upon the oxidation of glucose 


Ex- 

peri- 

ment 

num- 

ber 

Sub- 

ject 

Diet 

Preparation 

In 

cham- 

ber 

Tot.al 

K.Q. 

Total 

oxy- 

gen 

Nitro- 

gen 

of 

urine 

Heat 

pro- 

duc- 

tion 

Glu- 

cose 

oxi- 

dized 

Cal- 

orics 

Car- 

bohy- 

drate 

Glu- 

cose 

1 

2 

3 

4 

5 

6 

7 

8 

C.F. 

C. F. 

D. D. 
C.F. 
B.D. 
B.D. 
B.D. 
J.M. 

II 

i 1 i! 

i ' 1 ! 

■ 's' 
i ; i i 

grams 

21 

53 

53 

100 

100 

201 

202 

500 

grams 

0 

0 

0 

0 

0 

0 

0 

0 

.764 

.784 

.790 

.773 

.779 

.792 

.793 

.824 

liurs 

66.79 

65.47 

56.62 

64.66 

57.97 

59.14 

60.64 

75.44 

grams 

2.60 

2.25 

2.41 

1.84 

2.12 

2^23 

1.99 

2.07 

cal- 

orics 

312 

309 

268 

304 

273 

279 

288 

360 

grams 

10.6 

17.3 

20.3 

15.3 
14.0 

17.4 
18.7 
35.2 

9 


2000 

21 

25 

.777 

62.82 

2.33 

295 

14.7 

10 

C.F. 

2742 

53 

El 



2.25 

332 

25.6 

11 

B.D. 

1980 

50 

Hi 

.845 

53.06 

2.38 

253 

27.8 

12 

C.F. 


100 

50 


67.77 

2.28 

323 

33.2 

13 

B.D, 

2750 

100 

50 

.904 


2.43 

274 

44.9 

14 

B.D. 

2750 

201 

50 

.889 

63.09 

2.46 

305 

46.6 

15 

B.D. 

2750 

201 

50 

.870 

58.18 

1.87 

281 

39.2 

16 

C.F. 

2750 


100 

.826 

|fiS5 

2.05 

341 

35.1 

17 

B.D. 

2627 

inil 

100 

.899 

NjKy 

2.01 

298 

49.1 

18 

B.D. 

2750 

ia 

100 

.921 


2.27 

295 

53.9 

19 

B.D. 

2627 

101 

200 

.887 

62.38 

2.22 

302 

45.5 

20 

B.D. 

2742 

204 

200 

.965 

68.05 

2.84 

333 

68.9 


TABLE n 


Normals 

The effect of increasing the amount of glucose at the beginning 
of the period of oxidation -when the carbohydrate 
of the preparation was cotislatit 




Diet 






Ex- 




In 


Total 

Nitro- 

Heat 

Glu- 

peri- 

Sub- 

Preparation 

cham- 

Total 

gen 

pro- 

cose 

ment 

ject 



ber 

R.Q. 

oxy- 

of 

due- 

oxi- 

num- 





urine 

tion 

dized 

ber 


Cal- 

Car- 

bohy- 

Glu- 








ories 

drate 

cose 









grams 

grams 


liters 

grains 

cal- 

ories 

grams 

13 

B.D. 

KHSi] 

100 

50 

.904 

56.60 

2.43 

274 

44.9 

12 

C.F. 

fcVwij 

100 

50 

.833 

67.77 

2.28 

323 

33.2 

17 

B.D. 

2627 

101 

100 

.899 

61.37 

2.01 

298 

49.1 

16 

C.F. 

HrMlJ 

100 

100 

.826 

71.66 

2.05 

341 

35.1 

19 

B.D. 

2627 

101 

200 

.887 

62.38 

2.22 

302 

45.5 

14 

B.D. 

wrWB 

201 

50 

.889 

63.09 

2.46 

305 

46.6 

15 

B.D. 

2750 

201 

50 

.870 

58.18 

1.87 

281 

39.2 

18 

B.D. 


199 

100 

.921 

60.46 

2.27 

295 

53.9 


B.D. 

2742 

204 

200 

.965 

68.05 

2.84 

333 

68.9 


Normals 

The effect of simultaneously increasing the carbohydrate ii 
the preparatory diet and at the beginning 
of the oxidation period 




Diet 






Ex- 

peri- 

ment 

num- 

ber 

Sub- 

ject 

Preparation 

In 

cham- 

ber 

Total 

R.Q. 

Total 

oxy- 

gen 

Nitro- 

gen 

of 

urine 

Heat 

pro- 

duc- 

tion 

Glu- 

cose 

oxi- 

dized 


Cal- 

ories 

Car- 

bohy- 

drate 

Glu- 

cose 






grams 

grams 


liters 

grams 

cal- 

ories 

gratm 

12 

C.F. 

Q * i 

100 



67,77 

Bill 

323 

33.2 

13 

■all 

mt ” S 
Bf L ! 

100 


1 ^ 


sli 

274 

44.9 

14 

B.D. 


201 


.889 


2.46 

305 

46.6 

15 

B.D. 

Bit 

201 



58.18 

1.87 

281 

39.2 

16 

C.F. 

Bii 

100 



71.66 

2.05 

341 

35.1 

17 

B.D. 

2627 

101 


.899 

61.37 

2.01 

298 

49.1 

18 

B.D. 


199 


.921 


2.27 

295 

53.9 


TABLE rv 


Diabetic patients 

The effect of increasing the glucose at the beginning of the 
period of oxidation upon the oxidation of glucose 


Ex- 

peri- 

ment 

num- 

ber 

Sub- 

ject 

Diet 

Total 

R.Q. 

Total 

oxy- 

gen 

Nitro- 

gen 

of 

urine 

Heat 

pro- 

duc- 

tion 

Glu- 

cose 

oxi- 

dized 

Prepara- 

tion 

In 

cham- 

ber 

Cal- 

ories 

Car- 

bohy- 

drate 

Glu- 

cose 

21 

22 

23 

24 

M.M.* 

M.M. 

M.M. 

M.M. 

1 

grams 

21 

21 

21 

21 

grams 

0 

25 

25 

50 

.732 

.757 

.768 

.753 

liters 

61.69 

59.16 

59.22 

62.93 

grams 

2.07 

1.83 

1.67 

2.29 

calories 

287 

277 

279 

294 

grams 

0.7 

8.7 

12.2 

7.5 

25 

26 
27 
28§ 
29§ 
30§ 
3111 

R.S.t 

R.S. 

R.S. 

R.S. 

R.S. 

R.S. 

R.S. 

2700 

2700 

2700 

2780 

2780 

2780 

2780 

40 

40 

40 

130 

130 

130 

130 

0 

0 

SO 

0 

SO 

100 

100 

.774 

.767 

.780 

.843 

.822 

.791 

.806 

ii 

m 

323 

347 

340 

286 

304 

332 

338 

17.5 
16.2 
17.7 
25.2 

26.5 
21.1 
24.4 

32 

33 

34 
3SU 
3611 
3711 

W.H.t 

W.H. 

W.H. 

W.H. 

W.H. 

W.H. 

2600 

2600 

2600 

2760 

2760 

2760 

100 

100 

100 

226 

226 

226 

0 

SO 

100 

0 

so 

100 

.763 

.758 

.801 

.803 

.820 

.818 

56.42 

58.37 

56.19 

61.77 

60.90 

58.10 

1.46 

1.76 

2.10 

3.20 

3.04 

3.11 

266 

274 

266 

290 

288 

274 

10.3 
9.4 

18.9 

19.3 

23.9 
21.5 


* M.M. tolerance of 55 grams of available glucose, 
t R.S. tolerance of 90 grams of available glucose, 
t W.H. tolerance of 140 grams of available glucose. 

_§ Glycosuria and hyperglycemia for 35 days previ 

’"if Con'trSlS'with insulin with normal fasting blood 
lugars for 10 days previous to o.^dation gudy. 

^ Glycosuria and hyperglycemia for Jo a y p 
:o oxidation study. 
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FiC. 1, A COMPABISON OF THE OXIDATION OF GLUCOSE IN DIABETIC SUBJECTS AND NoRlIAL SUBJECTS 


oxidized in the four-hour period became larger hours was dependent upon the severity of the dia- 
^ the carbohydrate of the preparatory diet was betic’s disease. However, the response to increas- 
increased (Table I). This effect was consistently ing the glucose of the chamber period is similar to 
obtained when the carbohydrate in the preparatory the response of the normal subjects, but quantita- 
diet was varied between 25 and 500 grams. Fur- tively reduced. Figure 1 gives a graphic repre- 
ther, when the glucose was ingested at the begin- sentation of the quantitative difference between 
mng of the experimental period in amounts from the individudal diabetic subjects and the normals. 
SO to 200 grams, even though the carbohydrate In this Figure, A and D are from one diabetic, B 
preparation had been the same, the oxidation of and E from a second diabetic and C, F and G 
glucose was increased (Table 11). When both the from a third diabetic. When the same diabetics 
carbohydrate of the preparatory and chamber pe- were studied after a period of 23 to 35 days of 
nods were simultaneously increased, the oxida- constant hyperglycemia and glycosuria, the 
tion of glucose was additive (Table III). amount of glucose oxidized in four hours stayed 

^^ree male diabetics studied were aged 19, at a constant level (Experiments 28, 29, 30, 35, 
, They were free of any disease other 36 and 37, Table IV), even though the glucose 

the diabetes mellitus. All of them had been of the chamber period was increased from 0 to 
un er observation at the University Hospital for 100 grams. Emphasis should be placed on the 
one or more years. The results of the oxidation inability to increase oxidation of glucose in re- 
y in these patients, performed after 14 to 21 sponse to the ingestion of increased amounts of 
IV ^ complete control, are summarized in Table glucose, a marked contrast to the normal controls 
he amount of glucose oxidized in the four who oxidized more glucose when they took more 
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of it. It was also observed that increasing the 
carbohydrate preparation from two to three times 
above the tolerance of the diabetics resulted in but 
slight increase in the amount of glucose oxidized. 
This slight increase may be attributed to the asso- 
ciated hyperglycemia, which produced a maximum 
stimulation of the mechanism for the utilization of 
carbohydrate. Once the maximum stimulation 
has been reached, further ingestion of glucose can 
never result in additional oxidation. Experiment 
31 (Table IV) further substantiates this view. 
Diabetic R. S., while taking a diet containing 130 
grams of carbohydrate, had a glycosuria that ex- 
ceeded 60 grams each 24 hours when insulin was 
not used. This same diabetic was given insulin in 
amounts to keep him aglycosuric for 10 days. 
Then food was withheld and insulin discontinued 
12 hours before the oxidative study. In this in- 
stance 24 grams of glucose were oxidized, an 
amount similar to the oxidation while on the same 
diet without insulin. From the above data (Table 
IV), it is apparent that carbohydrate in excess of 
the diabetics’ oxidatixe ability was never beneficial 
to those diabetics studied nor was it possible to 
benefit the mechanism that utilizes carbohydrate 
by the previous use of insulin. 


CONCLUSIONS ■ 

The fasting normal subject oxidizes increasing 
amounts of glucose in response to increasing quan- 
tities of carbohydrate in the preparatory diet. He 
likewise oxidizes more glucose during the four 
hours in response to increasing ingestion of dex- 
trose at the beginning of the period even though 
the preparation has been the same. When both 
sources of carbohydrate are simultaneously in- 
creased, the oxidation of glucose is additive. The 
response of the diabetic is qualitatively similar but 
quantitatively smaller. The diabetics’ ability to 
oxidize glucose was directly related to the severity 
of the disease. Carbohydrate, in excess of the 
ability of these diabetics to oxidize it, was of no 
benefit. 
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